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EDITORIALS
R E S E A R C H

M uch progress has been m ade in recent yea rs in th e 
establishm en t of research laboratories in th e more 
progressive m an ufacturin g plants in th is co u n try; 
y e t a can vass of th e situation  will show th a t a com 
p a ra tiv e ly  sm all percen tage of in d u stria l m anagers 
is even now  convinced th a t  a careful scien tific s tu d y  
of processes and products w ill p ay , and these m anagers 
do n ot look w ith fa v o r  upon th e suggestion  th a t a 
v e ry  sm all portion of th eir earnings m ight w ith  profit 
be in vested  in a reserve of know ledge of their in d u stry .

T h e  A m erican  m anufacturer has foun d th e  develop 
m ent of his business so easy and rapid, either on a c
coun t of favo ra b le  raw  m aterial conditions, or a greedy 
dem and for his products th a t  it  has n ot been n ecessary 
for him  to  d evote atten tion  to th e s tu d y  of more 
efficient processes, in order to  reap enorm ous profits. 
In  other cases th e tim e and en ergy of m any m anagers 
has been so taken  up w ith  th e  problem s of keeping 
up w ith  th e n atu ral dem ands, due to  th e  grow th  of 
th e co u n try , th a t  a scientific stu d y  of th e in d u stry  
has been, and will continue to  be, deferred until profits 
begin to  fail.

P ro b a b ly  th e greatest fa cto r in  retard in g th e  de
velopm ent of scientific research am ong our industries 
has been high tariff. T h is high tariff has caused m an y 
of our in dustries to  prosper and p a y  enorm ous profits 
in sp ite of th eir short-sighted m anagem ent. P o litica l 
research, w ith  a v ie w  to exploiting th e consum er, is 
well understood b y  such m anagers and it  is a regret
ta b le  fa c t th a t m any of them  h a ve  spent thousan ds of 
dollars on th e  lo b b y  and not onq cen t for p lacin g their 
business on a  sound scientific footing.

Perhaps th e  m anagers w ho h a ve  specialized  in th is 
form  of po litical research are the v ictim s of certain  
econom ic conditions and should not be held responsible 
for th e selection  of th is  m ethod of building up their 
business. T h e y  are em ployed to  produce a product 
a t a  profit and it  is not a lw ays stip u lated  b y  th e  sto ck 
holders or d irectors how  th a t profit shall be pro
duced. N o stockholder has y e t been discovered who 
raises a n y  question as to  th e  source of profits so long 
as th e y  are large. T h e relations betw een th e am ount 
of real m oney in vested  and the profits accruin g th e re
from  h ave long since been subm erged in w ater— the 
un iversal so lven t for excessive profits. T h e position 
of th e m anager under such conditions is tr u ly  dis
tressing and blam e attach es m ore to  th e people and 
p ractices w hich have m ade it  necessary for him  to  
fo llow  th e chances for th e  greatest p ro fits 'rega rd less 
of all eth ical considerations.

T h e recent reductions in th e tariff on m any products 
and th e rem oval of th a t  sed u ctive prospect from  the 
field of p ro b ab ility  for increasing profits w ill un do u bted ly  
resu lt in stim ulatin g interest in th e scientific stu d y  
of processes and  products as the m ost lik e ly  m eans 
of m ain tainin g earnings. T h e loss of th is tariff pro
tectio n  will, in th e end, exert a great stab ilizin g  in 

fluence on our in dustria l developm ent. T h e protec" 
tion  of in d u stry  b y  flim sy artificial regulations is 
sooner or la ter  bound to  collapse, and th e  wiser course 
w ould  be to  build  upon stronger foundations. It  
m a y  ta k e  som e tim e for m anufacturers who have en
jo y e d  ta riff protection  to  realize th a t relief from  their 
present predicam ent m a y com e th rou gh  a more sys
te m a tic  application  of research m ethods b u t u ltim ately, 
a fter th e hope of increasing profits b y  the political 
route has been en tirely  elim inated, th e y  will turn  to 
the scientific m ethod.

T h e control and  use of the im m u table  law s of nature 
o b vio u sly  offer a more stab le  basis upon which to 
build  and a m ore uniform  source of profit th an  any 
stru ctu re b u ilt upon artificial conditions created by 
legislation.

T h e q u a lity  of m an y of our m an ufactured  products 
is n ot up to  the highest stan dard, b u t the demand 
has been so pressing th a t  th e goods h a ve  been ac
cep ted  in sp ite of their defects. M a n y  concerns spend 
alm ost as m uch tim e and m oney in  m aking their 
goods s ta y  sold as th e y  spend on th eir m anufacture. 
W e all kn ow  th a t it  is an occasion for com m ent and 
often  con gratu lation  when a piece of m achinery is 
delivered w hich is cap able of being p u t into use w ithout 
disclosing fu n dam en tal defects in  design, arrange
m ent, construction  or m aterials. A  d elivery  of supplies 
w hich does n ot occasion com plaints, endless corre
spondence or p ro b ab ly  ad ju stm en ts is a curiosity  irt 
some industria l w ork.

T h e q u a lity  problem  is b y  no m eans settled  in our 
industries and before we reach th e saturation  point, 
of our dom estic m arkets and a ttem p t to  branch out. 
in to  foreign  trad e in  com petition  w ith  th e skill and 
w orkm anship of other nations, we shall h ave to solve- 
it. C u t-a n d -try  m ethods for th e  design of equip
m ent, w hich result in such m onstrosities as a ten-foot, 
vacu u m  pan w ith  a four-inch va p o r ou tlet, a machine 
where th e sam e sized sh a ft is used th rou gh ou t regard
less of the fa c t th a t  the w orking load  ratio  in different 
parts of th e m achine is 45 to  1, and other misfits, 
too  num erous and well know n to  m ention, will have 
to  be replaced  b y  scien tific m ethods. T h e  superlative 
claim s of a d vertisin g  m anagers and th e “ talking 
p o in ts”  of salesm en, w hich th e y  often  ad m it are not 
n ecessarily  points of m erit, w ill a va il for a tim e but 
th e b u yer is slow ly  aw aken ing to  th e  fa c t  th a t he is- 
b u yin g valu e and th a t  there is a definite relation be
tw een  value and price.

T h e q u a lity  and va lu e  of a p rod u ct are based upon 
th e  application  of correct principles in  its conception, 
prep aration  and use, and these correct principles can 
be established on ly  b y  scientific in vestigation . It is 
difficult to  see how su b stan tia l progress can be made 
in  th is direction  w ith ou t such stu d y.

M a n y  m anagers ta k e  th e position  th a t th ey  will 
n ot in stall research laboratories for the purpose of 
developin g th eir in d u stry  because th e y  can purchase.
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from  abroad or elsewhere ready-m ade im provem ents 
and developm ents w ith ou t ta k in g  th e risk of the 
experim ental expenses. T h is p o licy  is p racticed  b y  
a num ber of w ell-know n corporations. Its  wisdom  
m ay never be determ ined because it will be im possible 
to decide, when successful, w hether its success de
pends upon th e m ethod or upon superior ad va n ta ge  
from  other causes. I t  seem s fair to  assum e, how ever, 
th a t the chances are again st successful business ad 
m inistration on th is policy. T h e risk of not finding 
new developm ents or of n ot h a vin g  an op p ortu n ity  
to purchase them , m ay result in losses m any tim es 
greater than  th e expense of m ain tainin g research 
departm ents.

T h ere are problem s in industria l w ork W'hich are 
com m on to  all in dustries in  a certain  field or to  a large 
group of industries in  th e sam e field in w hich coopera
tion in research w ould benefit all alike. I refer p a r
ticu larly  to such problem s as the disposition of w astes 
from  dye-houses, paper m ills, gas w orks, the sm oke 
nuisance problem  w hich is im p ortan t to  all steam  pow er 
using industries, flue dust from  sm elter stacks, flue 
dust from  p yrites burners, cem ent dust from  cem ent 
mills, etc.

It is easily  con ceivab le th a t  a num ber of concerns 
in sim ilar or id en tica l fields m ight cooperate for the 
investigation  and th e developm ent of com m on prob
lems for the equal benefit of all concerned and  prob ab ly 
the sa lvation  of the in d u stry  itself. Such cooperation 
is now being b rought abou t in  a m easure b y  the scien
tific societies and organization s represented in differ
ent industries. F or exam ple, th e M ichigan  G as 
Association supplies funds for th e in vestigation  of 
problem s in gas m anufacture com m on to  th e con
stituent m em bers of th a t organization . T h e Am erican 
Tann ers’ A ssociation  is con ductin g in vestigation s 
com m on to  th e  tan n in g in d u stry, and other societies 
are show ing a d isposition to  cooperate on research 
problem s. S u b stan tia l progress on coop erative re
search w ill n ot be m ade b y  th e technical societies, 
however, on accou n t of the lim ited  m eans at their 
disposal and th e com p a ra tiv ely  large num ber and 
m agnitude of the problem s.

If industrial concerns were to  com bine for the support 
of specific in vestigation s on problem s of com m on 
interest, great progress m ight be m ade. T h e elem ent 
of desiring to m onopolize all of the results and to  en
joy some exclusive ad va n ta ge  over p articip an ts b e
cause th e y  are business com petitors w ould have to  
be en tirely  elim inated  and m anagers would be obliged 
to ta k e  a broader and m ore com prehensive v iew  of 
their problem  and its purpose th an  a t present. W e 
have discussed th e fea sib ility  of th is plan w ith com 
peting interests in a num ber of cases and have fre
quently  had th e proposition  pied b y  th e insistence 
upon th e p a rt of som e m anagers th a t his com pany 
would not be interested  in a developm ent th a t  it  could 
not m onopolize. C oop eration  on th e  part of several 
and a m onopoly of the results b y  one is an insoluble 
problem from  th e stan dp oin t here proposed.

It is n ot n ecessary or even  desirable th a t th e  re
sults of coop erative research be throw n  open to  pu b 

lic use. Such results should be and rem ain th e ex
clusive p rop erty, for a lim ited  period at least, b y  
p a te n t or otherwise, of those who con trib ute to  the 
developm ent. T here is a lready, esp ecially  in this 
cou n try, too  little  regard  and protection  for th e rights 
of pioneers who h ave spent their m oney and tak en  
their chances in order to  further industrial develop 
m ent. A n y  schem e which w ould open greater op
portun ities to  industria l p iracy  w ould be disastrous 
to developm ent, and successful cooperation  on specific 
research problem s of com m on interest w ould h ave to 
carry  w ith  it  a p lan  for the protection  of the rights 
of the developers. T h e right to cooperate in th e re
searches should not be denied to  a n y  one to  whom  
th e  results w ould be of value, b u t the o p p ortu n ity  
for p iratin g th e results w ith ou t proper com pensation 
should be denied.

T h e  Sherm an law  has been cited  as a legal obstacle 
to  th e  developm en t of coop erative research. T his 
law  w as en acted  for th e preven tion  of m on opoly in 
restrain t of trade. T h e preven tion  of industrial de
velopm ent w as certa in ly  not contem plated , and it 
is dou b tfu l if such a construction  could ever be put 
upon its  provision. W ell inten ded law s are som etim es 
d iverted  to stran ge uses and alread y we are confronted 
w ith  th e  distortion  of this law  in w ays ca lcu lated  to 
produce political effect. T h e sun dry civil bill passed 
b y  the last congress provided  $300,000 for prosecuting 
com binations under the Sherm an law  b u t carried an 
additional provision, th e m otive for w hich can not be 
m isunderstood, th a t none of th e m oney w as to be used 
in prosecuting com bin ations of lab or or com binations 
of farm ers.

If b y  a n y  con ceivab le in terp retation  or m otive the 
Sherm an law  should be construed as p reven tin g the 
cooperation  of industrial in stitution s in th e s tu d y  of 
scientific and engineering problem s of m utual interest, 
it is our d u ty  to  show  th e m alin terpretation  of the 
law  and in d icate proper am endm ent. If chem istry 
is to  be regarded as an im p ortan t profession its or
gan izations m ust consider affairs affecting its interest 
and th e interests of its  industria l constituen ts. C h em 
ists and engineers h ave stood until recen tly , w ith ou t 
protest, rid iculous abuses in our p aten t law s and p rac
tices. A s soon as th e y  con cen trated  their efforts 
on needed reform s th e Suprem e C o u rt recognized 
the ju stice  of their protests, recast the rules of 
practice, and now we are looking forw ard to  a revision  
of th e p a te n t law s which w ill b etter p rotect th e in 
terests of the professions concerned.

I t  has been said  th a t th e m ost im p ortan t step in 
inven tion  is to realize a need. If  th e chem ical pro
fession will realize the need of m ore scientific stu d y  
of industrial problem s and th e great possibilities of 
cooperation  in th e stu d y  of specific problem s b y  in 
terested  industrial groups it  is our d u ty  to  discover 
the w a y  for th e accom plishm ent of this need.

T H E  C O N T R O L  O F P U B L IC  U T IL IT IE S

U p to the beginning of th e leg is lative  sessions of 
1913, fourteen  states— W isconsin, N ew  Y o rk , M a ry 
land, N ew  Jersey, V erm ont, Ohio, W ashington,
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C alifornia, N evad a, Oregon, K an sas, N ew  H am pshire, 
C o n n ecticu t, and R hode Island— had established 
com m issions for th e control of public utilities. M assa
ch usetts d ivided  m any of the sam e powers am ong 
three com m issions, and several states ga v e  a part 
of the sam e powers to  other com m issions, such as, 
for exam ple in O klahofna, to the corporation  com 
missions.

F ollow in g considerable agitation , eight states—  
In dian a, Illinois, C olorado, M issouri, M ontan a, Idaho, 
P en n sylvan ia , and W est V irgin ia— created  public 
utilities com m issions during the leg islative  sessions 
of 1913. M assachusetts conferred th e duties of the 
h igh w ay com m ission relatin g to  telegraphs and te le
phones and th e  duties of th e railroad com m ission upon 
a new public service com m ission; Ohio redrafted  th e 
public u tility  com m ission law , g iv in g  additional 
pow ers esp ecially  relatin g  to  va lu ation  and to  stock 
and bond issues; and New' H am pshire am ended her 
law  b y  giv in g the com m ission power over accounting, 
including depreciation. In  each case th e com m ission 
is m ade ap p o in tive  b y  th e governor.

T hese law s un iform ly require th a t public u tilities 
shall g ive  ju st and reasonable service at a ju st and 
reasonable rate, and in  m ost states th e com m issions 
are g iven  am ple pow er for in vestigation  and enforce
m ent. T h e  m unicipal u tilities placed under control 
in th e different states are m ain ly heat, light, w ater 
and pow er com panies, street railw ays, and telephone 
and te legrap h  com panies. In m ost of th e states,

T H E  P R O T E C T IO N  O F  IR O N  A N D  S T E E L  B Y  P A IN T  
F IL M S

By N o r m a n  A. D u b o is  
Received October 4, 1913

T h e theories of corrosion of iron and steel which 
have received consideration  and which still seem  to 
have their defenders and opposers are in terestin g to 
note. T h e carbo n ic  acid  th eory  in brief requires 
the presence of carbonic acid to sta rt corrosion. T h e 
peroxide th eory  supposes th a t  hydrogen  peroxide is 
form ed in the presence of m oisture and oxygen, and 
th a t th is hydrogen  peroxide causes corrosion. T h e 
electro lytic  th eory  assum es th a t iron passes into  solu
tion  in w ater in th e form  of a ferrous ion before it 
can oxidize. A  more or less com plete discussion of 
these theories m ay be found in th e various journals 
and other publications. I t  is not the purpose of th is 
paper to  discuss them .

From  the stan dp oint of th e paint techn ologist 
the problem  is th a t  of finding th e pain t film which w ill 
enable him  to  p rotect the exposed surface of iron and 
steel from  the various rusting influences for the longest 
possible tim e. T h e theories of corrosion and num er
ous discussions of them  h ave been of inestim able value, 
and the proper in terpretation  of them  has enabled 
th e p ain t techn ologist to  im prove his p ain t film. 
L et us b riefly  consider these theories from  th e stan d 
point in question.

railroads, other com m on carriers and sim ilar services 
are also controlled.

D iscrim ination  is prohib ited  in service and rates; 
free service to a n y  b u t certain  excepted  classes is 
prohibited , and, in all b u t W est V irgin ia, issues of 
sto cks and bonds are p laced under th e regulation  of 
th e com m ission; uniform  accoun ts are provided for, 
e ith er in a m an d atory  or op tion al w a y, and valuation  
of th e p rop erty  used and useful for the convenience 
of th e public is authorized  in n early  all of the states. 
In In dian a and Ohio such va lu a tio n  is required. 
In alm ost ev e ry  sta te  m un icipally  ow ned utilities are 
su b ject to  th e  sam e regulation s as others. The 
law s m ake no exceptions for hom e rule. A  strong 
effort w as m ade in Illinois to  excep t C h icago  from  the 
law , b u t it failed . I t  m ay be said in  general th a t the 
s ta te  com m ission is suprem e in m ost m atters over the 
m unicipalities, although m uch pow er is le ft to the 
la tter  to regu late  and control. T h e cities grant 
franchises and regulate b y  con tract or otherwise 
th e service and condition  of occu p yin g of th e streets. 

*In In d ian a  th e indeterm inate perm it is provided for 
after the m anner of th e W isconsin law .

A  consideration  of th e new public utilities acts 
shows th a t there is a ten d en cy to g iv e  real powers to 
th e com m issions. W ith  th e excep tion  of the laws 
passed in M assachusetts and W est V irgin ia, the acts 
of th e y ea r represent n early  all of the best w hich have 
been dem on strated  to be em p irically  good in other 
states. ' W . A . H a m o r

T h e carbonic acid  th eory  requires th e  presence of 
carbonic acid th a t  corrosion m ay proceed. In other 
w ords, considering a p ain t film p rop erly  applied over 
the surface of iron and steel it  requires th a t carbon 
dioxide shall pass through th is film, and also that 
w ater, eith er as such or in th e form  of aqueous vapor, 
shall pass through th e film, and there in conjunction 
w ith the carbon  dioxide react as carbonic acid. The 
im perviousness of th e  p ain t film  to  carbon dioxide 
gas and to  aqueous vapor, then, is th e v ita l quality 
from  th e stan dp oin t of this th eo ry. T h e more im
pervious th e ' p ain t film to the gases carbon dioxide 
and aqueous vap o r, th e longer it w ill p ro tect the iron 
or steel from  corrosion.

T h e peroxide th e o ry  requires the form ation  of hy
drogen peroxide on th e surface of th e iron or steel. 
C onsidering a paint film prop erly  applied over the 
surface of iron or steel, therefore, th is means that 
th e less pervious th e p ain t film is to  th e gases oxygen 
and aqueous vap o r, th e sm aller w ill be the quantity 
of hydrogen  peroxide form ed on th e surface of the iron 
or steel, and the longer it  w ill p rotect the iron or steel 
from  corrosion.

T h e e lectro ly tic  th e o ry  requires th a t  iron first pass 
into solution  in w ater as ferrous ion, and th at it is 
then acted  upon b y  oxygen  dissolved in the water or 
b y  carbon dioxide and w ater to form  rust. Again 
considering a pain t film  prop erly  applied  over iron or-
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steel th is th eory  requires th e presence of w ater in which 
the iron m ay dissolve to form  ferrous ions. O bviously, 
the o n ly  w ay  th e w ater can get to  the iron or steel is 
to pass through th e paint film, as such, or in th e form  
of aqueous vapor. If we suppose the ferrous ions have 
been form ed, th e action  can go no further in the ab 
sence of an oxidizing agen t, presum ab ly oxygen, 
which in  turn  m ust get through th e pain t film. T he 
reasoning for the presence of other gases is sim ilar. 
W e find, therefore, th a t for corrosion to  proceed a c
cording to  th e e lectro ly tic  th eo ry  i he gases, aqueous 
vapor, oxygen, or others m ust pass through th e paint 
film, and as in th e  other cases, th e m ore im pervious 
the p ain t film  to  gases and m oisture, th e longer it will 
protect the surface of the iron or steel from  corrosion.

T h is is b u t to  conclude th a t th e pain t film  which 
will serve for the longest tim e as a protection  to iron 
or steel again st corrosion is th e one which is the least 
pervious to  aqueous vap o r, th e gases oxygen  and carbon 
dioxide, or in fa ct a n y  gas in the surrounding atm osphere 
which m a y  in a n y  w a y  cause or accelerate corrosion.

If we assum e th e corrosion to  be en tirely  due to 
the deterioration  of the p ain t film  rath er than  to  its 
perm eab ility  to  aqueous vapo r and other gases, the 
same conclusion holds, as the rate  of deterioration  will 
be proportional to  the perm eab ility  of th e film  to the 
deteriorating elem ents.

T h e e lectro lytic  th e o ry  of corrosion has given  rise 
to a division  of pigm en ts into three classes: corrosion 
accelerators, corrosion inhibitors, and inerts. W hile 
these pigm ents seem to g iv e  results as predicted  b y  
this th eo ry  in th e presence of abundance of w ater or 
when the iron or steel is a ctu ally  im m ersed in w ater, 
it does not necessarily follow  th a t  th e y  will do so, 
to a like exten t a t least, when incorporated  in a paint 
film where conditions are m uch different.

Assum e, for instan ce, th a t  our paint film  is som e
w hat pervious to aqueous vap o r and other gases. 
It follow s th a t  ju st as m oisture m ay enter to  the iron 
or steel surface and perhaps give conditions under 
which the e lectro ly tic  th eory  m ay a p p ly  when outside 
conditions are dam p, th is m oisture m ay also pass 
from th e steel surface outw ard  when outside conditions 
are dry, and th us leave  th e steel surface dry in which 
case th e e lectro ly tic  th e o ry  can n ot possibly  apply. 
As a m atter of fa ct, the actu al conditions existin g on 
the surface beneath  th e  p ain t film, in m ost instances, 
are very  p ro b ab ly  betw een  the tw o extrem es of som e
w hat dam p and n early  d ry, and th is is far from  being 
covered w ith  an abun dan ce of w ater a t all tim es, 
the conditions under w hich th e electro lytic  th eo ry  seems 
to work out well. T h is  reasoning is borne out b y  the 
fact th a t a piece of b righ t steel im m ersed in w ater 
containing a little  zinc chrom ate in suspension will 
remain brigh t perhaps indefin itely, while th e same 
pigment in a p ain t film under ord inary conditions 
will not p rotect th e steel in  a like m anner.

Again, tw o  paints com posed of th e sam e vehicle, 
but the first contain ing a so-called corrosion accelerator 
only, painted  on a steel surface in a lo ca lity  of ordi
nary dryness w ill ou tlast to  a great exten t the second 
containing a rust in h ib itive  pigm ent painted  on a

steel surface in a lo ca lity  h a b itu ally  v e ry  dam p.
T h is reasoning seems to indicate and the evidence 

seem s to bear out th e conclusion th a t the problem  of 
iron and steel preservation  is rath er to  be solved b y  
m akin g our paint film as nearly im pervious to  gases 
as possible, th an  b y  try in g  to preven t corrosion b y  
the addition  of th e so-called in h ib itive  pigm ents.

T h e problem  is a ph ysical one rather th an  a chem ical 
one, and a com parison of paint films as to  their rela
tiv e  obstruction  to the diffusion of gases w ill tell more 
regardin g their valu e as protection  against corrosion 
th an  a s tu d y  of th e in h ib itive  action  of their pigm ents. 
T his is n ot to  sa y  th a t  the in h ib itive  prop erty of 
certain  pigm ents is not w orth consideration, b u t the 
im perviousness of th e films is of far greater im portance.

T h e w ork to be described here was carried ou t for 
th e purpose of determ ining w hether a special form ula 
pain t m ade according to the foregoing principles, 
em b odying diffusion retarders, w ould not ou tlast in pro
te ctin g  qualities those m ade according to  the form ulas 
accep ted  as first q u ality  paints for their respective 
purposes.

Our prim e o b ject is to  m ake th e film as im pervious 
to  gases as possible. T h is m ay be accom plished 
to  a certain  exten t b y  special treatm en t of the vehicle 
and b y  incorporating special pigm ents and pigm ent 
com b'nation s. I t  is well know n th a t a film from  
th e oxidation  of pure linseed oil, i. e., a film of linoxin, 
is m ore or less perm eable to  m oisture and gases. It  
is m ore or less porous. If  other oils or gum s, or sim ilar 
m aterials, can be in corporated  w ith  the linseed oil 
to form  a hom ogeneous mass w hich as a whole acts as 
a perfect vehicle as regards com p a tib ility  of properties, 
it  is readily  understandable th a t such treatm en t m ay, 
to  an extent, fill the interm olecular spaces betw een 
th e linseed oil m olecules, ju st as in  other cases of solu
tion, a lloy, or m ixture; and th is com pound vehicle 
will be more dense, will leave a film  w hich offers more 
resistance to  th e diffusion of gases, and will, th ere
fore, protect th e iron and steel for a longer tim e (as
sum ing other th in gs equal) th an  a film which has not 
been trea ted  in th is w ay.

A  B C D E

P l a t e  I — S t e e l  P a n e l s  P a i n t e d  w i t h  P a i n t s  o p  S a m e  F o r m u l a  
E x c e p t  O n e  C o n s t i t u e n t  o p  t h e  V e h i c l e

P late  I shows five steel panels w hich, a fter thorough 
cleaning w ith hot 10 per cen t solution of sulfuric 
acid for tw e n ty  m inutes, w ashing b y  im m ersion in 
d ilute caustic solution, th o rou gh ly  w ashing w ith w ater, 
and q u ick ly  dryin g, were painted  as follows. A ll 
paints were of th e sam e form ula, w ith th e  exception  
of one con stituen t in the vehicle.
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P an el A  is a pure linseed oil vehicle.
Panel B contains 5 per cent of K a u ri m ixing varnish  

in  the vehicle.
Panel C  contain s 10 per cent of K a u ri m ixing varnish 

in th e vehicle.
P an el D contains 20 per cen t of K a u ri m ixing varnish 

in the vehicle.
Panel E  contains 30 per cen t of K a u ri m ixing varnish 

in th e vehicle.
These were exposed in a closed box w ith a glass 

fron t, in order th a t th e conditions cou 'd  be carefu lly  
w atch ed. O xygen  and the corrosion accelerating 
gases in the atm osphere were passed into the box 
through wash b ottles, to  insure a slow b u t ste a d y  cu r
rent, and a sm all q u a n tity  of steam  w as adm itted  
to  keep th e atm osphere w ithin  the box a lw ays ve ry  
m oist, b u t not sufficient to  raise th e tem perature 
m aterially . T h e  panels were exam ined from  d a y  to  
d a y , and rem oved when it  was judged  th a t further 
exposure m ight ob literate  the tru th s for which we 
were seeking.

It is v e ry  evid en t th a t the panels at both ends have 
failed  before those betw een. A  relation  m ay also 
be seen betw een  the duration  of protection  and the 
q u a n tity  of K a u ri m ixing varnish in the vehicle. 
T h e protectin g qualities increase w ith the per cent 
of K a u ri m ixing varnish to  a certain  point, and then 
fall off again  as the percentage of K a u ri m ixing varnish 
is increased beyond this point. T h is seem s to  indicate 
a definite point of m axim um  sealing effect for this 
p articu lar m aterial.

A n other illustration  of m aking a p ain t less pervious 
and therefore a b etter protection  against corrosion, 
is the proper choice of pigm ents. R ed  lead and linseed 
oil have been long looked upon as the best prim er for 
iron and steel. T h is  m ay be true, b u t is it  not possible 
to  im prove th is red lead aiid linseed oil w ith ou t seri
ou sly  changing its n ature and obtain  a film  which 
is less pervious to  gases and m oisture and th ereby 
protect the iron and steel even more effective ly  than

m um  voids, to  produce a red lead prim er, w hich has 
all the a d van tages of the trad itio n al red lead and lin
seed oil, and is a t the sam e tim e less pervious, and 
therefore a b etter protection  again st corrosion.

P late  II shows a series of pairs of steel panels, 
w hich h ave been cleaned in th e usual m anner with 
acid, etc. B o th  A  and B of each pair were painted 
w ith  the sam e second coat pain t, and each pair w ith a 
different second coat paint, w hile A  of each pair was 
prim ed w ith  a special red lead pain t, form ulated  , ac
cording to the principles ju st m entioned, and B of 
each pair w as prim ed w ith red lead  and linseed oil 
m ixed according to  a form ula considered to give the 
best results obtain able a fter m any years of practical 
pain tin g under more or less adverse conditions of mois
ture and corrosion acceleratin g gases. A ll the panels 
were painted  in ex a ctly  th e sam e m anner on the same

P l a t e  I I — P a i r s  o p  S t e e l  P a n e l s  
A’s primed w ith special red lead p a in t 
B ’s prim ed with usual red lead pa in t 
All painted w ith same second coat paint.

will the red lead  and linseed oil? If we shake off some 
of the traditional bonds and a p p ly  the teachings of 
more recent scientific in vestigation  we find it possible 
b y  using the foregoing principles and the proper 
choice of particle sizes, m aking use of the law  of m ini

P l a t e  I I I — P a i r s  o f  S t e e l  P a n e l s  P a i n t e d  w i t h  S o - c a l l e d  R u s t  
P r o o f  P a i n t s  

A’s primed w ith special red lead pa in t 
B ’s prim ed w ith ru st proof pa in t 
All second coats of ru st proof pa in t

d ay, allow ed the sam e tim e to d ry  betw een coats 
and also a fter th e second coat, and exposed as previously 
described a t th e  sam e tim e and for th e sam e length 
of tim e. Since the second coat on A  and B is the same 
in each instan ce its  effect has n othin g w hatever to 
do w ith  th e com parison, th is being dependent entirely 
on th e difference in th e red lead  prim ing paints on A 
and B. I t  can be seen at a glance th a t th e special red 
lead  p ain t on A  has g iven  a m uch m ore efficient pro
tectio n  th a n  th a t  m ixed according to  th e prevailing 
custom  on B. O ne hundred and tw e n ty  comparison 
panels were; exposed in th is test and in every  instance 
-panel A  show ed a b etter film  th a n  did panel B.

L astly , let us ta k e  up for a brief space th e incom
ing of the th ron g of fa n ta stic a lly  nam ed " p a in t s ” 
w hich h ave been p u t on the m arket w ith  claim s equally 
as fa n ta stic . M a n y  of these h ave been claim ed to 
p rotect th e iron  and steel as a prim er and as a second 
coat b etter th an  a n y th in g  on the m arket. I t  is only 
n ecessary to  refer to P la te  I I I ,  which is a photograph 
of som e pairs of steel panels prepared as before men
tion ed and p ain ted  w ith  a num ber of so-called rust 
in h ib itive  or rust proof paints. On panels marked 
B was painted  tw o  coats of a paint, and on panels 
m arked A  one coat o f th e  sam e p ain t over a priming 
coat of the special red lead  paint form erly mentioned. 
As a different p ain t is on each pair there are as
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m any different paints as there are pairs of panels.
I t  is readily  seen th a t  th e tw o coats of an y of these 

pain ts, B , do n ot p rotect as well as where it  is applied 
over th e special red lead prim er, A .

B lue lead seem s to  h ave certain  properties ve ry  
sim ilar to red lead when used in a paint for the prim ing 
of iron or steel, and in fa ct it  is v e ry  possible th a t it  
m ay be fu lly  as good for this purpose as red lead, 
when prop erly  used, if not better. E xperim ents 
are now being conducted  b y  th e w riter to  determ ine 
these relations.

R e ce n tly  the idea has been set forth  th a t certain 
pigm ents are rust in h ib itive  b y  v irtu e  of their alkaline 
qualities. F u rth er in v estig a tio n  seem s necessary to 
determ ine w hether it is sim ply th e  a lkalin e properties 
of these p igm en ts considered as a rust in h ib itive  only 
w hich endow s the pain t film  w ith  superior protectin g 
qualities.

T h e suggestion  m ay n ot be out of place th a t  the 
basic properties of certain  pigm en ts enable them  to 
a tta c k  the vehicle to  a sufficient exten t to  form  a 
sm all q u a n tity  of m etallic soap w hich acts as a b in d
ing m aterial betw een  th e  p igm en t particle  and the 
linoxin, th us offering a greater obstruction  to  the 
passage of d isintegrating elem ents betw een p ig
m ent particle and veh icle ; or perhaps actin g as a diffu
sion retarder in  th e linoxin.

I t  is not th e inten tion  of the w riter to point out the 
shortcom ings of a n y  p a rticu la r brand of paint or 
th eory, b u t sim ply to g ive  results of experim ent and 
in terp retation  of th e sam e w ith  a v iew  to  bettering 
th e p ain t conditions for all concerned.

In  conclusion then, it  w ould  seem  th a t w hatever 
the correct th eo ry  of corrosion m a y  be, it  is of first' 
im portance to  th e p ain t techn ologist to  construct 
his film in such a m anner as to exclude gases and m ois
ture to  th e greatest possible exten t, as w ithout these 
no corrosion can p ossibly ta k e  place.

L a b o r a t o r i e s  o p  t h e  G o r d o n - H i t t l  C o .
B o s t o n

T H E  O L E O R E S IN S  O F  JE F F R E Y  A N D  S IN G L E L E A F  P IN E S

By A. W . S c n o R G E R  

Received Septem ber 25, 1913
T h e F orest Service for a num ber of years has been 

in vestig a tin g  the possibilities of u tilizin g  various species • 
of conifers for th e production  of n av al stores. T h e 
follow ing w ork on Jeffrey and singleleaf pines is a 
continuation  of th e exam ination  of the oleoresins 
obtained during th e tap p in g experim ents. T he methods 
of analysis em p loyed  and th e results obtained in 
the exam ination  of other species will be found in an 
other p u b lica tio n .1 •

T h e oleoresins of th e pinon pine1 (P in u s edulis, 
Engelm ) and singleleaf pine (P in u s monophylla, Torr, 
and Frem .) are sim ilar in  com position, appearance, 
and odor. B o th  oleoresins contain  large resin acid 
crystals and h ave a pun gent characteristic  odor. 
The vo latile  oils of th e tw o species consist m ainly 
of a-pinene and th e sesquiterpene cadinene is found 
in the higher boiling portions. In  addition, jS-pinene

1 "A n  Exam ination of the Oleoresins of Some W estern Pines,” by 
A. W. Schorger, Forest Service, Bull. 119.

and p rob ab ly  lim onene1 occur in the oil from  P in u s  
edulis while lim onene occurs in the oil of P in u s monophylla.

A tten tio n  has been p revio u sly2 called  to th e  con
fusion caused b y  la ck  of an exact know ledge of the 
species y ield in g heptane. T h e source of this substance 
has been va rio u sly  ascribed to  one or more of th e fo l
low ing species: W estern  yellow  pine (P . pondcrosa,
L aw s); digger pine (P . sabiniana, D ou gl.); and Jeffrey 
pine (P . je jjrey i). I t  has been p rev io u sly 2 shown 
th a t the oil from  P in u s pondcrosa does not contain  
heptane and th a t the oil of P in u s sabiniana  consists 
of n early  pure heptane. I t  is now possible to con
firm  th e w ork of B la sd a le3 and W en zell4 since exam ina
tion  of au th en tic  sam ples of the oleoresin of P in u s  
je jjrey i has show n th a t the oil consists largely  of norm al 
heptane.

T h e la ck  of uniform  d a ta  in th e literatu re regarding 
th e resin acids is m uch to  be regretted . The m elting 
poin t of abietic  acid  from  colophony varies from  1 3 s 05 
to  16 5 °.6 T sch irch 7 states th a t A m erican  colophony 
contains a-, /S-, and y-a b ietic  acids m eltin g a t 155°, 
158°, and 1 5 3 -1 5 4 0, resp ectively , and then  obtains 
abietic  acid, m eltin g point 16 6 -16 7 °, from  rosin o il.8

L eu ch ten berger,9 w orkin g under Tschirch , exam ined 
th e colophony of P in u s jejfreyi. E xtra ctio n  of an 
ether solution of th e colophony w ith  one per cent 
(NH.O2CO3 ga v e  four per cen t of a-Jeffropinic acid, 
C10H14O2, m. p. 16 0 -16 1° ; nine per cent /3-Jeffropinic 
acid, CisHisOo, m. p. 8 1-8 2 °. E xtra ctio n  w ith  one 
per cen t N a2C 0 3 solution ga v e  35 per cent a-Jeffro- 
pinolic acid, C14H20O2, or C u H 2202, m. p. 1 1 7 - 1 1 8 ° ;
38.2 per cent /3 -Jeffropinolic acid, C h H 2o02, or C1.1H22O2, 
m. p. 77—78°. T h e acid  isolated  b y  the author from  
the oleoresin of P . je jjrey i m elted a t 1 7 0 -1 7 1 ° . T h e 
silver sa lt contained 26.16 per cen t of A g , agreeing 
w ith  th e form ula C20H30O2. T he acid  from  th e  colo
p h on y m elted a t 13 7 -8 °  crysta llized  from  acetone 
and 14 5 -6 °  crysta llized  from  acetone and hydrochloric 
acid. a-Jeffrop inic acid  requires 3 9 . 5 1  per cent 
A g  and a-Jeffropinolic acid , C1.1H20O2, requires 32.98 
per cent A g. T o  ob tain  acids of this form ula it  would 
be n ecessary for th e resin crysta ls  existing in the oleo
resin to  undergo profound alteration  in heatin g to  
14 5 0 C . w hich is not borne ou t b y  experience. T h e 
action  of acids and alkalies has a m aterial effect on 
th e m eltin g point of th e resin acid. V a le n te 10 o b 
tain ed  an acid  from  French  colophony m eltin g in 
the crude sta te  a t abou t 160°. W hen purified b y  
solution in  d ilute sodium  carbonate and p recip itation  
w ith dilute sulfuric acid, th e resin acid  m elted a t only 
146-148°.

E X P E R IM E N T A L
Oleoresin of P in u s monophylla

Oleoresin.— A n alysis of th e crude oleoresin ga v e
1 Loc. cit., 29.
5 “ An Exam ination of the  Oleoresins of Some W estern P ines,” by 

A. W. Schorger, F o rest Service, Bull. 119.
* Blasdale, J . A m . Chem. Soc., 23, 162-4 (1901).
< Wenzell, Pharm. Rev., 22, 408-14 (1904).
* Fliickiger, J . Prakt. Chem., 101, 235 (1867).
8 M aly, Silzungsber. d. k. Akad. d. Wis. zu W ien, 44, 121 (1861).
7 “ Die Harze und die H arzebehalter,” 2nd ed., 1906, p. 660.
« Arch. Pharm., 245, 1 (1907).
» Ibid., 245, 701-7 (1907).

10 A tti della R . Accad. dei Liticei, 1, [4] 13 (1884).
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th e follow ing percen tages: V o latile  oil 19.00 per
cen t; colophony (grade N) 79.63 per cen t; trash, 
needles, b ark, etc., o . n  per cen t; w ater 1.26 per cent.

Volatile oil.— T h e properties of th e oil were as fo l
low s: d 15o 0.8721-0.8733; n 1,,60 1.4 732-1.4 733; a 2D°
+  14 .4 1° to + 1 7 .2 6 ° . F ive  hundred gram s of the 
oil gave th e follow ing results on fraction ation :

Tem p, (corr.) 
° C.

D istillate 
observed 
Per cent

D istillate 
cum ulative 

Per cent dw° nir
15^.9-156.9 4.75 4.75 0.8602 1.4674

157.0 10.25 15.00 0.8603 1.4676
157.1 10.25 25.25 0.8602 1.4677
157.2 10.20 35.45 0.8599 1.4678
157.4 10.33 45.78 0.8598 1.4679
157.8 9 .94 55.72 0.8594 1.4680
158.2 9 .80 65.52 0.8588 1.4680
160.0 10.52 76.04 0.8576 1.4685
171.8 10.07 86.11 0.8536 1.4705
190.0 3.99 90.10 0.8511 1.4818

9 .8 0 99.90
a -P in en e .— A fter repeated  fraction atio n  398.5 gram s 

of oil were obtained  boiling below  160°. T en  gram s 
of a fraction , b. p. 15 5 .5 -15 7 ° , d 15o 0.8612, a 2Dso 
+  3 S-3 6 °, g a v e  on ly  0.78 gram  (7.8 per cent) of 
pinene nitrosochloride, m. p. 99°; n itrolpiperidine, 
m. p. 118 °. T h e low  yield  of n itrosochloride is d ou b t
less due to  the high op tical rotation  of the pinene 
fraction . T h e  fraction , b. p. 160 -170 °, w eighing 
21.5 gram s was exam ined for ^-pinene w ith n ega tiv e  
results.

Livionene.— T h e lim onene fraction  w eighing 17.5 
gram s had th e fo llow ing properties: b. p. 170 -18 0 °; 
Od8“ — 1.18 °. A  crystallin e tetrab rom ide w as not 
ob tain ed  b u t a d ihydrochloride, 111. p. 49°, w as easily  
secured.

Cadincnc.— T h e residue rem aining from  the original 
fraction ation  w as distilled  from  a L aden b urg flask 
and tw o fraction s collected: (1) b. p. 200-250°, 18.5 
gram s; (2) b. p. 250-280°, 20.2 gram s; a f  +  10.58°. 
F ractio n  (2) w as found to  contain  cadinene as shown 
b y  a d ihydrochloride, m. p. 1 1 7 -1 1 8 ° . A  6.14 per 
cen t ethereal solution ga v e  a 3D5° — 2.02°. In  the 
exam ination  of d- and  /-cadinene from  various oils 
the rotation  of the cadinene dihydrochloride has a lw a y s 
been found to be n egative.

Colophony.— T h e colophony had the follow ing con
stan ts: A cid  no. 155.9 b y  d irect titra tio n ; sap. no.
163.3. W hen the colophony w as trea ted  w ith an ex
cess of N /2 alcoholic potash it  yielded 7.22 p e r c e n t  
of resene soluble in petroleum  ether. T h e colophony 
on being dissolved in acetone and allow ed to  stand 
in an ice box for a m onth deposited a mass of resin 
crysta ls. These crystals were m echanically  freed 
from  oily  im purities so far as possible, rap id ly  stirred 
in cold  acetone and the solven t decanted. A fter 
four crysta llizatio n s from  the sam e solven t, the crystals 
ob tain ed  m elted at 119 -12 0 °, and were com pletely  
liquid  a t 129°. T h e resin crystals contained in the 
original oleoresin were freed from  th e greater portion 
of the adherent oil b y  suction. T h e resulting w hite, 
w a xy  cake w as recrystallized  six tim es from  acetone. 
T h e  crysta ls  obtained  m elted at 129 -13 0 ° and were 
com p letely  liquid  a t 135°. A n alysis of the silver 
sa lt of the acid  follow s:

0.2214 gram  of silver sa lt gave 0.0590 gram  A g  = 26.65 
per cent.

S ilver ab ietate, A g (C 2oH290:.), requires 26.37 per cent 
Ag.

Oleoresin of P in u s  Jeffreyi 

Oleoresin.— T h e analyses contain ed in the follow ing 
ta b le  are of interest in th a t th e y  represent sam ples 
from  ind ivid u al trees.

Volatile Volatile oil
No.

oil 
Per cent

W ater 
P er cent

T rash  
Per cent

Colophony 
Per cent dij° nln5 °

1. . . ..1 1 .2 5 1.23 0 .46 87.06 0.7013 1.3963
2 . . . . .  8.81 1.50 0.44 89.25 0.7018 1.3958
3 . .. . .  9 .73 2.29 0.23 87.75 0.6951 1.3927
4. .. . .1 0 .9 6 1.42 0 .80 86.82 0.7110 1.4002
5. . , . .  9 .05 2.00, 0 .40 88.55 0.7008 1.4060

M ean . . . .  9 .96 1.69 0.47 87.88
Volatile Oil.— T h e properties of th e vo la tile  oils 

are given  in th e preceding tab le . T h e oils from  the 
five sam ples were m ixed and 175 gram s distilled from  
a L ad en b u rg flask w ith  the follow ing results:

D istillate D istillate
Tem p, (corr.) observed cum ulative

° C. Per cent P er cent dii° n D °
9 8 .2 -  98 .8 16.74 16.74 0.6880 1.3902

100.0 40.47 57.21 0.6889 1.3903
102.0 22.92 80.13 0.6897 1.3905
105.0 8.17 88.40 0.6906 1.3915
113.0 4.05 92.45 0.6965 1.3937

7.37 99.82
Heptane.— T h e first four fraction s am ountin g to 

150 gram s were redistilled , using a 12-inch Hem pel 
colum n w ith th e follow ing results:

D istillate D istillate
T em p. (corr.). observed cum ulative

No. ° C. P er cent. Per cent dis°
1 98. 1- 98.3 19.20 19.20 0.6878
2 98.4 40.95 60.15 0.6881
3 98.5 30.07 90.22 0.6881
T h e boiling points and specific gra vities of

fraction s are p ra ctica lly  iden tical w ith  th e constants 
of pure «-heptane.

Cilronellal.— T h e residue boiling ab ove 113 °  dis
tilled  m ain ly  betw een  200-215° C . T h e fraction  
w ith  th e la tter  boiling point w eighed 6 gram s (3.4 
per cent) and had: d]5o 0.8578; n2£° 1.4570; a 2D°° 
— 2.50°. T h e oil had a lem on odor and showed the 
follow ing properties of an ald eh yde: Com bined with
N aH SOa form ing a flocculent precip itate, reduced 
an am m oniacal silver solution, and produced a rose- 
red coloration  w ith a fuchsin solution decolorized 
w ith  S 0 2. T h e sem icarbazone obtained  separated 
as oil th a t crysta llized  a fter stan din g in the cold for 
several d ays. T h e sem icarbazone w as tw ice recrys
ta llized  from  alcohol, finally  from  a m ixture of chloro
form  and petroleum  ether. T h e crysta llin e powder 
obtained  m elted at 9 1-9 2 °. L ack  of m aterial prevented 
th e sa tisfa cto ry  form ation  of other d erivatives. C om 
parison w ith  the properties of citronellal from  Java 
lem on o il1 follow s:

Optical
Source B. p. d i s °  d d >°  rotation

Jav a  lemon o il . 2 0 5 - 2 0 8 °  0 . 8 5 6 7  1 . 4 4 7 9 1  ° d - 3 °
P inus j e f f r e y i . . . .   2 0 0 - 2 1 5 °  0 . 8 5 7 8  1 . 4 5 7 0  — 2 . 5 0 °

1 Schimmel and Com pany, Berichte, April, 1 9 0 3 ,  p. 2 1
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A c tiv e  citro n ella lsem icarbazon e, C ioH 18 : N N H C O N H j, 
m elts a t 82.5°, the racem ic form  a t 96°. From  the 
op tical rotation  of the a ld eh yde fraction  of F in n s  
je jfrey i it is possible th a t  th e sem icarbazone contained 
a sm all am ount of the a ctiv e  form  resulting in th e low 
m elting point obtained.

Colophony.— A  sam ple of “ w w ”  colophony had the 
follow ing properties: A cid  no. 147.6; sapon. no. 178.1. 
T h e rosin contain ed  12.5 per cen t of resene obtained 
in th e form  of a yellow , v e ry  stic k y , viscous syrup. 
T h e colophony crysta llized  from  acetone a fter standing 
in th e cold for several w eeks, differing in this respect 
from  th e colophony of F in n s  sabiniana. T h e crystals 
obtained  after five recrysta llization s from  acetone 
softened a t 130° and m elted a t 13 7-8 °. W hen fo l
low ed b y  a crysta lliza tio n  from  a m ixture of acetone 
and hyd roch loric  acid  th e y  soften ed a t 136° and m elted 
a t 14 5 -6 °, becom ing com p letely  liquid  a t 15 1° .

T h e resin crysta ls  ob tain ed  from  the crude oleo- 
resin m elted a t 1 7 0 -1 7 1 ° . T h e silver salt of the acid 
w as prepared and an alyzed  as follow s:
0.3926 gram  of silver sa lt gave 0.1027 gram  A g = 26.16 

per cent A g.
S ilver ab ietate, Ag(C2oH2902), requires 26.37 per cent 

Ag.
SU M M A RY

T h e vo latile  oil of P in u s monophylla contains 80- 
85 per cent ¿-a-p in en e; 4-5  per cent I- or i-lim onene; 
4-6 per cen t ¿-cadinene; losses b y  polym erization, 
etc., 4.5 per cent. T h e colophony contains 7.22 per 
cent resene and resin acids isom eric w ith abietic acid.

T h e vo latile  oil of P in u s jejfrey i contains about 
95 per cen t «-heptane and 5 per cen t of an aldehyde, 
a p p aren tly  citronellal. T h e  colophony contains 12.5 
per cen t resene and resin acids isom eric w ith abietic 
acid.

F o r e s t  P r o d u c t s  L a b o r a t o r y  
M a d i s o n , W i s c o n s i n

T H E  H Y D R O C A R B O N S  O F  U T A H 1
B y  C a r l o s  B a r d w e l l , B . A r t h u r  B e r r y m a n , T h o m a s  B .  B r ig h t o n  

a n d  K e n n e t h  D .  K u h r e  
Received Septem ber 20, 1913

A b o u t fifteen kinds of h ydrocarb on s occur in U tah ; 
the five of these occurring m ost ab u n d an tly— gilsonite, 
ta b b yite , w u rtzilite , ozocerite and rock  asphalt— are 
the ones selected  for th is in vestigation .

G ilsonite2 (uintaite) w as first described b y  B lake 
in 1885. He ga v e  it  the nam e u in taite  because of 
its occurrence in th e U inta M ountains. L ater the 
nam e gilsonite w as adopted because S. H. Gilson, 
a prospector, b rought it  into  prom inence as an article 
of com m erce. T h e deposits of gilsonite are lim ited 
to the U ncom pahgre In dian  R eservation  in U inta 
C ou n ty , being foun d in an area extendin g along the 
40th parallel for abou t 60 m iles.

T a b b y ite  receives its  nam e from  an Indian chieftain, 
T a b b y . T h e deposits are in T a b b y  C an yon , a branch 
of the D uchesne, a b ou t 8 to  9 m iles south and west 
of Theodore, U in ta  C o u n ty .

1 This work was done a t the suggestion and under the  direction of 
Dr. W. C. Ebaugh, to  whom the a u th o rs’ thanks are due.

5 Blake, Eng. M in . J „  40, 431 (1885).

W u rtzilite1 (elaterite or m ineral rubber) from  U tah 
w as first described b y  W urtz, who showed th a t it is 
a d istin ct m ineral. T h e nam e elaterite  had been used 
p reviou sly  b y  D an a and other m ineralogists to describe 
three different m inerals of specific gravities ranging 
from  0.905 to  1.223. T h e region in w hich w u rtzilite  
is found covers an area of abou t 100 square m iles be
tw e en 'In d ia n  C an yon  and S am ’s C an yon , branches of 
S traw b erry  C reek, abou t 30 m iles due north of Price, 
U tah.

O zocerite (m ineral w ax) has been know n  for m any 
years on accou n t of the econom ic va lu e of the large 
deposits in G alicia, A u stria . T h e  only other deposit 
know n to be of com m ercial valu e is th a t in U tah. 
T h is  deposit begins abou t tw o m iles w est of C olton , 
U tah  C o u n ty , and extends to  abou t four m iles w est of 
Soldier Sum m it, a distance of 12 miles. T h e belt 
is 2 m iles wide. T h is area m ay be d ivided into three 
p arts:2 (1) near C olton , on th e north side of the 
Price R iv er v a lle y ; (2) to th e east of Soldier Sum m it 
where the railroad crosses th e crest of the p lateau ; 
and (3) near M id w a y S tation , on th e north side of the 
can yon, near th e source of Soldier’s C reek.

H eretofore rock  asphalt has u sually  been called b i
tum in ous sandstone, b u t the form er nam e is grow ing 
in p o p u la rity , esp ecially  in U tah. T h e largest deposit 
in the state  lies south and east of V ernal, north of the 
W h ite R iv er and betw een A sh ley  and U in ta  va lle y s .3 
T h is deposit a tta in s a th ickness (in places) of tw e n ty  
feet, b u t at present it  is too far from  a railroad for 
successful com m ercial exp lo itation . A n other deposit 
occurs in Spanish F o rk  C an yon , southeast of T histle, 
and still other im m ense deposits are found (1) in the 
tribu taries of W hitm ore C an yo n , near Sunnyside,
(2) a t 't h e  head of W illow  C reek, a tr ib u ta ry  of the 
G reen R iv er, in th e  B ook  Cliff M ountains, and (3) 
in the L aram ie sandstones near Jensen, on the G reen 
R iv er. A  deposit of b itum inous limestone occurs 
a t the head of th e right-hand branch of T ie  F ork, 
a can yon  entering Spanish F o rk  C an yon , 2 m iles 
w est of C lear C reek  S tation . A n  area underlaid b y  
bitum inous lim estone, abou t 50 m iles long east and 
w est b y  10 m iles wide north and south, lies ju st north 
of C olton  and south of S traw b erry  C reek, extending 
from  A n telop e C reek  on the east to T h istle  on the w est.4

H IS T O R IC A L
In  review in g the literature of these substances one 

finds th a t a great deal has been "published concerning 
gilsonite and ozocerite, b u t not m uch abou t w u rtzilite, 
ta b b y ite  and rock  asphalt. D a y ,6 w orkin g w ith  g il
sonite, attem p ted  to isolate “ such single hydrocarbon s 
or their d erivatives as w ould g ive som e inform ation  
as to  the real nature of the m ineral itse lf.”  He gives 
an outline of the ph ysical characteristics, solubilities, 
etc., of gilsonite, and describes th e character of the 
residue from  each solven t as well as th e n ature of the 
dissolved portion. P roxim ate and u ltim ate analyses

1 W urtz, Ibid., 49, 59 (1890).
’ T a ll and Sm ith, U. S. Geol. .Survey, Bull. 28S, 369 (1905).
3 W igglesworth, Trans. Am . Inst. M in. Eng., 17, 115 (1888).
* Eldridge, U. S. Geol. Survey, 17lh A nn . Kept., 189S, 915, el seq.; 

22nd A nn . Rept., 1900-01, 332.
5 D ay, J . Frank. Inst., Sept., 1895, 221, et seq.
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are given . From  a s tu d y  of the d istillation  products 
of gilsonite he concludes th a t  th e oil obtained  belongs 
to  the paraffin series of hydrocarbon s, and is m ade up 
of a num ber of d istin ct substances, ju st as is p etro 
leum . He obtained  from  th e distillate vo la tile  w ith  
steam , oils w hich seem to correspond to those described 
b y  P eck h a m 1 as ob tain ed  from  C aliforn ia  bitum ens. 
T hese had an odor sim ilar to quinoline, and to  him  this 
w as an evidence of th e relationship of C aliforn ia  b it
um en and of gilsonite and of their anim al origin. 
D a y  gives also th e results of treatm en t w ith  n itric  acid  
and descriptions of th e products and their properties, 
concluding th a t  som e m em bers of the n aphthalene 
series are present.

E ld rid g e2 described th e location  of the h ydrocarbon  
deposits and the geology of th e  d istrict. H e states 
th a t the cracks in w hich gilsonite is foun d were form ed 
b y  th e gentle fo ld ing th a t produced the U in ta  V a lle y  
syncline. He describes the properties of the gilsonite 
com ing from  near th e  surface where, through atm os
pheric agencies, it  has lost its  luster and becom e pencil- 
la ted  in structure. F rom  a stu d y  of conditions he 
concludes th a t th e gilsonite foun d its w a y  into the 
fissures as a p lastic  m ass, com ing from  below  under 
pressure, and th o u gh  of high v isco sity , sufficiently 
fluid to be pressed betw een th e grains con stitu tin g 
th e w all rocks. He fra n k ly  confesses his la ck  of a b ility  
to  suggest the condition  under w hich th e gilsonite 
existed  prior to  its  flow into th e  cracks. A n  analysis 
of gilsonite b y  D a y  is q uoted as follow s:

Percentages
Volatile m a tte r ...........................................................................  56 .46
Fixed carb o n ................................................................................ 43.43
A sh .................................................................................................. 0 .10

or
C arbon ........................................................................................... 88.30
H ydrogen ...................................................................................... 9 .96
S u lfu r.............................................................................................  1.32
A sh ...............................................................................................  0 .10
Oxygen and nitrogen (undeterm ined).................................  0 .32

L o ck e ,3 B la k e ,4 R aym on d ,6 and W urtz6 describe the 
uses of gilsonite, its solubilities, m ethods for “ fluxin g”  
it, etc. T h e earlier analyses of asphalts ga v e  rath er 
large percentages of oxygen , b u t this w as p rob ab ly  
b ecause th e presence of sulfur had n ot been recognized 
and th e oxygen was supposed, w ith  th e carbon and th e 
hydrogen, to m ake up the ash-free b itum en . N ev er
theless som e analyses w hich report sulfur and nitrogen 
also report sm all am ounts of o xyge n .7 B y  som e au th or
ities, as R ichardson and P eckham , oxygen  is considered 
as foreign to n atural asphalts.

In  th e first reference to  w u rtzilite, B la k e 8 describes 
i t  from  a p h ysica l stan dp oint, noting its occurrence, 
hardness, color, specific g ra v ity , fu sib ility , electrical 
properties, etc. He explains the difference betw een 
w u rtzilite  and gilson ite,9 and shows th a t the U tah  
w u rtzilite  is an en tirely  d istin ct m ineral from  the elater-

* Peckham , A m . J . Sci., 48, I I I ,  250.
a E ldridge, U. S. Geol. Survey. 22nd A nn . Rept., 1900-01, 330.
a Locke, Trans. A m . Inst. M in. Eng., 16, 16 2  (1 8 8 7 ) .
* Blake, Eng. M in. J ., 40, 43 1  (1 8 8 5 ) .
5 R aym ond, Trans. A m . Inst. M in . Eng., 17, 113 (1 8 8 8 ) .
8 W urtz, Eng. M in . J ., 48, 1 1 4  (1 8 8 9 ) .
7 Sadtler, T h i s  J o u r n a l , 5 , 3 9 3  (1 9 1 3 ) .
s Blake. Eng. M in . J .,  48, 5 4 2  (1 8 8 9 ) .
9 Blake, Trans. A m . Inst. M in . Eng., 18, 4 9 7  (1 8 8 9 ) .

ite  of D an a and other m ineralogists. W u rtz 1 confirm s 
the conclusions of B lak e.

U tah  ozocerite is v e ry  sim ilar in properties to  th a t 
from  G alicia, b u t as it  contain s less o ily  m aterial and 
is firm er, it  is m ore va lu ab le. M a n y  popular accou n ts5 
of its m ode of prep aration, uses, e tc., are to  be found, 
b u t n othin g concerning its chem ical com position, 
d istillation  products, etc.

W ith  th e  exception  of occasional references to  the 
location  of b itum inous sandstones in U tah , nothing 
could be foun d ab ou t rock  asphalt.

U S E S  O F U TA H  H Y D R O C A R B O N S
A n  in vestig atio n  of th e uses of U tah  hydrocarbon s 

shows them  to  be surprisingly num erous and varied. 
M a n y  of our com m onest articles are m ade from  these 
substances. B efore the d iscovery  of gilsonite in U tah, 
E urop ean  and A sia tic  asp h alts were shipped in to  the 
U n ited  S tates; now, because of its  abun dan ce and p u rity  
large q uan tities of U tah  asp h alt are shipped to  foreign 
countries. T h e  production  of gilsonite during the 
last tw o  yea rs has increased rap id ly , due to  th e  greater 
num ber of articles m ade from  it. In  19103 th e produc
tion  w as 30,000 tons; in 1912, over 50,000 tons. I t  is 
w orth  abou t $20.00 a ton , f. o. b. U tah.

W u rtzilite  is little  used because of its insolubility. 
A b o u t 1,000 ton s are produced ann ually.

O zocerite is of greater va lu e th an  gilsonite, th e price 
in N ew  Y o r k  being 15 to  28 cents per pound.4 No 
d ata  could be foun d as to  th e  production  of ozocerite, 
b u t at present th e dem and fa r  exceeds th e supply.

P erh ap s th e m ost extended  use th a t  has been made 
of U ta h  asphalts is in  th e p a v in g  in d u stry . Gilsonite 
has been used in  p a vin g  th e  streets of m any im portant 
cities,3 e. g., M ichigan  A ven u e, C hicago, where it is 
said  to  be g iv in g satisfactio n  under th e m ost exacting 
requirem ents. R o ck  asphalt w as used3 in paving 
Second South Street betw een  W est T em p le and First 
W est Streets, S alt L a k e  C ity , and th e  surface is now 
in  fa ir condition, a lthough it has had p ra ctica lly  no 
repairs during its 16 years of service.

A n oth er im p ortan t use for U ta h  hydrocarbon s is 
in the m an u factu re of varnishes and p a in ts.3 Only 
th e purest and b est m aterials are used for these 
purposes, th e refined h yd rocarb on s being dissolved 
in tu rp en tin e and linseed oils. W u rtzilite  has been 
used in th e m an u factu re of a varn ish  in which th e par
ticles are sim p ly  held in suspension, b u t do n ot enter 
into  solution.

Som e of th e uses of th e in d iv id u al U ta h  hydrocarbons 
are as follow s:

G ilsonite .6— P av in g  in d u stry , electrical insulators, 
roofing papers and com pounds, w ater-proofing wooden 
and steel pipes and m asonry aqueducts, preventing 
e lectro ly tic  action  on iron p lates of ship bottom s,

1 W urtz , Eng. M in. J ., 49, 106 (1890).
2 Higgins, Salt Lake M in ing  Review, 14, 11-5 (Oct., 1912). Culmer, 

Salt Lake Tribune (Dec. 29, 1912); Taff and Sm ith , U . S. Ceol. Survey, 
Bull. 285, 369 (1905).

8 Culmer, Address, Univ. of U tah , Nov. 15, 1912.
4 Higgins, Salt Lake M in . Rev., 14, 11-5 (Oct. 15, 1912).
5 Locke, Trans. A m . Inst. M in . Eng., 16, 162 (1887); N ew  InternatL  

Encyc. Article on “ A sphalt;’' Culmer. loc. cit.; R ichardson and Parker, 
U . S. Geol. Survey, M in . Resources o f U. S ., 1893, 627-69; T ail and Smith, 
U. S. Geol. Survey, Bull. 285, 369 (1905).
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coating barb  wire fen cin g, coating sea w alls of brick  
or m asonry, lining ta n k s for chem icals, coating poles, 
posts and ties, toredo-proof pile coating, sm okestack 
pain t, lu b rican t for h e a v y  m achinery, sub stitute 
for rubber, as binder p itch  for culm  in  m aking b ri
q uettes and egette coal.

Tabbyite.— C om pounds w ith P ara  rubber to 'm a n u 
fa ctu re  floor m ats, rubber paints and roofings; as a 
filler for rubb er in autom obile tires, etc.

W urtzilile.— V arnishes, roofing com pound, etc.
Ozocerite.1— E lectrical insulator (said to  have abou t 

four tim es th e specific resistance of paraffin), altar 
candles, su b stitu te  for beesw ax, ointm ents, pom ades, 
salves, w ater-proofing, w axed paper, w ax dolls and 
figures, telephone receivers, phonograph records, elec
trop latin g , w ater-proof crayons, shoe polish, buttons, 
ceresine, floor polishes and w axes, w ater-proofing 
cartridges, sealing wa5j, etc.

Rock Asphalt.— P a v in g  in d u stry.

E X P E R IM E N T A L  R E SU L T S
T h e results of th e first tests m ade upon eight sam ples 

of h ydrocarb on s are given  in T a b le  I .2 T h ey  are

classes,1 viz., those soluble in 62° n ap h th a (m althenes) 
and those insoluble in carbon tetrachloride b u t soluble 
in carbon disulfide (carbenes). Our so lu b ility  tests 
were m ade b y  allow ing one-gram  sam ples, finely ground, 
to .b e  in con tact w ith  excessive am ounts of th e solven ts 
for 12 to 18 hours, filtering upon ign ited  asbestos in 
a Gooch crucible, w ashing w ith  the pure so lven t, 
dryin g a t 100° C . and rew eighing. G reat d ifficu lty  
was found in filtering some of th e sam ples, esp ecially  
the T rin id ad  asphalt.

T ab le  II  gives the u ltim ate com position of the sam ples

T a b l e  I I
Substance T rin. Ber. Gils. T ab. W ur. 1 W ur. 2 Ozok. R. A.

C arbon   51 .06  77.52 85.25 81.32 76.90 79.40 85.35 9 .55
H y d ro g en ... 5 .84  8 .90  10.55 10.40 11.20 10.55 13.86 1.10
Su lfu r  4 .22  4 .70  0 .52  1.24 4 .00  4 .34  0 .29  0 .78
N itro g e n ... .  0 .66  0 .89  2.21 2 .10  2 .18  2 .10  0 .36  0.31
A sh.................  35 .70  5 .32  0 .89  4 .65 1.50 3 .36  0 .04  88.05
as determ ined b y  th e ordinary com bustion  m ethod, 
w ith lead  chrom ate and copper oxide in the com bustion  
tube. G reat care m ust be tak en  in startin g  a com bus
tion  to  preven t th e too rap id  distillation  of the vo latile  
com ponents present in th e sam ples. N itrogen  w as

T a d l e  I
Original substance Trin. Ber. Gils. T ab. W ur. 1 W ur. 2 Ozok. R . A.

Loss 212° F ., 1 hr., per c e n t.......... 0.073 0.1765 0.353 0.91 0 .53 0.21 0 0 .14Loss 325° F ., 7 hrs., per c e n t........ 1.717 6.63 0.217 2.78 2.76 1.66 45.41 1.43Penetration  residue........................... 0 30 0 0 0 0 15 0New sample loss 400°, 7 h rs.......... 5 .25 9.71 0.85 6.40 3 .88 1.88 65.20 1.79Penetration residue........................... 0 0 0 0 0 0 0 0
Bitum en sol. in CS2.......................... . . .  60.36 90.93 99.64 94.63 10.83 8 .10 99.46 11.34

*Org. m atte r insol. in CS2................. 3 .94 3 .74 0 0 .72 87.68 88.54 0 .50 0Inorg. or m ineral m a tte r ................. . . .  35 .70 5.32 0 .36 4.65 1.50 3 .36  
w t. increased

0.046 88.66
Bit. sol. in 62° n a p h th a ................... . . .  41.00 34.40 61.70 58.50 2.76? 2.74? 81.71 9.25
This is per cent of to ta l b it ............ . . .  68 .00 38.85 61.85 61.85 39.10 33.85 82.20 81.50
Carbenes: bit. insol. in C C U ......... 0 0 .18 1.75 1.57 1.65 2.51 1.59
Bit. more sol. in CC1<....................... 1.37 0 0 0 0 0 0
Original loss on ign ition.................. . . .  64.30 94.68 99.64 95.35 98.50 96.64 99.96 11.34
Fixed carb o n ....................................... 39.60 43.13 37.45 35.60 10.03 6.85
Sulfur on original............................... 4 .22 4.70 0.52 1.24 4 .00 4 .34 0.29 0.78
Specific g rav ity  78° F ...................... 1.372 1.05 1.018 1.006 1.032 1.004 0.891 2.097
S treak .................................................... nearly black brown brown brown brown brown brown
L uster.................................................... glossy glossy slightly glossy glossy glossy dull dull
F rac tu re ................................................ conch. conch. conch. conch. conch. conch.
H ardness...................................... < 1 2 < 1 1 1 < 1
O dor....................................................... tarry slightly ta rry petroleum tarry tarry petroleum slightly oily
Softens 0 F ........................................... . . .  203 132 320 264 f above b. p. 134
Flows 0 F ......................................... 181 377 275 [ m ercury / 140
Penetration a t  78° F ........................ 0 30 0 0 0 0 30 0
the stan dard  tests  recom m ended b y  R ichardson 3 
and are m eant prim arily  to determ ine the fitness of 
the m aterials for asp h alt pavin g. No one of the m a
terials as it  occurs in n ature com es up to  the stan d
ards com pletely, b u t in th e cases of T rin idad, B erm u
dez, rock  asp h alt and gilsonite th e bitum en could be 
mixed w ith  h e a v y  petroleum  oils and given  the required 
penetration and other ph ysical properties. A s our 
work is concerned w ith  the properties of the m aterials 
as th e y  occur in n ature no com pounding was done. 
For the use of a stan dard  m achine for m aking the pene
tration tests we are indebted  to th e office of the C ity  
Engineer, S alt L ak e  C ity .

The b itum en s in asphalts are d ivid ed  into tw o general
1 New In te rn a tl. Encyc., Article on "A sp h alt;"  Higgins. Salt Lake M in. 

Rtr., 14, 11-5 (Oct. 15, 1912J.
3 For purposes of comparison determ inations were carried o u t also 

upon samples of refined T rin idad and Bermudez asphalt kindly supplied 
by the New Y ork T esting  L aboratory .

1 Richardson, The Modern Asphalt Pavement, 1905, 168.

determ ined b y  a m odified K je ld ah l m ethod, w ith  sub
sequent d istillation  into  an excess of stan dard  sulfuric 
acid. Sulfur w as determ ined b y  a m odification of 
th e E sch k a  m ethod,2 i. e., roasting a w eighed sam ple 
of m aterial w ith  zinc oxide and sodium  carbonate, 
leaching w ith w ater, filtering, acid u latin g  w ith  h yd ro 
chloric acid, and p recip itatin g and  w eighing barium  
sulfate as usual. Ash w as determ ined b y  ( i)  re
w eighing th e b oat a fter a com bustion, or (2) b y  b urn 
ing a one-gram  sam ple in a p latinum  dish. In  tw o 
cases the ash was analyzed. T h e results are given  in 
T a b le  I la .

T a b l e  I l a
Ash analysis SiOs F d O j AI2O3 CaO MgO

Rock asphalt...............................  78 .20 2 .20  9 .0 0  5 .6 0  2 .10
T ab b y ite ....................................... 35.35 2 .50  9 .8 0  29 .50  9.45

T a b le  I I I  records th e results of a series of so lu b ility

1 R ichardson, loc. cit.
5 Hbaugh and Sprague, Jour. A m . Chem. Soc., 29, 1475 (1907).
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tests. T h e trea tm en t w ith  solven t lasted  for 18 hours, 
and a m otor-driven  sh akin g device produced thorough 
m ixture of sam ple and solven t. T h e hot extraction s 
were m ade w ith boiling solven t in a flask fitted  w ith  a 
reflux condenser.

T a b l e  I I I
Solvent T rin. Ber. Gils. T ab . W ur. 1 Ozok. R. A.
Amyl alcohol.............  Insol. Insol. In i. 4 Insol. Insol. Insol.
E th y l e th e r ................  109 145 co 46 Insol. 13 14

{*S *7 Í *7 ̂ ^ Insol. I j  ^
*5

Amyl n itra te ................  84 39 51 Insol. Insol. 7 16
Amyl a ce ta te ............. 132 37 86 Insol. Insol. 1 Insol.
Benzol............................  48 36 71 35 Insol. 18 12
T o luo l............................. 39 33 72 57 0 .09  Very sol. 14
T u rp en tin e ............... 115 116 60 65 45 Very sol. 29
N itrobenzene  39 24 9 14 •! _12 T , ,t  Insol. Insol. 3
A niline....................... 3 Insol. j nsoj Insol. {  Insol. Insol. Insol.

C hloroform ...................  10 23  5 4  3 3  { * 0 .9 6  co -83
Carbon disulfide  03 co co 5 5  13.45 00 Very sol.
Carbon tetrachloride w  co 44.30 36 .00  1 . 8  00 12
62° N a p h th a .............  Very sol. 63 5 6 .80  2 .8  7 ¡ 8

E thyl alcohol  Insol. Insol.T , \  .  *, T , r r ,Insol. ( Insol. Insol. Insol. Insol.
P ropyl alcohol   Insol. Insol. ï  ■ ' ,  i ' '  , T i t  i t  1I, Insol. Insol. Insol. Insol. Insol.

Num bers refer to  gram s soluble in 100 gram s cold solvent.
* G ratns soluble in 100 gram s boiling solvent.

T a b le  IV  gives the results of the fraction al d istilla
tions of th e hydrocarbons. A  num ber of d istillations 
a t reduced pressure were tried, b u t the results were 
n ot satisfa cto ry , and w ork along th is line w as dis
continued for lack  of tim e. I t  w as n oticed, how ever, 
th a t (1) gilsonite is soluble in its own distillate and 
in those from  w u rtzilite  and ta b b y ite , (2) ta b b y ite  
is soluble in the d istillates from  gilsonite and w urtzilite, 
bu t (3) w u rtzilite  is insoluble in its own distillate and 
in th e d istillates from  gilsonite and ta b b yite . G ilson
ite is soluble in stearin  and hot paraffin, b u t w urtzilite  
is insoluble in both of these m aterials.

T able IV
Substance T rin. Ber. Gils. T ab . W ur. 1 Ozok. R. A.

0-150° C .................  14.93 9 .89  9 .34  3 .12  16.15 0.21 0.91
150-200° C .................  10.42 7 .99  5 .3 4  11.93 21.70 8.91 3 .22
200-250° C ............... 2 .26  16.08 12.84 24.87 22.82 8 .38  0 .29
250-300° C ............................ 21.12 28.99 13.21 0.91 17.69 ___
300-350° C  : .......................................... 4 . 7 7 ' _____ 25.89 ___
350-400° C  .............................................................................  26. S5 . . . .
T o ta l v o la t i le . . . . .  . 27.61 55.08 56.51 57 .90  61.58 87.93 4 .42
Fixed carb o n   36.69 3 9 .60  43.13 37.45 36.92 10.03 7.53
A sh............................... 35 .70  5 .32  0 .36  4 .65  1.50 0 .04  88.05

100.00  100 .00  100 .00  100.00  100.00  100.00  100.00 

C O N C LU SIO N S

T h e m arked differences in  the ph ysical and chem ical 
properties and in the com positions of th e five h y d ro 
carbons are established. T a b b y ite  is shown to be a 
d istin ct substance. T h e reported in so lu b ility  of w u rt
zilite  is am p ly  confirm ed.

U n i v e r s i t y  o f  U t a h  
S a l t  L a k e  C it y

W IN K L E R ’S  M E T H O D  F O R  T H E  D E T E R M IN A T IO N  OF 
O X Y G E N  IN  W A T E R ; T H E  E F F E C T  O F  N IT R IT E  

A N D  IT S  P R E V E N T IO N 1

By F kank E . H aus and T iiomas W. M e u a
T h e a ccu racy  of W in kler’s m ethod2 for th e deter

m ination  of dissolved oxygen  in w ater under usual 
conditions has been shown b y  m any in vestigators. 
C om parison w ith  B unsen ’s d irect estim ation  of the 
oxygen  b y  b oilin g off the gas and determ ining the 
am ount b y  gasom etric an alysis w as carefu lly  m ade b y  
W inkler, him self, and later b y  C h lo p in ,3 b y  G ill,1 and 
b y  B irge and Ju d ay.5

E F F E C T  OF N IT R IT E  AND IT S  C O R R E C T IO N
C onsiderable criticism  has arisen of late  regarding 

th e W in kler m ethod because of the effect of nitrites 
upon the results. If the effect were q u an tita tive , a 
correction could be applied  according to the follow ing 
form ula:

H— 0 — N =  0  +  H— I = H— O— H +  N  = 0  +  I 

in w hich N  is eq u iva len t to  I and to 1/i O, and each 
p art per m illion of nitrogen as n itrite  w ould increase 
the apparen t oxygen  con ten t b y  8/14 X  1 or 0.57 
p. p. m.

B u t th e reaction  is c a ta ly tic , th e N =  O ta k in g  up 
oxygen  from  th e air to  again  form  nitrous acid so that 
the effect under certain  conditions m a y be considera
ble.

T h e present experim ents were u n dertaken  to  ascer
tain  th e exten t of the error w ith  v a ry in g  am ounts 
of n itrite and if possible to find a sim ple m ethod of 
prevention.

I t  is h a rd ly  n ecessary to  describe th e W in kler m ethod 
as th e  details are in m an y text-b oo ks. T h e w ater to 
be exam ined, in our w ork, w as poured through a fun 
nel, keeping th e funnel fu ll, to  th e  b otto m  of 300 cc. 
b ottles, h a vin g  tig h t fittin g, w ell ground glass stop
pers, and overrun un til all w ater in co n tact w ith air 
in  th e b o ttle  w as rem oved. T h en  1 cc. of a nitrite 
solution  w as in troduced  b y  a p ip ette  a t th e bottom , 
th e  stopper inserted  so as to  exclude a n y  air bubbles 
and th e oxygen  determ ined. In  order to  keep condi
tions alike a solution  of n itrite  w as m ade of such strength 
th a t it  contain ed 500 p. p. m. of n itrite, expressed as 
n itrogen. V a ry in g  q u an tities of th is solution  were 
then m ade up to 10 cc. and 100 cc. vo lu m es from  which 
i, cc. w as introduced  into  the b o ttles according to the 
am ount of n itrite  desired. T a b le  I shows the am ounts 
needed.

T h e results were tested  b y  th e usual colorim etric 
m ethod of Griess and foun d to  be correct.

In the determ in ation  of th e oxygen  th e m anganous 
su lfate  and  th e  potassium  hydroxide-p otassium  iodide 
solutions were carefu lly  m easured, 2 cc. of each being 
in troduced  a t th e  b o tto m  of th e  b o ttle  so as to dis
place an equal am ount of th e w ater tested . T h e b ot
tle w as well shaken  and th e p recip itate  allow ed to

1 P aper presented a t the  48th m eeting of the American Chemica^ 
Society, Rochester, Septem ber 8-14, 1913

2 L . W . W inkler, Ber. d. chan. Ges., 2 1 ,  2 8 4 3  ( 1 8 8 8 ) ;  2 2 , 1764
( 1 8 8 9 ) .

3 Chlopin, Archives f. Hygiene, 27, 18 (1896).
4 R eport of M etropolitan Sewerage Commission, N . Y ., 401 (1910).
8 Birge and  Ju d ay , Wisconsin Survey Bulletin, 22, 11, 12 (1911)-
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T a b l e  I— N i t r i t e  S o l u t i o n s

Am ount of N itrite
original sol. p. p. m.

0 .6  cc. 0 .010
1 .2  cc. 0 .0201 .8  cc. d iluted to  100 cc. 0.0302 .4  cc. 0.040
3 .0  cc. 0.0500 .6  cc. then 1 cc. added to 300 cc. equal 0 .100
1.2 cc. 0.2001.8 cc. d ilu ted  to  10 cc. 0.3002 .4  cc. 0.4003 .0  cc. 0.500

6 .0  cc. ( 1.000
1.2 cc. 2.0001.8 cc.n I added to 300 cc. 3 .000
2 .4  cc. , 4 .000
3 .0  cc. ; 5 .000

settle well before adding the acid. H ydrochloric 
acid, concen trated , reacts m ost q u ick ly . A b o u t 2 
cc. are needed. T h is is also b etter introduced at the 
bottom  because the c a ta ly tic  n itrite  action  can take 
place on ly  in acid solution  and in the presence of air. 
Correction for d isplacem en t is required only for the 
first tw o  solutions. T h e titra tio n s were m ade upon 
100 cc. using N /10 0  th iosulfate.

T he fo llow in g ta b le  shows th e effect of va ry in g  
quantities of n itrite  upon th e oxygen  determ ination:

T a b l e  I I— S h o w i n g  E f p i i c t  o f  N i t r i t e

N itrite
Cc. N /  100 
thiosulfate Oxygen Differences

p. p. m. W ater used per 100 cc. p. p. m. p. p. m.
0.003 Brooklyn tap 12.70 10.31
0.010 Brooklyn tap 12.60 10.23 — 0.08
0.020 Brooklyn tap 12.70 10.31 ± 0 .0 0
0.030 Brooklyn tap 12.60 10.23 — 0.08
0.040 Brooklyn tap 12.60 10.23 — 0.08
0.050 Brooklyn tap 12.55 10.19 — 0.12

distilled 13.10 10.64
0 .100 distilled 13.15 10.68 +  0 .04
0.100 distilled 13.20 10.72 + 0 .0 8
0 .200 distilled 13.30 10.80 + 0 .1 6
0.200 distilled 13.50 10.96 + 0 .3 2
0.300 distilled 13.00 10.56 -  0 .08
0.300 distilled 13.60 11.04 + 0 .4 0
0.400 distilled 13.60 11.04 +  0 .40
0.500 distilled 13.70 11.12 +  0.48
1.000 distilled 15.50 12.58 +  1.94

It w ill be seen from  these results th a t  the effect of 
nitrite is inapp reciable w ith am ounts below  0.200 
P- p. m. and the ord in ary  run of w aters rarely  contain 
sufficient n itrite  to  affect th e a ccu racy  of the results. 
W inkler him self p laced  the danger point at 0.100 
p. p. m. nitrite.

As th e n itrite  is increased th e end reaction is not 
perm anent and the starch  blue color com es b ack  so 
quickly th a t  considerable error is caused. T h a t the 
action is c a ta ly tic  and accu m u lative  is shown b y  the 
following facts:

A sam ple w ith o. 500 p. p. m. n itrite  kept three days 
tightly  stoppered after the reagen ts had been added 
ready to t itra te  ga v e  th e sam e result as above, the 
error, 0.48 p. p. m ., occurring during titration . T he 
same sam ple k ep t three d ays exposed to air required 
2 I -3 cc. N /10 0  th iosu lfate , eq u ivalen t to 17 . 30 p. p. m. 
oxygen, an error of 6 .6 6  p. p. m. A sam ple with 
1 -ooo p. p. m. n itrite kept three d ays in acid  condi
tion in co n tact w ith air required 23.85 cc. thiosulfate, 
equivalent to  19 .3 7  p. p. m. oxygen, an error of 8 .73  
P- p. m.

W in kler,1 and also M ax M u ller,2 tried to correct the 
error b y  adding acid and iodide and m aking a separate 
titra tio n  and correction, b u t th is could not accom plish 
the result since the reaction  is c a ta ly tic  and varies w ith 
th e tim e of exposure to the air. R id eal and S te w a rt3 
in 1901 recom m ended prelim inary treatm en t w ith 
perm anganate in acid  condition  and n eutralization  
of excess perm anganate b y  oxalate to  elim inate the 
n itrite error. R ideal and Burgess'1 advised a colorim 
etric m ethod in 1909 in the b ottle , correctin g for ni
trite.

A s n itrite m ay be oxidized and q u a n tita tiv e ly  deter
m ined b y perm anganate b y  th e  m ethod of K in n icu tt 
and N e f  it was hoped th a t b y  allow ing for a certain  
length of tim e co n tact in a lkalin e condition before 
acid ify in g, th e m anganese o x y h y d ra te  could be m ade 
to destroy the n itrite and introduce th e re b y  a know n 
error. T h e follow ing table  gives th e results of our 
experim ents, using distilled  w ater:

T a b l e  I I I — S h o w i n g  R e s u l t s  a f t e r  S t a n d i n g  i n  A l k a l i n e  C o n d i t i o n

N itrite T im e in a lka
Ce. A7100 
thiosulfate Oxygen Difference

p. p. in. line condition per 100 cc. p. p. m. p. p. m.
3 hours 11.40 9 .26
3 hours 11.40 9 .26

18 hours 11.38 9 .24 —0.02
18 hours 11.42 9.27 +  0.01

1.000 0 hour 14.50 11.77 +  2.51
1.000 l/< hour 14.20 11.53 +  2.27
1 .000 V* hour 16.00 12.99 +  3.73
1.000 1 hour 14.70 11.94 + 2 .6 8
1.000 1.5 hours 14.90 12.10 + 2 .8 4
1.000 2 hours 14.80 12.02 +  2 .76
1.000 18 hours 15.20 12.34 +  3 .08

T h is procedure failed  com pletely  as the errors re
m ained high and irregular.

T h e next a ttem p t w as to  tr y  a w eaker acid, acetic, 
instead of hydrochloric. T h is  gave u n satisfactory  
results since the p recip itate w ould not readily  en tirely  
dissolve even  though a large excess of acid  w as added 
to the portion titra ted . B u t as the results were not 
high the procedure w as m odified b y  adding h y d ro 
chloric acid  to  dissolve th e p recip itate, being careful 
to exclude all air, then  crysta ls  of sodium  acetate were 
introduced q u ick ly  to  n eutralize the hydrochloric 
acid and render the solution acid  w ith  acetic acid. 
A fter the solution contain s on ly free acetic  acid  it 
m ay be exposed to  the air w ith ou t a n y  danger of 
n itrite interference. T h e color never -comes back. 
T h e end reaction  is s ligh tly  slower in titration  b u t not 
so as to  ap p reciab ly  lengthen the operation, sim ply  
requiring a little  care not to  overrun th e end point. 
It  was found th a t 2 cc. of hydrochloric acid, introduced  
at the b otto m  of the b ottle  to preven t the acidified 
solution com ing in co n tact w ith air, w as sufficient to 
dissolve all of th e precip itate, and 4 gram s of sodium  
a cetate  crysta ls  w ould n eutralize the excess of h y d ro 
chloric acid added and produce sufficient free acetic 
acid  to  bring abou t a proper reaction. A s the c ry s
tals entrained air, it  was feared th a t a slight error 
m ight be introduced in th a t w ay, b u t such did not

>L. W. W inkler, Ber. d. ehem. Ges.. 21, 2843 (1888); 22, 1764(1889).
2 M ax M üller, J . Soc. Chern. Ind ., 8 , 923 (1889).
3 S. Rideal and C. G. S tew art, Analyst, 26, 141 (1901).
* Rideal and Burgess, Ibid., 34, 193 (1909).
* S u tton . "V olum etric Analysis,” 10th Edition, p. 288.
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seem  to  be the case as th e solution contained free 
acetic  acid  before the air affected  the n itrite . Pellets 
were com pressed contain ing 4 gram s of sodium  ace
ta te  and tried  also, b u t while the results were as a c
cu rate the pellets dissolved v e ry  slow ly  and in tro 
duced ju st as m uch air. T h e crysta ls  were tried  w ith 
the idea of displacing as little  liquid  as possible, b u t 
both cry sta ls  and pellets displace three cc. of solution 
for w hich correction m ust be m ade as it  contains 
iodine previously  set free b y  the h ydroch loric acid. 
T h e follow ing ta b le  gives the results of these exp eri
m ents:

T a b l e  IV— S h o w i n g  R e s u l t s  w i t h  S o d iu m  A c e t a t e  C r y s t a l s

s
d

d •3V

V

5
* S 
S  2

o
ucl

i  S
O°  <y y \  a °

ä
d

d
VuÇ 0)

2

3JO'Û<
.3 M'•3 ^OW

w•3aM
>  fa ©<. 3 ©ci « ~o

w
XO

b
Vfa

3
£

&
4 cc. HC1 conc.(fl) 11.15 9.05 Blank

1 . 0 Acetic conc.(fl) uncertain 1 1 . 0 0 8.93 — 0 . 1 2 Failure
1 . 0 4 cc. HCl conc.(ö) crystals returned 14.00 11.48 +  2 .43 Excess

: l(ö)
HC1

1 . 0 4 cc. HCl 1 crystals sharp 11.30 9 .26 + 0 . 2 1
1 . 0 2 cc. HC1 conc.W crystals sharp 1 1 . 0 0 9 .02 — 0.03

4 cc. HCl 1 : 1 (a) 10.90 8.85 — 0.05 Blank
4 cc. HCl I : l (<0 1 1 . 0 2 8.95 + 0 .0 5 Blank
4 cc. HCl 1 : l(ö) crystals sharp 10.85 8 .90 Blank

1 . 0 4 cc. H Cl 1 : l(a) crystals sharp 11.24 9 .22 + 0 .3 2
0 .5 4 cc. HCl 1 : l (<0 pellet sharp 1 1 . 0 0 9 .02 +  0 . 1 2
1 . 0 4 cc. HCl 1 : 1 (¿0 pellet sharp 1 1 . 2 2 9 .20 + 0 .3 0
2 . 0 4 cc. HCl 1 : l(a) pellet sharp 11.15 9 .14 + 0 .2 4
5 .0 4 cc. H Cl 1 : !(«) pellet sharp 11.03 9.05 + 0 .1 5

2 cc. HC1 conc.(^) 1 1 . 00 8.93 — 0.09 Blank
2 cc. HC1 conc.(^) crystals sharp 1 1 . 0 0 9 .02 Blank

1 . 0 2 cc. HC1 conc.(^) crystals sharp 10.65 8.74 — 0 .28
1 . 0 2 cc. IIC l conc.(^) crystals sharp 1 1 . 2 0 9 .18 +  0 .16 Excess

starch
1 . 0 2 cc. HC1 conc.™) crystals sharp 10.90 8 .94 — 0.08 L ittle

starch
1 . 0 2 cc. HC1 conc.(^) crystals sharp 11.05 9 .06 + 0 .0 4 Careful

en d 
point

(°)Acid added a t  top  of bottle.
(&)Acid added a t  bottom  of bottle.

I t  will be noticed th a t when th e acid  was added at 
the top of the b o ttle  there was a slight ten d en cy  for a 
positive error. T h is w as counteracted  b y  adding the 
acid a t the b otto m  of the b ottle , as shown in last re
sults.

Some of the ab ove solutions were allow ed to  stan d  
over n ight in co n tact w ith  air and were th en  again 
titra ted . A ll ga v e  considerably low er results, not 
v a ry in g  w ith th e am oun t of n itrite , 1 -5  p. p. m ., b u t 
con stan t, show ing a com plete preven tion  of the n itrite 
reaction, and also show ing th a t solutions acidified 
ready for titra tio n  should not stan d in con tact w ith  
air for several hours before titra tin g .

In order to further sim plify  the procedure a strong 
solution of potassium  a cetate  (which is m uch more 
soluble th a n  the sodium  salt) w as m ade b y  dissolving 
100 gram s of th e crysta ls  in 25 cc. of hot w ater and 
filtering. T h e crysta ls  increased th e vo lu m e to abou t 
80 cc. A t  first th is syrup was used. L ater the syrup 
w as d iluted  to 100 cc. T h is m akes a stab le solution, 
1 cc. of which contains 1 gram  of potassium  acetate.

T h e follow ing ta b le  shows th e excellent results ob
tain ed  in th e presence of 1 p. p. m. n itrite w ith the 
use of this potassium  acetate  solution.

T a b l e  V — S h o w i n g  R e s u l t s  w i t h  P o t a s s iu m A c e t a t e  S o l u t i o n
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2 cc. H C 1 conc. sharp 9 .5 7.70 —0.03
2 cc. HC1 conc. 1 cc. = 1 1/ a grams sharp 9 .5 7.73

1 2 cc. H C 1 conc. 1 cc. = 1 1/< grams returned 9 .5 7.73 ± 0 . 0 0
1 2 cc. HC1 conc. 1 cc. = 1 */4 gram s returned 9 .7 7 .90 +  0.17
1 2 cc. HC1 conc. 2 cc. = 2 1/* gram s sharp 9 .5 7.77 +  0.04
1 2 cc. HC.l conc. 2 cc. = 2 1/* grams sharp 9 .3 7.61 — 0 . 1 2
1 2 cc. HC1 conc. 2 cc. = 2 grams sharp 9 .6 7.85 + 0 . 1 2

(6) Acid added a t  bottom  of bottle.
N o t e .— Since th is paper was w ritten  the  m ethod has been used by the 

Sewer B ureaus of N. Y. C ity  in a study  of N . Y. harbor. Several hundred 
determ inations have been m ade w ith n itr ite  som etim es as high as 2 p. p. 
m., w ith entire  satisfaction.

E F F E C T  OF O R G A N IC  M A TTER
It is also claim ed th a t th e W in kler m ethod cannot 

g ive  accu rate  results in th e presence of organic m atter. 
H efelm ann and B a r th 1 m ake th is criticism  of M uller’s 
m ethod which appears to  be iden tical w ith  W in kler’s. 
T h e sam e criticism  has been m ade as to  sew age.

T he w riters h ave foun d no appreciable difference 
in results to  be caused b y  h e a v y  m icroscopic growths 
in w ater, and the follow ing experim ents were under
tak en  to  ascertain  to w h at exten t th e results m ight be 
low ered b y  either oxidation  or d irect com bination  of 
iodine w ith  the organic m atter present in sewage. 
T h e sew age em p loyed  contain ed to ta l solids 950 p. p. m., 
loss on ign ition  340 p. p. m ., fixed solids 610 p. p. m., 
chlorine 185 p. p. m., free am m onia 1 3 .6  p. p. m., 
a lbum inoid  am m onia 8 .0  p. p. m ., and w as taken  from 
a B ro o k lyn  sewer a t A tla n tic  A v e . and C lin ton  St.

In a prelim inary experim ent o. x cc. of N/100  
iodine when added to  25 cc. of sew age contain ing 1 cc. 
each of m anganous su lfate  solution  and concentrated 
h yd roch loric  acid  gave a deep blue w ith  starch solu
tion  w hich did n ot fade ou t in th ir ty  m inutes.

B o ttles of 300 cc. c a p a city  were th en  filled as for oxy
gen determ in ation  with th e sew age, 2 cc. of manganous 
su lfate solution  added, 2 cc. of con cen trated  hydro
chloric acid, and then  N /10 0  iodine added. A fter  stand
ing stoppered five and also th irty  m inutes, 100 cc. 
portions were titra te d  w ith  N /100 th iosulfate. The 
loss of iodine, expressed as p arts per m illion of equiva
len t oxygen , w as inapp reciable, a t least n ot over 0.2 
p. p. m. U pon stan din g in presence of air over 
n ight, even , no more iodine w as used up apparently 
since an increased am ount of iodine w as present, due 
to  the effect of th e n itrite  in th e sew age.

T h e experim ent w as then  tried  in a different manner. 
T h e  oxygen  w as determ ined in d istilled  w ater, the 
sew age, and m ixtures of th e tw o contain ing 10%, 
2 5 % , and 50 %  of sew age. T hese m ixtures were ob
ta in ed  b y  filling th e b o ttle  w ith  distilled w ater through 
a funnel, as previously  described, and then  adding 
b y  p ip ette  at th e b otto m  th e required  am ount of sew
age, forcin g ou t distilled w ater a t th e  top.

T h e results were w ithin  experim ental error. The 
starch  blue color returned after titra tio n  showing the 
presence of som e n itrite  b u t there w as n ot su ffic ie n t 

to  affect the a ccu racy  of th e  results.
1 R . H efelm ann and K. B arth , Chem. Zlg., 13, 1337 (1889).
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T h e experim ent w as repeated  on 10 %  sew age m ix

tures contain ing an addition  of 1 p. p. m. n itrite  w ith 
and w ith ou t th e  use of potassium  acetate  solution. 
As was to be expected, th e results were high w ithout 
th e^ acetate  and w ith in  experim ental error w ith the 
acetate.

T h e fo llow ing ta b le  gives the results of these experi
m ents:

T a b l e  V I — S h o w i n g  L a c k  o f  E f f e c t  o f  O r c a n i c  M a t t e r
s a c“ e, a E C~ 0 . 0  

-  2 3.£ o • ci. « S  c  TZ *3 E oO t i  i? 5 o 3  . £c 2 £ 3 . « ¿ o  2 g
0  ̂ h « x 0 • d o o a 5 u r

E > ~ 5 S s 2
K „ S *C o ° ^ O w « s11 • -  ■ 2 H • a & >• *= -ao o .5 o x x 5  cO 2  O f-< U O O  Q W

. .  2 . .  2 .3  5 2 .00  . .  . .  — 0.24  ret.

. .  2 . .  2 .3  30 2 .05  . .  . .  —0 .2 0  ret.

. .  2 . .  4 .6  5 4 .75  . .  . .  + 0 .1 2  ret.

. . 2  .....................  9 .6 0  7 .80  7 .80  . .  sharp

. . 2  .....................  8 .80  7.15 7 .22 —0 .07  ret.

. . 2  .....................  7 .55  6.13 6 .36  —0 .23  ret.

. . 2  .....................  6 .0 0  4 .87  4.91 — 0 .04  ret.

. . 2  .....................  2 .50  2.03 2.03 . .  ret.

. . 2  1 . .  . .  9 .85  8 .00  7 .22  + 0 .7 8  ret.
1 2 1 . .  . .  9 .15  7.45 7 .22  + 0 .2 3  ret.
2 2 1 . .  . .  8 .45  6.91 7 .22  — 0.31 sharp

Liquid (j o
Sewage..............  2
Sewage.............. 2
Sewage.............. 2
Dist. w a te r .. . .  2
Sewage 1 0 % . . .  2
Sewage 2 5  % . . .  2
Sewage 5 0 % . . .  2
Sewage 1 0 0 % . .  2
Sewage 1 0 % . . .  2
Sewage 1 0 % . . .  2
Sewage 1 0 % . . .  2

P R E S E R V A T IO N  OF SA M PLE S
Som e experim ents were also carried out to determ ine 

the p o ssib ility  of preserving sam ples of w ater for o x y 
gen determ in ation  un chan ged so th a t  th e y  m a y be 
transported to  a lab o rato ry  for analysis. B irge and 
Ju d ay 1 g ive  som e results on sam ples which stood up 
to six hours. T h e y  also quote S p itta ,2 G ill,3 S eyler4 
and D ost,5 th a t  the oxygen  does not change greatly  
in 24 hours, even  w ith  a io °  rise in tem perature, with 
exposure to  th e  air, and though th e w ater becom e 
supersaturated.

w ith  the w ater and th e sam ples iced. T h e bulbs 
ta k e  care of the change in volum e and th us p re
ve n t loosening of th e stopper and consequent le a k 
age of air. T h e icing holds th e excess oxygen  of 
su p ersatu rated  sam ples in solution. Sam ples of sew 
age should p referab ly  be iced to prevent loss of 
o xygen  b y  com bination  w ith  th e organic m atter 
present, and also preserved b y  i cc. o f 40%  form alde
h yde as recom m ended b y  A. L ed erer.1 T h e sam ples 
should be collected  in the usual w a y  b y  passing 
th e w ater to  be exam ined through the b ottle  un
til all w ater in co n tact w ith air is rem oved. The 
bulb should be filled w ith som e of th e sam e w ater from  
a dish and all air carefu lly  forced out of the bulb  w ith 
the p ip ette pointed upw ard. I t  is then  q u ick ly  in 
serted in the filled b ottle , which has been protected  
b y  a glass stopper until now, and either left fu ll or 
collapsed according as th e sam ples are iced or not, 
resp ectively . T h e effect of exposure to  air of the w ater 
which fills th e  bulb is inappreciable, b u t th e presence 
of a n y  air bubbles w ould be serious.

T a b le  V II gives some results w ith w ater so collected 
and stored.

T h e first three sup ersatu rated  sam ples lost oxygen 
upon storing a t room  tem perature exposed to  diffused 
d a yligh t, a lthough the sam ple k ep t 18 hours still con
tained  m ore th an  2 p. p. m. oxygen  over saturation  
at room  tem perature. B ubbles of gas could be seen 
collected under th e stopper.

T h e ice-box sam ples k ep t v e ry  well even  though 
contain ing abou t three parts of oxygen  o ver sa tu ra 
tion. T h e three sam ples were of course ta k en  sep a
rate ly  at as near the sam e depth and spot as possible.

Sam ples low  in oxygen  keep p e rfe ctly  w ith ou t ice.

SU M M ARY
I. W in kler’s m ethod for dissolved oxygen  in w ater 

is v e ry  easy, rapid  and accu rate . D u p licate  sam ples

T a b l e  V II— S h o w i n g  R e s u l t s  w i t h  U s e  o p  B u l b  P i p e t t e  a n d  S t o r a g e

Tim e of Tem per
Ce. N /100  
thiosulfate Oxygen

Source of sample standing atu re per 100  cc. p. p. m. Rem arks
M t. Prospect Res. 12 foot d e p th ............... 15.5° C. 15.10 12.26 Supersaturated
Alt. Prospect Res. 12 foot d e p th ............... 25° C. 14.40 11.73 S upersaturated
M t. Prospect Res. 12 foot d e p th ............... 25° C. 13.00 10.56 Supersaturated
M t. Prospect Res. 12 foot d e p th ............... 15 .5° C. 15.95 12.95

8.35 saturation  
10.04 saturation

M t. Prospect Res. 12 foot d e p th ............... 13° C. (icebox) 16.05 13.03
M t. Prospect Res. 12 foot d e p th ............... 13° C. (icebox) 15.55 12.63
Gowanus can a l................................................ room 0 . 0 0 0 . 0 0

From  our experience it seem s preferable to  m ake de
term inations on th e  field, b u t sa tisfa cto ry  results m ay 
be obtained b y  using the device th a t D . D . Jackson6 
recommends for p u trescib ility  bottles, th a t is, a m edi
cine p ip ette passing th rough  a rubber stopper. If 
the sam ples are below  satu ratio n  w ith  oxygen, the bulb 
may be collapsed and th e sam ple tran sported  w ith 
out ice, b u t if th e  sam ples are satu rated  or super
saturated w ith  oxygen  th e bulbs should be le ft filled

1 Birge and Juday , Wisconsin Survey Bulletin. 22, 17, 18 (1911).
5 Spitta , Archives f .  hygiene. 38, 215 (1900).
5 Gill, Tech. Quart., 5, 250 (1892).
4 Seyler, Chem. News, 67 , 87 (1893).
‘ Dost, Chem. Centrolbl., 77 , 1457.

D. Jackson and W. A. H orton, T in s  J o u r n a l , 1, 328 (1909).

in routine work ordin arily  check w ithin  o . i  p. p. m. 
oxygen.

II . N itrite  as present in the usual run of w aters has 
no appreciable effect upon th e a ccu racy  of th e  results.

II I . N itrite  in q uan tities upw ard of 0 .2  p. p. m. 
increases th e results b y  a c a ta ly tic  reaction, increasing 
w ith increasing am ounts of n itrite.

IV . T h e effect of high n itrite present in a n y  am ount 
ever occurring in w ater m ay be counteracted  b y  the use of 
potassium  acetate  solution (or sodium  acetate  crystals) to  
neutralize th e hydrochloric acid before exposure to  th e air.

1 Lederer, "T he  Influence of S torage and Various Preservatives upon 
the Dissolved Oxygen in W aters,” Sewage Disposal Investigations, the  
S an ita ry  D istrict of Chicago, 1910.
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T h e procedure then is to  add a t th e b otto m  of the 
b o ttle  2 cc. of m anganous su lfate solution (480 gram s 
per liter) follow ed b y  2 cc. of potassium  h ydroxide- 
iodide solution (360 gram s hyd ro xid e and 100 gram s 
iodide per liter). Shake and settle. A d d  a t th e  b o t
tom  2 cc. con cen trated  hydrochloric acid  and shake 
until th e p recip itate  is en tirely  dissolved. T hen  add 
2 cc. potassium  acetate  solution (1000 gram s per liter) 
at th e bottom  and m ix. W ith d raw  b y  p ip ette  100 cc. 
into an E rlen m eyer flask and titra te  w ith N / 100 thio- 
su lfate, addin g a little  starch  solution a t the end. 
Correction  m ust be m ade for 6 cc. of w ater displaced 
b y  the first tw o solutions and b y  the a cetate  solution. 
T h e acid  needs no correction, since it displaces on ly 
w ater from  w hich oxygen has been rem oved.

P recaution s m ust be tak en  to  exclude co n tact w ith 
air as m uch as possible until the solution is ready to  
titra te  b y  replacing the stopper as q u ick ly  as possi
ble a fter each reagen t is introduced; to  get com plete 
solution of the p recip itate  b y  th e h ydroch loric acid; 
to  g ive the th iosu lfate  a little  m ore tim e to react at 
the end point in the acetic  acid  condition; to use sm all 
am ounts of starch  solution. For in trod u cin g the solu
tions it is advisable to use p ip ettes w ith tw o  m arks, 
m easuring 2 cc., well up on the p ip ette so as to give 
head and n ot contam in ate the upper liquid  in the b o t
tle  m ore th an  n ecessary while a ctu a lly  displacing 
liquid  from  th e b ottle  in proportion to th e am ount in 
troduced.

V . Sam ples for oxygen  m a y be ta k en  and tran sported  
elsewhere for titration  in ground glass stoppered b o t
tles w ith  part of the chem icals added, eith er in alkaline 
or acid  condition, if kept out of co n tact w ith air. T h e 
alkaline condition  is preferable, since changes in te m 
perature can not change results, all the oxygen  being 
in the precipitate. In either condition  if air leaks in 
it m ay increase results, in a lkalin e condition  b y  d irect 
absorption, in hydrochloric acid condition  b y  c a ta ly tic  
action  of n itrite. I t  is not advisable to  add th e ace
ta te  until rea d y  for titration .

Sam ples for oxygen  m ay best be tran sported  else
where for determ ination  b y  using m edicine p ip ettes. 
I f  sam ples are not satu rated  w ith oxygen, th e bulbs 
should be collapsed and sam ples tran sported  w ithout 
ice; if sup ersatu rated  the bulbs should be full of the 
w ater and sam ples iced.

A ckn ow ledgm en t is due M r. W . A . H orton for as
sistance in m any of the determ inations.

M t . P r o s p e c t  L a b o r a t o r y  
B r o o k l y n , N .  Y .

S U L F U R  D IO X ID E  IN  G E L A T IN E 1
B y  P a u l  P o b t s c h k e  

E dib le gelatin , according to the te n ta tiv e  stan dard 
prepared b y  the C om m ittee on F ood Standards of 
th e  A ssociation  of Official A g ricu ltu ral C hem ists, is 
th e purified, dried, inodorous product of the hydrolysis, 
b y  treatm en t w ith boiling w ater, of certain  tissues, as 
skin, ligam ents, and bones, from  sound anim als, and 
contains not more than  tw o (2 % ) per cent of ash and 
not less th an  fifteen (15 % ) per cen t of n itrogen. It

1 P resented a t the 48th meeting of the  A. C. S., Rochester, Septem ber 
8-12, 1913.

is used exten sively  in the prep aration  of various arti
cles of food, such as jellies, jam s, can d y and ice cream, 
and it is, therefore, of im portance to  elim inate, as far 
as possible, all co n tam in atin g chem ical substances.

Sulfur dioxide w as form erly  em ployed as a bleach
ing agen t and also in th e trea tm en t of th e raw  m ate
rials used in th e  m anufacture of gelatin , with the 
result th a t  the finished p roduct contains considerable 
q uan tities of th is substance. I t  w as n ot until the 
F ood and D rugs A c t of June 30, 1906 w ent into effect, 
th a t th e atten tion  of food chem ists w as seriously di
rected  to  the determ ination  of this substance, not 
only in gelatin  b u t also in other food m aterials such 
as wine, dried fru its and sugar products. T h e products 
in which sulfur dioxide w as used were readily  dis
tin guishable on accou n t of th e considerable am ounts 
present, b u t as the use of th is substance w as dis
continued in all stages of m anufacture, th e  problem 
becam e m ore difficult, since sulfur dioxide w as still 
found in gelatin  prepared w ith ou t -the use of this 
substance. T h e origin of th e sulfur dioxide found 
b y  analysis, then  becam e a recurring question and 
the opinion of m any m anufacturers and chemists 
was th a t th e existin g m ethods of analysis gave in
consistent and fallacious results. T h e m ain object 
of th e present in vestigation  w as to  determ ine the 
sources of error in v o lve d  in the determ ination  of 
sulfur dioxide and to  develop a uniform  and satis
fa cto ry  m ethod of analysis. In cid en ta lly , the origin 
of the re la tiv e ly  sm all q u an tities of sulfur dioxide 
found in gelatin  prepared w ith o u t the addition of 
th is substance w as taken  up.

E X P E R IM E N T A L  PA R T  A N A LY TIC A L
O w ing to  the wide discrepancies w hich were ob

served in the determ in ation  of SO2 in gelatin , when 
the sam e sam ple w as an alyzed  b y  different chemists, 
an in vestig atio n  of the cause of these discrepancies 
w as u n dertaken . M uch experim ental w ork was re
quired and, therefore, th e various sources of error 
are ta k en  up in detail.

In  th e d istillation  m ethod, a know n  w eigh t of the 
sam ple is dissolved in w ater and distilled, after the 
addition  of phosphoric acid, in an atm osphere of CO». 
T h e distillate is collected  in an excess of iodine and the 
iodine used up in oxidizing the SO2 determ ined volu- 
m etrically  or the resu lting H5SO.1 determ ined gravi- 
m etrically  as B aS O j. Brom ine w ater is also used as 
an oxidizing agen t, b u t in this case the gravim etric 
m ethod is em ployed.

I— A D V A N TA G ES OF G R A V IM E T R IC  O V ER V O L U M E T R I C  

M ETH O D
T h e gravim etric  m ethod of estim ation  of the sul

furic acid  form ed is th e best m ethod, since the volu
m etric m ethod, in w hich th e  excess iodine is titrated 
w ith  a solution of sodium  th iosu lfate , is subject to 
considerable error ow ing to the possible presence of 
reducin g substances other th an  SO2, which m ay come 
over w ith  th e d istillate . A  com parison of the gravi
m etric and the official vo lu m etric  m eth od 1 on a sample 
of gelatin  gave the follow ing result:

1 U. S. D ept, of Agric., Bur. of C hem istry, Bull. 107.
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G ravim etric Volumetric 
P er cent Per cent

Sulfur d ioxide...........................  0.0085 0.0102
O w ing to  the fa c t th a t  the sam ple contained a sm all 

q u an tity  of S 0 2, a iV/50, in stead  of a N /10 , iodine 
solution w as used. T h is  sam ple w as selected for this 
purpose since the influence of reducing substances 
is rendered more ap p aren t when the S 0 2 is low. T he 
lesu lt on th is sam ple dem onstrates th a t reducing 
substances are ev o lved  and th a t  these are a source 
of error to  be avoided. I t  has been rep eated ly  ob
served th a t th e iodine con tain in g d istillates becom es 
turbid, in som e cases th e cloudiness is v e ry  m arked, 
and th is in itself is evidence of th e fa c t th a t the error 
introduced will depend en tirely  upon the n ature of the 
sam ple under exam ination.

I I— H Y D R O C H LO R IC  ACID U S ED  FO R  G E N E R A T IN G  CA RBO N  
D IO X ID E

Com m ercial H C 1 is freq u e n tly  used for generating 
CO2 from  m arble. I t  is ab so lu tely  n ecessary to  use 
chem ically pure acid  for th is purpose since the com 
mercial acid  contain s free chlorine. In  a num ber 
of experim ents it  was foun d th a t free chlorine could 
be d etected  in  th e d istillin g flask b y  m eans of starch 
iodide when com m ercial H C 1 w as used, even  though 
the C 0 2 w as w ashed b y  b u bb lin g through a wash 
bottle con tain in g dilute copper su lfate solution. 
The free chlorine w ould n a tu ra lly  oxidize an eq u iva
lent am oun t of S 0 2 in accordance w ith  th e follow ing 
equation:

SO2 +  2H2O +  2CI =  H 2S 0 4 +  2HCI.

I l l  A D V A N TA G ES OF IO D IN E  O V ER  B R O M IN E
In th e gra vim etric  determ in ation  of SO2, iodine is 

preferable to  brom ine since it  does not oxidize H2S 
to H2SO4. H o rn e1 sep arated  th e H2S b y  passing the 
distillate th rough  a 2 per cent neutral solution of 
cadm ium  chloride and states th a t  th e SO2 is not pre
cipitated b u t passes on to  th e iodine, where it  is oxi
dized to H2SO4, to  be afterw ard s p recip itated  as B a S 0 4. 
The fa c t is th a t when th e gravim etric  m ethod is em 
ployed using iodine as th e oxid izing agent, it  is not 
necessary to  rem ove H 2S. T h is is, how ever, a neces
sary precaution  w hen th e vo lu m etric  m ethod is used. 
When H 2S is passed into  an iodine solution th e fo l
lowing reaction  ta k es  place:

H ,S  +  2I = 2H I +  S.
T w o experim ents were con ducted  in order to ve rify  

this reaction, esp ecially  as to  the p o ssib ility  of oxidizing 
some of th e H 2S to  H2S 0 4.

1. 50 cc. of N/20 iodine solution w ere diluted to 200 cc. 
with distilled w ater and a current of H>S passed in to the solu
tion until it  w as decolorized: 5 cc. of concentrated HC1 were 
then added, the solution concentrated to abou t 75 cc. b y  boiling, 
filtered and precipitated w ith  B a C l2. BaSO.( obtained =  0.0023 
gram,

2. T his experim ent w as conducted in the same manner ex
cept th at the H C 1 w as added before passing in H 2S. BaSO« 
obtained =  0.0020 gram .

A  blank determ ination conducted b y  diluting 50 cc. of iodine 
solution to  200 cc. w ith  w ater and boiling down to  75 cc., filtering 
and precipitating w ith  B a C l2, gave  0.0008 gram  of BaSO*.

1 "T h e  Chemical D eterm ination  of Sulfites in Sugar Products,” U. S.
Agr., Bur. of C hem istry, Bull. 105.

T a k in g  the average B a S 0 4 obtained in E xperim ents 
i  and 2 and deductin g the b lan k, we h ave 0.0014 
gram  of B a S 0 4, eq u ivalen t to  0.0004 gram  of S 0 2. 
Considering the q u a n tity  of H 2S- passed through the 
iodipe and also the fa c t th a t no a ttem p t w as m ade 
to  pu rify  th e gas, it  is ev id en t th a t th e am ount of 
B a S 0 4 is negligible and th a t these facts show th a t none 
of the H 2S is oxidized to  H 2S 0 4.

W hen H 2S is passed into  a solution of brom ine, 
sulfur is first precip itated  b u t fu rth er oxidation  to  
H 2SO.i takes place. T h is w as verified b y  diluting 
50 cc. of satu rated  brom ine w ater to 200 cc. w ith 
w ater and passing in H 2S until th e solution w as de
colorized. T h e liquid  was then  acidified w ith  5 cc. 
of HC1, concen trated  to  75 cc. b y  boiling, filtered and 
precipitated, w ith  B aCU . A  h e a v y  p recip itate of 
BaSO* w as obtained, in d icatin g th a t brom ine w ater 
oxidizes H 2S to H 2S04.

T h a t brom ine oxidizes H 2S ^nd other vo la tile  sulfur 
com pounds, th us yield in g high results for S 0 2, is 
evid en t from  th e  fo llow ing experim ent: A  pound
of fresh round steak was freed from  fa t and passed 
through a m eat chopper. A  determ in ation  of S 0 2 
on th e sam e d ay b y  the gravim etric-iodin e m ethod 
gave tw'o (2) parts of S 0 2 per m illion. T h e m eat was 
allow ed to  decay and on the fourth  d ay  another de
term ination  b y  th e sam e m ethod gave six (6) parts 
per m illion. On th e ninth d a y  the m eat had a stron gly 
am m oniacal odor. T w o  determ in ations were m ade, 
one b y  th e gravim etric  iodine m ethod and the other 
b y  su b stitu tin g sa tu rated  brom ine w ater for th e iodine 
solution. B lan k  determ inations were m ade in both 
cases. T h e follow ing results were obtained:

Sulfur dioxide in 
p a rts  per million

W ith iodine............................................. 11
W ith brom ine........................................  37

W inton and B a ile y 1 ob tain ed  sim ilar results b y  dis
tillatio n  of beef which w as allow ed to  decom pose. 
T h e y  collected th e  d istillate in brom ine after first 
passing through a d ilute solution  of copper su lfate in 
order to  rem ove sulfides and m ercaptans, the resulting 
copper sulfide being w eighed and reported  as H :S. 
In tw o separate series of experim ents on beef which 
w as allow ed to  decom pose for nine d ays (calcu latin g 
their H :S figures to  SO2) th e y  obtained  as follow s:

Sulfur dioxide 
in p a rts  per million

1 2
O btained by copper su lfa te .. 38 8
O btained by brom ine..........  12 10

T ota l, 50 18
T h e authors found th a t  the am ount of sulfur as 

H2S w as larger th a n  th e am ount of sulfur as S 0 2, 
especially in the case of veal.

It  is, therefore, obvious th a t iodine is preferable 
to  brom ine since it  is n ot n ecessary to  pass th e dis
tilla te  through a solution of a m etallic salt, such as 
copper sulfate or cadm ium  chloride, in order to  re
m ove sulfides when iodine is used.

1 J . A m . Chem. Soc., 29, 1499 (1907).
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IV  D IS SO L V IN G  T H E  G E L A T IN
T h e fa ct th a t gelatin  is insoluble in cold w ater, 

b u t swells up in it, and is readily  soluble in hot w ater, 
n atu ra lly  leads som e an a lysts  to  use hot w ater in order 
to  fa cilita te  solution  and to  preven t the flask con tain 
ing the m ixture of ge latin  and w ater from  breaking, 
w hich freq u e n tly  results if the flask is heated  d irectly  
over a sm all flam e before the gelatin  is com pletely  
dissolved. T h e addition  of h ot w ater, a lthough the 
flask is q u ick ly  stoppered, causes a loss of SO2. T h e 
results of three determ inations on a sam ple of gelatin  
w hich w as finely ground and w ell m ixed, gave the 
fo llow ing:

i  a. 0.0350
P er cent sulfurous acid -s b. 0.0350 

{ c. 0.0355
T h e sam e sam ple of gelatin  w as trea ted  in ex

a c t ly  the sam e w ay, excep t th a t  instead of adding cold, 
recen tly  boiled distilled  w ater, hot w ater w as used, 
th e flask conn ected  to the apparatu s and the usual 
d istillatio n  carried out. I t  usually  required from  five 
to  ten  m inutes to  dissolve th e gelatin  and during this 
tim e th e flask w as stoppered. T h e loss of SO2 incurred 
b y  this trea tm en t is apparent from  the follow ing 
three determ inations:

( a . 0.0247
P er cen t sulfurous acid 6. 0.0265 

[c .  0 . 0 2 1 2

T h e ab ove results show" th a t a loss of from  25 to  
40 per cen t of the to ta l sulfurous acid occurs when hot 
w ater is used to  dissolve th e gelatin . T h e sam e sam ple 
of gelatin  w as sent to a large com m ercial lab o rato ry  
and the follow ing result wras reported:

P er cent sulfurous acid =  0.0173.
It  appears h igh ly  probable th a t hot w ater w as 

used in th is case to dissolve th e gelatin , since the 
determ in ation  shows a loss of abou t 50 per cent of 
th e  to ta l sulfurous acid.

V C O N C E N T R A T IO N  OF T H E  D IS T IL L A T E
Zerban and N a q u in ,1 in their w ork on sulfurous 

acid  in m olasses, call a tten tion  to  th e  fa ct th a t  if it  
is necessary to con cen trate th e d istillate, th is should 
be done in flasks w ith  narrow  openings when gas is 
used as a source of heat for con cen tratin g th e distillate.

K ü h n  and R tih le2 h a ve  conducted  a series of ex
perim ents in w hich it  w as shown th a t when a solution 
of iodine is boiled over a gas burner in a beaker, con
tam in ation  from  the products of com bustion  of the 
illum in ating gas tak es place and th is gives rise to 
serious errors. T h e conclusion is draw n th a t the 
S 0 2 obtained in the distillation  of m eat is n ot due 
to  its form ation  from  sulfur com pounds b u t to  con 
tam in ation  from  the surrounding atm osphere.

R epeated  b lan k determ inations, run on successive 
d a ys, dem on strated  th a t a variab le  contam in ation  
w ith  sulfur too k  place, since careful tests of th e re
agen ts used failed  to  accoun t for th e B aS O j obtained 
in the blanks. T he follow ing experim ents were con
d ucted  in order to trace th is source of error:

1 F. Zerban and  W. N aquin , U . S. D ept, of A griculture, Bureau of 
C hem istry, Bull. 116.

1 Z . Nahr. Ccnussm., 20, 10-9.

Several blank determ inations w ere m ade b y  placing 300 cc. 
of recen tly boiled and cooled distilled w ater in the distilling 
flask (Fig. 1), phosphoric acid added and distilled in a  current 
of CO2, collecting 200 cc. of d istillate in a beaker containing 
25 cc. of N/10 iodine solution. T h e  beaker w as k ep t closely 
covered w ith  a clock glass provided w ith  a  hole in the center 
so as to  fit over the exit tube of the condenser. T h e  contents of 
th e beaker w ere then acidified w ith 5 cc. of concentrated H Cl, 
th e solution boiled to expel the iodine and precipitated with 
10 cc. o f B a C l2 solution. A fter  standing over n ight the pre
cip itate  w as filtered off and weighed as B aSC V

D ate of G ram  of barium
N um ber experim ent sulfate obtained

1 Nov. 14, 1910 0.0045
2 Nov. 30, 1910 0.0054
3 N ov. 30, 1910 0.0067
4 Oct. 15, 1910 0.0016
5 Oct. 15, 1910 0.0016

Experim ents 2 and 3 were run side b y  side, and including 1, 
on the sam e iodine solution. Experim ents 4 and 5 were run 
on a new iodine solution.

T h e  following experim ents w ere conducted b y  direct precipi
tation, th a t is, 25 cc. o f iodine solution, used in 4 and 5, were 
diluted to 100 cc., 5 cc. of concentrated H C l added, boiled to 
expel the iodine, and precipitated w ith  BaCl2. Experim ents 
6 and 7 w ere run sim ultaneously, and 8 on the following day.

D ate of G ram  of barium
N um ber experim ent sulfate obtained

6 Oct. 15, 1910 0.0055
7 Oct. 15, 1910 0.0057
8 Oct. 16, 1910 0.0039

T w o  blan k determ inations w ere m ade using in one case a 
closely covered beaker as a receiver and in the second, the special 
“ beaker-flask”  show n in F ig . 1. T h e  results w ere as follows:

G ram  barium  
R eceiver sulfate obtained
Beaker (  °- ° ° 17....................................................... \  0.0052

( 0.0004
"B eaker-flask” ........................................  |  0.0004

{ 0.0005
T ab le  I gives a series of results, ob tain ed  b y  both 

m ethods, on sam ples of gelatin .
T a b l e  I

Barium  sulfate B arium  sulfate P e r cen t sulfur dioxide
T o ta l B lank in sample

Sam ple
No. Flask Beaker Flask Beaker Flask Beaker

59344 0.0040 0.0117 0.0004 0.0052 0.0036 0.0065
59406 0.0041 0.0085 0.0004 0.0031 0.0037 0.0054
59551 0 . 0 0 1 1 0.0043 0.0005 0.0037 0.0006 0.0006
59622 0.0014 0.0137 0.0004 0.0128 0 . 0 0 1 0 0.0009
59647 0.0026 0.0103 0.0004 0.0049 0 . 0 0 2 2 0.0054
59648 0.0015 0.0043 0.0005 0.0025 0 . 0 0 1 0 0.0018
59800 0.0036 0.0164 0.0004 0.0078 0.0032 0.0086
59846 0.0045 0.0147 0.0009 ? 0.0135 0.0036 ? 0 . 0 0 1 2
60008 0.0066 0.0127 0.0004 0.0057 0.0062 0.0070
60009 0.0049 0.0056 0.0004 0.0033 0.0045 0.0023

I t  is ev id en t th a t th e b lan k  determ inations made 
b y  collectin g the d istillate  in beakers show  very  di
vergen t results, w hereas those collected  in the “ beaker- 
fla sk s”  show  excellen t agreem ent, w ith  th e exception 
of th e result on Sam ple 59846, in w hich case the blank 
is e v id e n tly  too  high, no d ou b t ow ing to  a c c i d e n t a l  

error since all of t h e  determ inations were c o n d u c t e d  

on th e sam e iodine solution. W hile good a g r e e m e n t  

was ob tain ed  in several instan ces for percentage of 
SO2 in the gelatin  b y  both  flask  .and “ beaker-flask ’ 
w hen th e  corresponding b lan ks were d educted  from  the 
to ta l BaSO.i, it  is im possible, even  under these condi
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tions, when running b lan ks side b y  side, to obtain  
un iform ly sa tisfa cto ry  results. I t  is, therefore, e v i
dent th a t th e som ew hat p revalen t custom  of running 
a b lan k  once a d ay, or even th a t of running a blank 
w ith  each determ in ation, can not be relied upon to 
g ive sufficien tly  accu rate  results when beakers are 
used to  collect and concen trate the d istillate. T he 
un ifo rm ity  of th e b lan k  results obtained w ith the 
“ beaker fla s k s”  dem onstrates th a t contam in ation  from  
the surrounding atm osphere is o b via ted  in th is case 
and it is, therefore, n ecessary to  run a b lan k  only w ith 
each change in th e  reagents.

T h e follow ing du plicate determ in ations on tw o  sam 
ples of ge latin  show  th e u n ifo rm ity  of results obtained 
b y  p rovid in g again st contam in ation  from  the surround
ing atm osphere:

T a b l e I I
Sam ple B arium  sulfate Barium  sulfate Per cent sulfur di
num ber T otal Blank oxide in sample
6 3 1 8 1  a 0 .0 1 5 5 0 .0 0 0 4 0 .0 1 5 1

b 0 .0 1 4 6 0 .0 0 0 4 0 .0 1 4 2
6 3 1 8 2  a 0 .0 2 6 0 0 .0 0 0 4 0 .0 2 5 6

b 0 .0 2 6 3 0 .0 0 0 4 0 .0 2 5 9

VI— C O M PA R IS O N  OF STEA M  D IS T IL L A T IO N  AND D IR E C T  
D IS T IL L A T IO N

G u d em an 1 recom m ends d istillation  w ith  steam  in 
order to  elim inate errors arising from  decom position 
due to  concen tration  of th e m ass during distillation, 
on the ground th a t  m any food products n orm ally  con
tain  sulfur com pounds w hich y ield  vo la til sulfur 
com pounds on d istillation  w ith  acids and th a t these 
are increased w ith  corresponding increase in acid ity  
and concen tration  of th e mass.

A  num ber of analyses were m ade in order to  determ ine 
w hether it  is n ecessary to observe th is precaution  in 
the case of gelatin . In  all cases th e distillation  was 
conducted in a curren t of carbon  dioxide, using steam  
in one case and h eatin g d irectly  w ith  a B unsen burner, 
as in  th e  usual m ethod, in th e  analyses m ade for com 
parison. T h e sam e volu m e of d istillate was collected 
in both  m ethods. T ab le  I I I  g ives the results of these 
determ inations.

T a b l e  I I I
Percentage sulfur dioxide by d istillation Variation

Sample from steam
number W ith  steam W ithout steam distillation

2 6 2 2 6 a 0 .1 6 6 1 a 0 .1 7 2 3 + 0 . 0 0 3 4
** b 0 .1 6 7 8 b 0 .1 5 7 0  

c 0 .1 7 0 7
Average =  0 .1 6 6 9 A verage =  0 .1 7 0 3

2 6 2 2 7 a 0 .0 8 8 5 a 0 .0 8 8 6 + 0 . 0 0 1 7
b 0 .0 8 6 2 b 0 .0 8 9 4
Average =  0 .0 8 7 3 Average =  0 .0 8 9 0

2 6 2 2 9 0 .0 2 7 7 0 .0 2 5 2 — 0 .0 0 2 5
2 5 9 1 5 0 .0 3 7 5 0 .0 3 7 4 — 0 .0 0 0 1
2 6 7 9 5 0 .0 6 1 8 0 .0 6 3 7 +  0 .0 0 1 9
2 6 7 9 6 0 .0 2 4 7 0 .0 2 5 7 + 0 . 0 0 1 0
2 6 7 9 7 0 .0 1 3 0 0 .0 1 2 1 — 0 .0 0 0 9
2 6 7 9 8 0 .0 5 0 4 0 .0 5 1 6 + 0 . 0 0 1 2
2 6 8 9 0 0 .2 7 3 2 0 .2 7 4 9 + 0 . 0 0 1 7
2 6 8 8 5 0 .0 8 1 2 0 .0 8 2 8 + 0 . 0 0 1 7
2 6 8 8 4 0 .1 0 8 4 0 .1 0 9 8 +  0 .0 0 1 4
6 0 2 3 2 0 .0 0 0 9 0 .0 0 0 0 — 0 .0 0 0 9
6 0 2 3 3 0 .0 0 0 0 0 .0 0 0 2 +  0 .0 0 0 2
6 0 23 4 0 .0 0 0 0 0 .0 0 1 0 +  0 .0 0 1 0
60 471 0 .0 0 2 7 0 .0 0 1 4 — 0 .0 0 1 3
6 0 4 1 9 0 .0 0 5 7 0 .0 0 7 2 + 0 . 0 0 1 5
6 1 4 2 0 0 .0 0 2 6 0 .0 0 2 4 — 0 .0 0 0 2
6 2 12 3 0 .0 0 3 2 0 .0 0 4 2 + 0 . 0 0 1 0
6 2 1 2 4 0 .0 0 4 8 0 .0 0 5 2 + 0 . 0 0 0 4

1 T h i s  J o u r n a l , 1 , 8 1 .

T h e above analyses were conducted  on routine sam 
ples of gelatin  and it is v e ry  like ly  th a t the variation s 
in the tw o m ethods are due to  lack  of un ifo rm ity  in 
th e sam ples. T h e variation s occur in both  directions 
and are not of sufficient m agnitude to indicate th a t 
d istillation  w ith  steam  is n ecessary in the case of gelatin .

V II R E C O V E R Y  OF K N O W N  A M O U N TS OF S U L F U R  D IO X ID E
A  num ber of experim ents were m ade b y  distilling 

know n am ounts of sodium  sulfite solution under the 
conditions observed in the regular m ethod. I t  was 
necessary to prepare a solution  of sodium  sulfite and 
to m easure a liq uot portions, for stan dardization  and 
distillation, a t the sam e tim e so as to  avoid  oxidation. 
T h e stan dardization  of th e  sulfite solution was carried 
out b y  titra tio n  in an atm osphere of CO2, adding the 
sulfite solution to  an excess of iodine and titra tin g  the 
excess of iodine w ith sodium  thiosulfite. T h e fo l
low ing results were obtained:

Sulfur dioxide 
by gravim etric 

Sulfur dioxide determ ination
by titra tion  afte r distillation

Gram  Gram
0 .0 1 4 5  0 .0 1 4 5
0 .0 1 8 3  0 .0 1 7 0
0 .0 2 1 8  0 .0 2 0 7
0 .0 2 1 8  0 .0 2 0 6
0 .0 4 8 7  0 .0 4 8 2
0 .0 4 8 7  0 .0 4 7 7

V III— M ETH O D  OF C A R R Y IN G  OU T T H E  D E T E R M IN A T IO N  
OF S U L F U R  D IO X ID E  IN  G E L A T IN

Apparatus Required..-— P ig. 1 shows the ap p aratu s 
and its arrangem ent in detail. T w o  units are repre
sented, p rovid in g for tw o  determ inations which can

F i g . 1

be conducted a t the sam e tim e. A  W oulff b ottle  
h avin g tw o necks and an ou tlet a t th e b ottom , fitted  
w ith a cylin drical open top, glass stoppered, long 
stem  funnel, is used for generatin g th e CO2. T h e  
outlet tub e a t th e b otto m  of th e W oulff b o ttles is 
connected to a long tub e leading to  a reservoir for re
ceivin g th e spent acid  which is draw n off b y  opening 
the pinchcocks as required. T h e aforem entioned
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W oulfi b o ttle  is connected to a sm aller one p ro v id e d  
w ith  tw o  necks, th is b o ttle  servin g to wash th e C 0 2. 
T h e wash b o ttle  is connected to  th e distilling flask, 
consisting of a long n eck K jeld ah l flask of 500 cc. 
ca p a city , b y  m eans of a glass tu b e  reaching to  w ithin 
l/; inch of th e b otto m  of th e  flask. T h e distilling 
flask is connected to  the condenser through a H opkins 
bulb . T h e glass tu b es a t th e rubber connection are 
brought closely  together and the tu b e leading into  the 
condenser is extended  so as to  lead d irectly  into the 
worm  of the condenser. A  special condenser was 
designed for th is purpose, consisting of an eight-inch 
w orm  condenser provided  w ith  an exit tu b e 4 inches 
in  len gth  and 3/s inch internal diam eter, so as to give 
a  sufficient len gth  of tu b e  w ith ou t requiring additional 
connections. T h e inlet tub e of th e condenser is 2V2 
inches in len gth  and 3/i inch internal diam eter, and 
perm its of conven ien t connection  w ith  th e distilling 
b u lb  b y  m eans of a rubber stopper. A  special receivin g 
flask  w as designed, to  serve also as a flask for concen
tra tin g  the d istillate  and for p recip itation  of th e H 2SO.|. 
T h e  m ain ad va n ta ges of th is “ b eaker-fia sk ”  h ave been 
discussed under V , b u t it  is also efficient in avoid in g 
con tam in ation  w ith sulfurous gases w hile th e distillate 
is being collected  and does not require transferring 
of the d istillate to another receptacle for concen tra
tion. T h e flask is conn ected  to the condenser b y  m eans 
of a paraffined flat cork h a vin g  a sm all angular slit 
in the side to  allow  for th e escape of the carbon dioxide. 
T h e “ b ea k e r-flask ”  has a c a p a c ity  of 400 cc. and is 
4 inches high. I t  is provided  w ith  a lipped neck 
3/< inch high and 3/j inch in diam eter.

Reagents Required.— 1. O rdin ary w hite m arble broken 
into  pieces sm all enough to  pass through the neck 
of th e W oulff bottle.

2. H C 1 for generatin g th e CO2. C h em ically  pure 
con cen trated  H C 1 is d iluted w ith  an equal volum e of 
w ater. C om m ercial H C 1 m ust not be used, ow ing to 
the presence of excessive am ounts of free chlorine.

3. P hosphoric acid. G lacial phosphoric acid  in sticks 
is broken into pieces w eighing ap p roxim ately  5 gram s 
each.

4. Iodine solution. A  N / 20 solution.
5. H C 1 for a cid ify in g  the d istillate. C hem ically  

pure concen trated  HC1.
6. B a C l2. A n  a p p roxim ately  Ar/ s  solution, w hich 

should be p erfectly  clear and free from  sedim ent.
7. R e ce n tly  boiled and cooled distilled  w ater.

N o t e . — D uplicate b lan k determ inations are conducted on 
the reagents using the sam e am ounts as in an actual analysis 
o f gelatin. A  label bearing the result of this standardization 
is placed on th e iodine bottle  and a corresponding correction 
is m ade in every  determ ination. T w o liters of iodine solution 
and a  corresponding am ount of the other reagents, except the 
distilled w ater, are set aside a t  one tim e for a series of analyses.

Determination.— T w en ty-five  cubic centim eters of 
iodine solution are m easured into th e receivin g flask 
and  th e flask is connected to  the condenser so th a t the 
end of th e condenser reaches below  the surface of the 
solution.

T w en ty-sev en  and one-half gram s of gelatin  are 
w eighed in to  th e distilling flask and 300 cc. of dis

tilled  w ater added, togeth er w ith a piece of phos
phoric acid. T h e flask is then  conn ected  to  the ap
paratu s and  the air is displaced b y  CO2 generated 
b y  allow in g th e d ilute H C 1 to fa ll upon th e marble. 
T h e rate  of flow of CO2 is easily  regu lated  b y  ad ju st
in g the flow of acid. W hen th e air has been displaced, 
th e ge latin  is liquefied b y  im m ersing the flask in boil
ing w ater contain ed in a sauce pan, and th e w ater is 
k e p t boiling un til th e gelatin  is com p letely  dissolved. 
Solution  of th e gelatin  is fa c ilita ted  b y  frequently  
a g ita tin g  th e flask b y  m eans of a ro ta ry  motion. 
W hen the gelatin  is com pletely  d issolved, th e boiling 
w ater b ath  is rem oved, the flask dried and  heat ap
plied d irectly  w ith  a B unsen burner.

A  current of C 0 2 is allow ed to  flow through the ap
p aratu s until the d istillation  is com pleted. When 
200 cc. of d istillate  h a ve  been collected, th e apparatus 
is d isconnected, the receiver low ered and th e condenser 
rinsed w ith  a little  hot d istilled  w ater.

A fter  addin g 5 cc. of con cen trated  H C 1 to the dis
tilla te , it  is con cen trated  b y  boiling to  approxim ately  
75 cc., using a Bunsen burner. T h e  solution  is then 
filtered into  a clean  “ b eaker-flask,”  th e filter and re
ceiver being th o ro u g h ly  w ashed w ith  hot distilled 
w ater. T h e filtered  solution  is then h eated  to  boiling 
and io  cc. of B a C l2 solution slow ly  added, stirring 
con tin uously. T h e flask is lig h tly  stoppered  with 
a clean cork and allow ed to stan d  o ver n ight on a 
steam  b ath .

On the fo llow ing m orning the solution  is decanted 
th rough  a 9 cm . b lue ribbon  ashless filter paper, the 
p recip itate  th en  w ashed onto th e  filter and  com pletely 
rem oved  from  th e flask w ith  th e a id  of a rubb er tipped 
rod b en t in an angle so as to  reach the sides of the flask. 
T h e filter is th en  w ashed w ith  hot d istilled  w ater until 
th e  w ashings are free from  chlorides. T h e  filtrate 
should be p e rfe ctly  clear and it  is ad visab le  to allow 
th e  solution  to  stan d, on a steam  b ath  for abou t one 
hour, when b y  g iv in g  th e solution a ro ta ry  motion, 
even  traces of p recip itate w ill collect in  the center 
of th e flask. If no p recip itate  appears, th e  BaSO* 
ob tain ed  in th e first filtration  is ready for ignition; 
otherw ise th e  solution  m ust be refiltered.

T h e filter paper, contain ing the B aS O j, is rem oved 
from  the funnel, a t the sam e tim e w iping off a n y  trace 
of p recip itate  w hich m ay h a ve  crep t over th e paper, 
and 'it  is th en  p laced  in a w eighed platin um  crucible. 
T h e paper is ashed, th e crucible allow ed to  cool and 
th e p recip itate  trea ted  w ith  a drop of pure concen
tra te d  H2SO4 in  order to co n vert a n y  barium  sulfide, 
w hich m ay have been form ed b y  reduction, to  BaSOj- 
A fte r  expelling th e excess of H2SO4, th e crucible is 
h eated  to  a brigh t red for five m inutes, cooled in a 
desiccator and w eighed. T h e trea tm en t w ith  H2SOj 
is repeated  un til a con stan t w eigh t is obtained. The 
b lan k  ob tain ed  on th e reagen ts is deducted  from  this 
w eight and th e difference gives the percentage of S02 
in the sam ple.

N o t e . — 27.5 gram s of the sam ple are used, since the w e ig h t 
of BaSO< obtained d irectly  gives the percentage of S 0 2 w ith o u t 
further calculation. I t  is n ot necessary to  weigh this sample 
closer than to  0.1 gram.
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O R IG IN  OF S U L F U R  D IO X ID E  IN  G E L A T IN
I E F F E C T  O F D IS T IL L A T IO N  OR P O S S IB L E  L IB E R A T IO N

OF V O LA TIL  S U L F U R  CO M PO U N D S 
A lexa n d er,1 in a paper on th e determ ination  of 

sulfur dioxide in  gelatin , considered it  like ly  th a t 
som e of the organic sulfur in the gelatin  is carried over, 
in the form  of v o la til su lfur com pounds, when distilled 
w ith phosphoric acid  in a curren t of C O .. He also 
considered it  p robable th a t th e tim e and in ten sity  of 
heatin g and the concen tration  of th e solution in 
fluenced th e q u a n tity  which appeared in the distillate. 
This su b ject has a lread y  been discussed in part in 
connection  w ith  steam  distillation  and d irect d istilla
tion, b u t th e fo llow ing experim ents h ave a more direct 
bearing on th e effect of tim e and in ten sity  of heating:

1. 27.5 gram s of gelatin  were dissolved in 300 cc. of w ater 
and heated in an autoclave a t  20 lbs. pressure for 30 minutes. 
A fter the addition of phosphoric ‘acid the flask was connected 
to  the distillation  apparatus and the am ount of SO2 determined 
in the usual m anner. The result of this determ ination, expressed 
in per cen t b y  w eigh t of the original gelatin, was 0.0007 against
0.0013 in the original sam ple, thus show ing a  loss of SO2.

2. Sam e as E xperim ent 1, except th a t the solution was heated 
for one hour in th e autoclave a t  20 lbs. pressure. T h e am ount 
of SO2 found w as 0.0002 per cent, show ing a still greater loss of 
SO,.

3. Sam e as E xperim en t 1, except th a t the solution w as heated 
for tw o hours in the autoclave a t  20 lbs. pressure. In this 
experim ent 0.0003 per cen t of SO2 w as obtained, practically 
the same am ount as found in Experim ent 2.

I t  is ev id en t from  these experim ents th a t th e h eat
ing of th e gelatin  solution  in an unstoppered flask 
in th e a u to clav e  resulted  in a loss of SO2. As th e tim e 
of heatin g w as increased, th e gelatin  lost consider
ab ly  in gelatin izin g  pow er and deposited a grayish 
coagulum . T h e sam ple of gelatin  selected for this 
experim ent contain ed  an excep tion ally  sm all am ount 
of S 0 2, th e o b ject being to  determ ine w hether the 
heating, in th e  absence of phosphoric acid, caused 
a cleavage of th e gelatin  w hich w ould render it more 
susceptible to  a tta c k  and possible liberation  of volatil 
sulfur com pounds on d istillatio n  w ith  phosphoric 
acid.

4. A  fourth experim ent was conducted in which 27.5 grams 
of the sam e gelatin used in the previous experim ents w as placed 
in the distilling flask o f the apparatus (Fig. 1), 300 cc. of w ater
added, acidified w ith  phosphoric acid and distilled in the usual
manner, collecting 200 cc. of distillate in iodine. B y  means 
of a  separatory funnel, a ttach ed  to  the distilling flask, 200 cc. 
of w ater were added to  the residue in' the distilling flask, thus 
replacing the volum e of w ater collected in the distillate: 200 cc. 
of d istillate w ere again collected in a receiver containing a fresh 
supply of iodine. T his operation w as repeated once more, 
three successive distillates being collected. T h e am ount of 
S0 2 found in each distillate, expressed in per cent b y  w eight of 
the original gelatin, was as follows:

D istillate I  -  0 .0014%
D istillate I I  -  0 .0001%
D istillate I I I  =  0.0000%

This experim ent shows th a t prolonged heatin g in 
the presence of phosphoric acid , w ith the resultant 
increase in concen tration  and a cid ity , does not cause 
a dissociation of th e organic sulfur of th e gelatin  with

1 J . Am . Chem. Soc.. 29, 783.

liberation  of vo la til sulfur com pounds w hich are oxi
dized to  H2SO4 b y  iodine.

T h e fa ct th a t  16 sam ples, out of over 1000 sam ples, 
were found to  contain  ab so lu tely  no SO2 is convincing 
evidence th a t dissociation of th e n atural sulfur in 
gelatin , w ith liberation  of v o la til sulfur com pounds 
oxidizable to H2SO4 b y  iodine, does n ot occur under 
the conditions observed in th e determ ination  of S 0 2.

It  is interestin g to  note th a t  th e on ly  sulfur-con 
tain in g dissociation-product obtained  so fa r from  ge la
tin 1 b y  H arb aczew ski,1 is H 2S. E ven  if th is were 
liberated  under th e a n a lytica l conditions, it w ould 
n ot be oxidized to H2SO4 b y  the iodine solution.

I I — S IG N IF IC A N C E  OF S U L F U R  D IO X ID E  IN  G E L A T IN  
FO R  B A C T E R IO L O G IC A L  P U R P O S E S

T h e fa c t th a t  th e heatin g of a solution of gelatin  
under pressure results in a loss of S 0 2 is of interest 
in connection w ith the preparation  of n u trien t m edia 
for bacteriological w ork. A  sam ple of sheet gelatin  
w hich contained 0.1108 per cen t of S 0 2 was used 
to prepare a q u a n tity  of n utrient m edia. T w e n ty  
tubes of the prep aration, containing in all 26.04 
gram s of the original gelatin , were analyzed  for S 0 2 
w ith the follow ing result:

Calculated from 
original SO? 
content of 

Found gelatine
Per cent Per cent

SOs in nu trien t m edia.........................  0.0009 0.0133
T h e loss in SO . w hich resulted in the process of prep

aration  was, therefore, 93 per cen t of th e original 
conten t of SO2. A n other prep aration  from  th e sam e 
gelatin  contained 0.0006 per cen t of S 0 2 which corre
sponds to  a loss of 95 per cent. Leffm ann and L a W a ll2 
h ave reported the SO2 con ten t of tw o  sam ples of im 
ported gelatin , used largely  for bacterio logical w ork, 
as 265 and 835 parts per m illion and believe th a t such 
gelatin  is un suitable for culture m edium . T h e y  sug
gest th a t b acteriologists establish a strict stan dard  
for gelatin . T h e above results on a cu lture m edium  
prepared from  a gelatin  contain ing 1108 parts of SO2 
per m illion, in d icate th a t  th is precaution  is unneces
sary  and also accoun t for th e fa c t th a t  b acteriologists 
h ave not experienced d ifficu lty  when em p loyin g m edia 
prepared w ith such gelatin .

I l l — O C C U R R EN C E  OF S U L F U R  D IO X ID E  IN  G E L A T IN  
P R E P A R E D  FRO M  R A W  M A T E R IA L S F R E E  FRO M  

S U L F U R  D IO X ID E
A  num ber of experim ents were conducted  in which 

tw o sam ples of ge latin  were prepared in th e lab oratory . 
T h e bones used for this w ork were obtained  from  a càlf 
w hich was killed in th e lab o rato ry  in connection w ith 
another in vestigation , so th a t  there w as no question 
as to  th e origin of th e  raw  m aterial. T h e bones 
were carefu lly  freed from  adhering m eat, chopped into 
sm all pieces, th o rou gh ly  w ashed, and  3133 gram s were 
then digested for three d a ys w ith  four tim es their 
w eight of H C 1 (sp. gr. 1 .15 ). T h e  m aterial w as then 
washed free from  acid, covered  w ith  a satu rated  solu
tion  of calcium  h yd rate  and allow ed to  stand for three

1 G ustav-M ann, "C hem istry  of the  Proteids,”  1906, p. 562.
2 Analyst, 36, 271.



3. T h is portion w as digested w ith  the sam e am ount of w ater, 
as in the case of Experim ent 2, for 5 hours under reduced pres
sure, b u t solution took place so slow ly th a t it w as necessary to  
place the m ixture in an autoclave. A fter 50 m inutes’ heating 
a t  19 to  22 lbs. pressure, the solution w as poured in to a tra y  and 
then dried as in the case of Experim ent 2. A n  analysis of this 
product gave 0.0199 per cent o f S 0 2.

These experim ents show th a t th e S 02 could only 
h ave been absorbed from  the air passed over the je lly  
during the dryin g. T h e d ry  “ s to c k ”  contain ed b u t

the SO2 con ten t in  p arts per m illion and g iv in g the 
percen tage of sam ples foun d w ith in  variou s limits 
during th e  years 1907 to  1912 inclusive. T a b le  IV 
gives th e  percen tage of sam ples w ith in  these lim its 
and T a b le  V  gives the sam e resu lts ta b u la ted  in four 
groups so as to show  the to ta l percen tage of sam ples 
occurring w ith in  th e lim its given  for th e different groups. 
In  C h arts  I  to  I V  th e  d a ta  contain ed in T a b le  V  are 
represented grap h ically .
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days. T h e m aterial w as then th o ro u g h ly  washed 
and pressed to rem ove as m uch w ater as possible. 
T h e resulting wet “ s to c k ”  w eighed 1589 gram s and 
th is w as d ivided in three portions for th e follow ing 
experim ents:

1. T h e  w e t “ s to c k ”  was dried in a current of air and when 
air-dry it  weighed 228 gram s, thus show ing 57 per cent of w ater 
lo st from  the original to the air-dry condition. A  determ ina
tion of SO2 on this air-dry m aterial gave 0.0006 per cent.

2. T h e  w e t “ sto c k ”  w as digested w ith  three tim es its w eight 
of w ater for 30 m inutes in an autoclave a t 22 lbs. pressure, which

traces of S 02 w hich in all p ro b ab ility  w as also a b 
sorbed in th e d ryin g. G as burners were used occasion
a lly  in the room  where th e d ryin g process w as carried 
out and th is u n do u b ted ly  augm en ted  the SO2 content. 
B o th  products were free from  odors of decom position, 
so th a t bacteria l influences were n ot responsible for 
the rath er high SO2 content.

S U L F U R  D IO X ID E  C O N T E N T  OF C O M M ER C IA L G E L A T IN
A  large num ber of sam ples of com m ercial gelatin  

obtained  from  various sources h ave been exam ined

gave a transparent solution. T his w as poured into a glass tray  
in w hich it  gelatinized on cooling. T his je lly  w as superficially 
dried in a current of air from an electric fan and then rem oved 
to  a  wire netting to  com plete the drying. T h e  entire drying 
w as conducted in a room  separated from the m ain laboratory 
so as to  avoid  unusual contam ination w ith  sulfurous gases. 
A n  analysis of the air-dried product gave  0.0189 per cen t of 
SOs.

in th is lab o rato ry . T hese products include dom estic 
and  foreign  gelatins and represent th e m aterials pro
duced b y  more th a n  tw e n ty  different m anufacturers. 
P rom  1907 to  1912 inclusive, 1060 sam ples were ex
am ined. A  ta b u la tio n  of the in d ivid u al analyses 
w ould be un necessarily  burdensom e and, therefore, 
th e results h a ve  been arranged in groups, expressing
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T adle IV
SO2 Percentage of samples

million 1907 1908 1909 1910 1911 1912
0-  10 0 . 0 0 7.45 10.45 7.45 17.46 2 0 . 2 2

10-  20 0 .78 11.70 7 .84 9.09 26.35 7.86
20 - 30 0 . 0 0 7.45 5.23 10.64 22.85 4.493 0 - 40 0 . 0 0 9 .56 1 1 . 1 1 9 .50 10.47 4.49
4 0 - 50 3.15 7.45 7.84 9 .56 4.76 0 . 0 0
5 0 - 60 3.93 5.85 7 .84 5.32 3.17 1 . 1 2
60- 70 3.93 2 . 6 6 2.62 6.92 0.95 4.4970- 80 2 .36 2 . 6 6 7.19 5.32 0.63 2.24
80- 90 3 .93 2 . 1 2 4.57 2 . 1 2 0.63 1 . 1 2
9 0 - 100 1.57 3.72 1.95 1.60 0.63 2 .24

100- 150 10.23 5.32 3 .90 11.17 0.63 15.73
150- 200 9.45 4.25 5.23 3 .72 0.31 14.60
200- 250 4 .72 4 .78 2.62 3 .20 1.26 3 .36
250- 300 6 .30 1.60 2.62 0.53 2 . 2 2 3 .36
3 00- 350 5.51 1.06 1.95 1.06 0.95 2.24
350- 400 2 .36 0 . 0 0 1.95 0.53 1.26 0 . 0 0
400- 450 3.15 1.60 0 . 0 0 1.06 1.58 2.24
450- 500 3.15 0 . 0 0 0.65 2 . 6 6 0.95 1 . 1 2
500- 600 3.15 2 . 1 2 2.62 1.60 0.63 1 . 1 2
600- 700 6.30 3.72 1.31 1.60 0.63 2 .24
700- 800 3.93 1.06 1.31 0.53 0.31 0 . 0 0
800- 900 3.93 2 . 6 6 0 .65 1.06 0 . 0 0 1 . 1 2
900-1000 1.57 1.60 1.31 0 . 0 0 0 . 0 0 1 . 1 2

1000-1500 11.81 3.72 3 .26 3 .20 0.31 3.36
1500-2000 2 .36 2 . 6 6 0.65 0 .53 0.63 0 . 0 0
2000-2500 0 .78 1.06 0.65 0 . 0 0 0 . 0 0 0 . 0 0
2500-3000 0 .78 1.60 1.31 0.53 0.31 0 . 0 0
3000-3500 0 .78 0 . 0 0 0.65 0.53 0 . 0 0 0 . 0 0
3500-4000 0 . 0 0 0.52 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

kbove 4000 0 . 0 0 0 . 0 0 0 .65(a) 0 .00 0 . 0 0 0 . 0 0
(ö) Contained 0 .7410 per cent, or 7410 parts per million.

T able V
SO2 Percentage of samples

Jriirts p i t
million 1907 1908 1909 1910 1911 1912
0-  10 0 . 0 0 7.45 10.45 7.45 17.46 2 0 . 2 2
0-  20 0 .78 19.15 18.29 16.54 43.81 28.08
0 -  30 0 .78 26.60 23.52 27.18 6 6 . 6 6 32.57
0 -  40 0 .78 36.16 34.63 35.62 77.13 37.06
0 -  50 3 .93 43.61 42.47 45.19 81.89 37.06
0-  60 7.86 49.46 50.31 50.51 85.06 38.18
0 -  70 11.79 52.12 52.93 57.43 8 6 . 0 1 42.67
0-  80 14.15 54.78 60.12 62.75 86.64 44.91
0 -  90 18.08 56.90 64.69 64.87 87.24 46.03
O- 100 19.65 60.62 66.64 66.47 87.90 48.27

100- 150 10.23 5 .32 3 .90 11.17 0.63 15.73
100-  200 19.68 9.57 9 .13 14.89 0.94 30.33
IOO- 250 24.40 14.35 11.75 18.09 2 . 2 0 33.69
100- 300 30.70 15.95 14.37 18.62 4.42 37.05
100- 350 36.21 17.01 16.32 19.68 5.37 39.29
100- 400 38.57 17.01 18.27 2 0 . 2 1 6.63 39.29
100- 450 41.72 18.61 18.27 21.27 8 . 2 1 41.53
100- 500 44.87 18.61 18.92 23.93 9 .16 42.65
500- 600 3.15 2 . 1 2 2.62 1.60 0.63 1 . 1 2
500- 700 9.45 5.84 3.93 3 .20 1.26 3 .36
500- 800 13.38 6.90 5 .24 3.73 1.57 3 .36
500- 900 17.31 9 .56 5 .89 4.79 1.57 4 .48
500-1000 18.88 11.16 7 .20 4 .79 1.57 5 .60

1000-1500 11.81 3 .72 3 .26 3 .20 0.31 3 .36
1000-2000 14.17 6 .38 3.91 3.73 0.94 3 .36
1000-2500 14.95 7.44 4 .56 3 .73 0 .94 3 .36
1000-3000 15.73 9 .04 5.87 4 .26 1.25 3 .36
1000-3500 16.51 9 .04 6.52 4 .79 1.25 3 .36
1000-4000 16.51 9 .57 6.52 4.79 1.25 3.36
1000-4000 + 16.51 9.57 7.17 4.79 1.25 3.36
T h e results show  th a t the 1907 sam ples contained 

the largest am ount of S 0 2| on ly  19.65 per cen t of the 
sam ples contain ing less th a n  100 parts per million 
and 3 5 -3 9  per cen t above 500 p arts per m illion. The 
1908 sam ples show  60.62 per cen t of the sam ples below 
100 parts per m illion and 20.73 Per cent above 500 
parts per m illion. T h e 1909 and 1910 sam ples are 
quite sim ilar th rou gh ou t. In  19 11 th e analyses show 
87.90 per cent of the sam ples w ith  less th an  100 parts 
per m illion and on ly  2.77 per cen t above 500 parts

per m illion. T h e 1912 sam ples contained m ore SO2 
th a n  the 1911 sam ples, th is being due to  th e fa ct 
th a t a large num ber of th e 1912 sam ples, 42.65 per 
cent, contain ed from  xoo to  500 p arts per m illion.

C o m p a rativ e ly  few  sam ples contained less than  
10 parts per m illion. A  num ber of th e  sam ples con
tain in g less than  10 p arts per m illion were foun d to 
contain  hydrogen peroxide ev id en tly  added to destroy 
S 0 2.

In this connection, the results obtained  on the tw o 
sam ples of gelatin  prepared in the lab o rato ry  are 
significant. T hese sam ples con tain ed '189 and 199 parts 
per milion of SO», resp ective ly , w hereas th e air-dried 
“ s to c k ”  from  w hich th e y  were prepared contained 
on ly  6 parts per m illion. T w o  m ore sam ples of gelatin  
prepared in th e  lab o rato ry  from  fresh calf bones, 
purchased in a butcher shop, contain ed 23 and 78 
parts per m illion. In  this case th e je lly  w as also dried 
on glass plates in a curren t of air from  an electric fan. 
I t  is, therefore, not surprising th a t even  excessive 
am ounts of SO» m ay be foun d in gelatin  prepared from  
selected stock. In th e m an ufacture of gelatin , the 

' th in  gelatin  solutions are con cen trated  to  the desired 
consisten cy so th a t ge latin ization  w ill ta k e  place on 
cooling. T h e je lly  is then  sliced and dried in a con
tinuous current of air a t 85 to 9 5 0 P . If  th e fa cto ry  
is situated  in a m an ufacturin g d istrict, where m uch 
coal is burned, it  is to  be exp ected  th a t th e  S 0 2 absorbed 
b y  th e gelatin  w ould be greater th an  in th e case of 
gelatin  m anufactured  in o u tly in g  districts.

N atu ra lly , th e selection of the stock  is also im por
tan t, since it m ay contain  considerable am ounts of 
S 0 2. T h irty-s ix  sam ples of sto ck  exam ined in 1908, 
1909 and 1910 ga v e  th e fo llow ing results:

Sulfur dioxide 
P arts  per million

M axim um .......................... 1695
M inim um ..........................  9

A verage................ 407
In  conclusion, I wish to  ackn ow ledge m y in d eb ted 

ness to  m y assistant, M r. E . S. L iebscher, for his 
painstakin g w ork in  carry in g  out a considerable part 
of th e analyses and experim ents.

L e d e r l e  L a b o r a t o r i e s
3 9 - 4 1  W e s t  3 8 t h  S t r e e t  

N e w  Y o r k

E X P E R IM E N T A L  D A T A  O N  T H E  D E T E R M IN A T IO N  O F
S A C C H A R IN  IN  F O O D S  W IT H  A M O D IF IC A T IO N  

O F  S C H M ID T ’S  M E T H O D S
B y  H a l s e y  D u r a n d  

Received O ctober 13, 1913
A  recent ruling of th e B oard  of H ealth  of th e D e

partm en t of H ealth  of N ew  Y o rk  C ity  prohibited  
the use of saccharin  in foods and drinks (see Section 
68, S an ita ry  C ode). T h e enforcem ent of th is law  
required th e exam ination  of a large num ber of sam ples 
of various foodstuffs and soft drinks in w hich v io la 
tions were expected.

A  m ethod for th e detection  of saccharin  w as sought 
which could be done p o sitive ly  and w ith as m uch speed 
as possible.

A  review  of the literature ga v e  five m ethods, as 
follow s:
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I .  T a s t e  T e s t .— -The aqueous solution of the sam ple 
is acidified and shaken out w ith  ether. T h e  ethereal 
la y e r  sep arated  and evap orated  to  dryness and a sm all 
portion of th e residue applied to  the ton gue. A n 
extrem ely  sw eet taste  follow ed b y  a b itter ta ste  in d i
cates saccharin.

II. B o r n s t e i n ’ s  T e s t .— (Z . anal. Client., 2 7 ,  s. 
165). A queous solution is shaken as ab ove and the ether 
residue h eated  w ith  resorcin and a few  drops of concen
tra ted  sulfuric acid, till the m ass begins to  swell. 
C ool. R e p ea t heatin g and cooling several tim es. 
C ool, d ilute w ith  w ater and n eutralize w ith  sodium  
h yd ra te . R ed-green  fluorescence in dicates presence 
of saccharin.

II I .  K a s t l e ’ s T e s t .— (B ull. 26, H yg. L ab ., TJ. S. 
P ub. H ealth  & M ar. H osp. Serv.) T h e eth er residue 
is trea ted  w ith  a few  drops of a m ixture of 5 cc. 
of phenol and 3 cc. of pure concen trated  sulfuric 
acid. I t  is then  heated  for 5 m inutes to  16 0 -170 ° C. 
and the mass dissolved in w ater and m ade alkalin e 
w ith  sodium  h yd rate . A  dark purplish red or pink 
in dicates th e presence of saccharin.

IV . S c h m i d t ’ s  T e s t .— (Rep. A nal. Chetn., 3 0 .)  R e s
idue from  ether extractio n  is heated  in a porcelain  
dish w ith  abou t 1 gram  sodium  h y d ra te  for one-half 
hour at 250° C. in air oven or linseed oil b ath . T h is 
con verts saccharin  to  sodium  salicy late . T h e m elt 
is dissolved  in w ater, acidified w ith  hydrochloric acid  
and shaken w ith  ether. E v a p o ra te  ether, ta k e  up 
residue w ith  w ater and add d ilu te  ferric chloride solu
tion. A  vio le t color in dicates th e presence of saccharin . 
T h e absence of sa licy lic  acid  m ust first be ascertained 
before ap p lyin g this m ethod. If sa licylic  acid  is pres
en t th e ether residue is trea ted  w ith  d ilute h yd ro 
chloric acid  and brom ine w ater added in excess. T h e 
liquid  is well shaken and filtered. T h e sa licy lic  acid  
is com pletely  rem oved  as a brom ine d eriva tive . T h e 
filtrate is m ade stron gly  alkalin e and evap o rated  and 
heated  d.s above. B y  th is m eans th e false saccharin  
freq u en tly  found in  wines and g iv in g fa in t reactions 
for saccharin  is also elim inated.

V . A l l e n ’ s  T e s t .— (A llen ’s Com. Organ. A n al., 2, 

P t. 3, p. 38.) T h e ether residue is rendered alkalin e 
w ith  sodium  h y d ra te  and ashed. T h e ash is tak en  
up w ith w ater m ade acid w ith  h ydroch loric acid  and 
tested  w ith barium  chloride or sulfur. T h e presence 
of sulfur indicates saccharin.

T h is test, a little  potassium  n itrate  being added 
during ignition, is also used for th e q u a n tita tiv e  de
term ination  of saccharin, th e  b arium  sulfate being 
w eighed and the w eight x 0.7S3 =  saccharin . T h is 
q u a n tita tiv e  m ethod was n ot tried  as the presence of 
saccharin  is sufficient ground for prosecution.

T e s t  I . — T h e ta ste  test w as tried  and foun d to  be 
v e ry  sa tisfa cto ry , th e  absence of th e sw eet taste  
being a good indication  in m ost cases of th e absence 
of saccharin . H ow ever, the p o ssib ility  of other su b 
stances producing th e sw eet taste , and also of th e  sw eet 
ta ste  being m asked b y  b itter substances in th e residue, 
m ade it  n ecessary to  have som e fu rth er test as con
firm ation.

T e s t  II  w a s  t r i e d  a n d  g a v e  g o o d  r e a c t i o n s .  I t

w as found, how ever, th a t  a large num ber of organic 
com pounds give th e sam e reaction  as saccharin , so 
th is m ethod w as discarded. .

T e s t  I I I  was tried  and excellen t results were obtained 
when pure saccharin  w as used. W hen ether residues 
obtained  from  sh akin g out aqueous solutions of foods 
and drinks were trea ted  w ith th e phenol-sulfuric 
acid  m ixture and n eutralized  w ith  sodium  h yd rate 
th e  ch aracteristic  color did n ot appear. T h e failure 
of th is reaction  is ev id en tly  due to the presence of 
sm all am ounts of im p u rity  in th e residue. E fforts 
were m ade to ob tain  the pure phenol com pound from  
th e  aqueous solution  after treatin g the residue w ith 
phenol-sulfuric acid  m ixture, b y  sh akin g out w ith 
am yl alcohol and iso b u ty l alcohol and trea tin g  the 
sep arated  alcohol solutions w ith  sodium  hydrate, 
w ith o u t results.

T e s t  I V  (S ch m id t’s) w as tried  rep eated ly  b y  the 
lab o rato ry  force using th e variou s m odifications as 
suggested  b y  different authorities. In v a ria b ly  the 
ether residue, ob tain ed  b y  shakin g ou t th e acidified 
aqueous solution of the m ass a fter heatin g, gave a 
benzoic acid  reaction  on addition  of d ilute ferric chloride 
solution. It  w as foun d als6 th a t  the saccharin  in 
th e original eth er residue w as con verted  in to  benzoic 
acid  when trea ted  w ith  sa tu rated  sodium  hydrate 
solution and allow ed to  stan d  over n igh t a t room  tem 
perature. E xcellen t results were ob tain ed  in  th is w ay 
and th is m ethod w as adopted  b y  th is la b o ra to ry  as 
a con firm atory  te st to  be used w ith  th e ta ste  test. 
T h is .method w hile g iv in g  good results required too 
lon g a tim e for its com pletion.

M ETH O D  A D O PTED
T h e w riter has recen tly  succeeded in  obtaining 

th e sa licy lic  acid  b y  S ch m id t’s m ethod (IV ) both in 
pure saccharin  and in  ether residues contain ing sac
charin, b y  proceeding as follow s:

One hundred cc. of an aqueous solution  of the 
sam ple to  be exam ined for saccharin  are acidified 
w ith  phosphoric acid  and shaken out w ith  ether in 
th e  usual m anner. T h e sep arated  ether is filtered 
th rou gh  double folded filter papers, to  rem ove moisture, 
in to  a n ickel dish of conven ien t size and evaporated  
to  dryness. A fter  ascertain in g th e absence of salicylic, 
(see description  of S ch m id t’s m ethod), the residue is 
trea ted  w ith ab ou t 1 cc. of sa tu rated  sodium  hydrate 
solution, a llow in g th e alkali to  com e in con tact with 
th e  entire residue. P lace the dish on a piece of as
bestos b oard  a b ou t 3 mm . in th ickness, heat for 8-10 
m inutes over a B unsen flam e, cool, ta k e  up w ith  water, 
a cid ify  w ith  hyd roch loric  acid, and shake out with 
ether. E v a p o ra te  ether, to  w hich a sm all am ount 
of am m onium  h y d ra te  has been added, in a glass dish 
on w ater b ath , ta k e  up residue w ith  a little  water 
and test w ith dilute ferric chloride for sa licy  ic acid. 
T h is m ethod ga v e  v e ry  sa tisfa cto ry  results r e q u ir in g  

abou t three-q uarters of an hour.
T h e w riter has fu rth er sim plified and shortened 

th e tim e required for th e  m ethod and also 
elim inated  the p o ssib ility  of th e sublim ation of 
the sa licylic  acid  on th e w ater b ath  b y  om itting 
the trea tm en t of th e final ether residue w ith  ammonium
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h yd ra te  and its evap oration  to dryness. T h e  ether 
residue, a fter separation, is poured into a te st tub e and 
abou t 5 cm . of w a ter con tain in g a sm all am ount of 
ferric chloride are added. T h e  test tube is then shaken  
vigorou sly  and th e  ether and w ater layers allow ed to 
separate. T h e  presence of sa licy lic  acid  is indicated  by 
a v io le t coloration  of the w ater layer.

C h e m ic a l , L a b o r a t o r y , D e p a r t m e n t  o p  H e a l t h  
N e w  Y o r k  C it y

B O U IL L O N  C U B E S
By F. C . C o o k 1 

Received Septem ber 13, 1913 
IN T R O D U C T IO N  

Bouillon  cubes consist of a large am ount of com m on 
salt m ixed w ith v a ry in g  am ounts of m eat and p lant 
extra ct, a sm all per cent of fa t, and a little  condi
m ent. Som e of the p roducts sold under the nam e 
“ bouillon c u b e s”  contain  b u t a sm all per cent of 
m eat sto ck  or extra ctiv es, and are n ot en titled  to  the 
term  “ b o u illo n ”  unless it  is m odified. T h ey  are 
exten sively  ad vertised  as cap ab le of m aking a stim u
latin g and ap p etizin g  hot drin k sim ply b y  being dis
solved in hot w ater. T h e y  h ave, therefore, a leg iti
m ate place am ong our d ie ta ry  accessories.

Several brands of these cubes h ave appeared on the

of th e A ssociation  of Official A gricu ltu ral C h em ists ,1 
to ta l creatin in  b y  th e B en ed ict-M yers2 a u toclave 
m ethod, and precip itation  w ith  alcohol in h y d ro 
chloric acid  solution was carried out according to 
R ip p eto e ’s m eth od ,3 w hich is as follow s:

R ippeloe’s Method.— T ran sfer 10 cc. of an aqueous 
solution  containing 2 gram s of th e sam ple to a 200 
cc. glass-stoppered m easuring cylin der, add 1.2 cc. 
of 12 per cen t hydrochloric acid, m ix and add absolute 
alcohol to th e 200 cc. m ark, shake and let stan d several 
hours a t 20 to  25° C . If  n ecessary m ake to  mark,, 
filter, and determ ine to ta l nitrogen in 100 cc. of filtrate.

T h e a c id ity  figures were obtained b y  titra tin g  one 
gram  of th e sam ple dissolved  in 100 cc. of w ater w ith  
tw en tieth-n orm al sodium  hydroxide, using phenol- 
phthalein  as indicator. T h e results obtained  on the 
ten sam ples of cubes an alyzed  are given  in T ables 
I and II.

T h e w ater con ten t of the cubes exam ined was under 5 
per cent and th e ether ex tra ct figures varied from  1 to 
4.58 per cent. These last figures represent the am ount 
of fa t added to  these cubes during the process of m anu
facture. T h e ash, which is large ly  sodium  chloride, 
varied  from  50 to  74 per cent. A  large am ount of 
sodium  chloride is n ecessary to g ive a sa lty  ta ste  to 
th e cup of w ater in w hich th e cube is dissolved, and

T a b l k  I — A n a l y s is  o p  B o u i l l o n  C u b e s — O r i g i n a l  B a s i s
Nitrogen

Sample Solids
Organic
m aterial

E ther
extract Ash

T otal 
chlorine as 

sodium 
chloride

T otal 
phosphoric 
acid (PjOs)

Acidity 
(cc. tw entieth- 

normal 
sodium 
liydroxid

Total
nitrogen

precipitated 
by absolute 
alcohol in 

hydrochloric 
acid

T otal
crea
tinin
Per

No. B rand Per cent P er cent P er cent Per cent P er cent Per cent per 1 gram) Per cent Per cent cent
1977 B ehrend 96.60 22.86 1.93 73.74 72.13 1.02 6 .20 2.19 0 .13 0 .84
1978 Oxo 95.06 25.31 3 .10 69.75 65.00 1.51 6 .50 2.97 0 .86 1.07
1979 Steero 96.05 28.41 1.20 67.64 62.15 1.83 9.15 3 .62 0.76 1.67
1980 B urnham 96.87 41.94 1 . 0 0 54.93 52.90 0 .58 6.10 2.11 0.05 0.88
1981 Sunbeam 95.73 45.23 1.44 50.50 49.26 0 .54 7 .30 2.36 0 .02 0 .92
1982 Arm our 96.05 26.48 0.96 69.57 67.44 0 .62 6 .00 2.79 0.17 1.07
1983 M orris 96.77 33.00 3.79 63.77 59.17 1.69 9 .68 3.67 0 .56 1.07
1984 S tandard 95.81 21.76 4.19 74.05 72.22 0.48 5.01 2.09 0.07 0 .50
1985 Liggitt 96.00 21.91 4.58 74.09 71.98 0.41 4.75 2.11 0.05 0 .49
1986 K norr 95.44 26.24 4.57 69.20 65.00 1.55 7.40 3 .20 0.91 1.38

Am erican m arket in th e past five years, m ost of them  
m anufactured in th is cou n try , and some im ported 
from  G erm an y. M a n y  are w rapped in tin  foil, while 
others are w rapped in paraffin paper, and occasionally 
a brand of cubes is found in both  foil and paper. 
As th e m oisture con ten t is low  and a large am ount of 
salt is present, th e y  will keep indefinitely, although 
certain  m akes ten d  to  lose their form  during warm  
weather.

T h e bouillon  cubes w hich are reported in this paper 
were collected  on the N ew  Y o rk  m arket in 1912.

M ETH O D S OF A N A LY SIS
T h e sam ples were prepared for analysis b y  grinding 

fifteen to tw e n ty  cubes in a m ortar as thoroughly 
as possible and p lacin g the com posite paste in small 
screw-cap jars. T h e solids were obtained b y  drying 
to constan t w eigh t in  vacuo a t 65° C . T h e ash, 
sodium  chloride, phosphoric acid  (P2O5), nitrogen, 
and ether ex tra ct were determ ined b y  the m ethods

1 Physiological Chemist, Animal Physiological C hem istry Laboratory, 
Bureau of Chem istry.

to furnish b o d y  to the cube. Suden dorf4 a n alyzed  
18 sam ples of cubes bough t on the m arket at H am 
burg, G erm an y, and tw o sam ples prepared in his

T a b l e  I I — A n a l y s i s  o p  B o u i l l o n  C u b e s — W a t e r , F a t , a n d  A s h -p r e e
B a s is

Phosphoric T otal T o ta l R atio  of
Sample acid (P2O6) nitrogen creatinin creatin in  t<

No. Brand P er cent Per cent Per cent to ta l nitrogi
1977 Behrend 4 .86 10.50 4.01 1 : 2 .6
1978 Oxo 6.80 13.37 4 .82 1 : 2 .8
1979 Steero 6.73 13.30 6 .14 I : 2 .2
1980 Burnham 1.41 5.03 2 .10 1 : 2 .4
1981 Sunbeam 1.23 5.39 2 .10 1 : 2 .6
1982 Armour 2.43 10.94 4 .19 1 : 2 .6
1983 M orris 5 .78 12.57 5 .82 1 : 2 .2
1984 Standard 2.73 11.88 2 .84 1 : 4 .2
1985 Liggitt 2.37 12.18 2.83 1 : 4 .3
1986 K norr 7 .14 14.75 6.36 1 : 2 .3

lab oratory . T h e la tter  contained sufficient sa lt to 
g ive a satisfa cto ry  ta ste  to  the cup of bouillon. T h e

1 Bull. 107, Rev., Bureau of C hem istry, U . S. D ept. Agr.
2 A m . J . Phys., 18, 397 (1907).
* P riva te  communication.
* Z . Nahr. Gcnussm., 23, 577 (.1912).
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results show ed th a t  65 per cent of sodium  chloride 
is sufficient to  be added to  a cube.

T h e figures for to ta l creatin in  v a ry  according to 
th e  am oun t and kind of th e  m eat extra ct present. 
T h e to ta l creatin in  includes th e original creatin in  of 
th e  cube and th e  creatin  w hich has been changed 
to  creatin in  in th e au toclave. A s both  substances 
are stru ctu ra lly  closely  related, and h ave a com m on 
origin in  th e creatin  of the m uscle, only th e figure 
for to ta l creatin in  is given  in th is tab le . T h e de
term in ation  of creatin in  is v e ry  im p ortan t in th is w ork 
as it  is of va lu e  in show ing how  m uch m eat extract 
w as used in  preparing the cube. A ccordin g to  Seiger,1 
if we place th e creatin in  con ten t of m eat ex tra ct at 
6 per cent, then  bouillon cubes should contain  th e 
follow ing am ounts of creatin in:

M eat extract used 
Per cent 

25 
20 
15 
10

C reatinin contained 
Per cent 

1.5
1.2
0 .9  
0.6

T h e creatin in  determ ination  is applied  to  the w ater 
solution  of th e cube or m eat extra ct. A s n oted 2 
b y  th e w riter before, there is not sufficient protein  
present in ord inary m eat extract to  interfere w ith  
the creatin in  test. G eret3 has recen tly  stated  th a t  
th e m eat ex tra ct conten t of different cubes, based 
on th e analyses of L ie b ig ’s m eat extra ct, varies from  
20 to  25 per cen t for th e superior cubes w hile the 
inferior cubes contain  no creatin in. He also stated  
th a t gelatin  increases th e creatin in  results. In  a 
previous pub lication  th e w riter stated  th a t egg album en 
and W itte ’s peptone, when added to solutions contain ing 
creatin in , decreased the creatin in  result. T h e figures 
on w hich these statem en ts are based were obtained 
b y  th e B en ed ict-M yers m ethod. I t  is like ly  th a t 
solutions of creatin  contain ing gelatin  or egg album en, 
when evap orated  to  dryness or otherw ise treated , 
w ould g ive  high creatin in  figures due to  caram el 
or other colored products form ed during th e process, 
which m ight accoun t for th e high figures obtained  b y  
G eret.

M eat ex tra ct contains a higher per cen t of to ta l 
n itrogen th a n  p lan t ex tra ct; therefore, a cube prepared 
large ly  from  m eat ex tra ct has a higher to ta l nitrogen 
con ten t th a n  one prepared large ly  from  p la n t extra ct. 
A  good cube is in dicated  b y  high creatin in  and high 
nitrogen figures. T h e  results obtained  b y  precip i
ta tio n  w ith  absolute alcohol in  hydrochloric acid  solu
tion , as outlined above, show th a t a larger per cent 
of n itrogen is p recip itated  in a h igh -grade th a n  in a 
low -grade cube, and the figures are of som e valu e in 
determ ining how m uch m eat extra ct has been used 
in th e preparation  of the cube. T h e nitrogen pre
cip ita ted  b y  absolute alcohol in hydrochloric acid 
is not ap p reciab ly  affected b y  th e sodium  chloride 
present. T h e  a c id ity  figures are of little  va lu e in 
determ ining the n ature of the constituen ts present 
in a bouillon cube.

1 Konscrven Ztg .', 48, 378 (1912).
= J . A m . Chem. Soc., 31, 673 (1909).
* Z . Nahr. Cenussm., 24, 570 (1912).

T h e phosphoric acid  (P2O5) results, esp ecially  when 
calcu lated  to  a w ater, fa t, and ash-free basis, show 
higher figures for th e superior cubes th a n  for th e in
ferior ones. T h e valu e of th e phosphoric acid  (P2O5), 
to ta l n itrogen and to ta l creatin in  results are more 
apparen t on th e w ater, fa t, and ash-free basis th an  
on th e  original basis. T h e creatin in -to tal nitrogen 
ratios show little  in regard  to  th e com position  of the 
cubes, as a low  creatin in  figure due to  th e use of a sm all 
am ount of m eat extra ct, and a low  to ta l nitrogen 
figure due to  th e use of a large am ount of p lan t ex
tra c t .w ould  be foun d in  th e  sam e product. From  a 
su rvey  of Suden dorf’s an alyses of cubes collected  on 
th e G erm an m arket it  is apparen t th a t th e cubes sold 
on the m arket in th is cou n try  are v e ry  sim ilar in com 
position  to  those on th e  G erm an  m arket, th a t  is, both 
consist of a large am ount of sa lt, to g eth er w ith  sm aller 
am ounts of m eat and p lan t extracts.

SU M M ARY
B ouillon  cubes on the m ark et a t present consist 

of ab ou t 5 per cen t of w ater, 1 to 4.5 per cen t of ether 
e x tra ct (fa t), and 50 to 74 per cen t of ash which is 
p ra ctica lly  all sodium  chloride. T h e nitrogen bodies 
and undeterm ined organic m aterial am ount to  20 
to  40 per cent. T h e phosphoric acid  (P2O5) varies 
from  0.4 to  1.8 per cent, th e to ta l n itrogen  from  2.1 
to  3.6 per cent, and the to ta l creatin in  from  0.49 to 
1.67 per cent.

A  cube prepared large ly  from  m eat e x tra ct gives 
high to ta l phosphoric acid  (P2O5), to ta l nitrogen, 
and to ta l creatin in  figures. T h e am ount of nitrogen 
p recip itated  b y  absolute alcohol and hydrochloric 
acid  is also m arked ly  higher th an  in a cube contain 
ing m uch p la n t and little  m eat extract.

B ouillon  cubes are exten siv ely  a d vertised  and are 
sold on accou n t of th eir flavoring and stim ulating 
properties, rath er th an  for a n y  slight food valu e they 
m a y possess. T h e large per cent of sodium  chloride, 
w hich need n ot exceed 65 per cent, is used to  furnish 
b o d y  to  the cube and to  g ive  a sa lty  ta ste  to the cup 
of w ater in  w hich th e cube is dissolved.

Bouillon  is a clear broth, th e  basis of w hich is m eat; 
con sequ en tly  a true bouillon cube should show  high 
creatin in  and high to ta l n itrogen  figures, and should 
be prepared en tirely, or large ly  from  m eat stock  or 
m eat ex tra ct in addition  to  th e salt and fa t  present. 
Several of th e cubes on the m arket con tain  m uch more 
p la n t than  m eat ex tra ct and are n ot en titled  to  the 
nam e “ b o u illo n ”  unless m odified.

B u r e a u  o f  C h e m i s t r y
U. S. D e p a r t m e n t  o p  A g r i c u l t u r e  

W a s h i n g t o n , D .  C .

T H E  IN F L U E N C E  O F  B R A N -E X T R A C T S  O N  T H E  B A K IN G  
Q U A L IT IE S  O F  F L O U R
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I t  is gen era lly  recognized  th a t  b ran  and shorts 
contain  va lu a b le  food con stituen ts such as fa t, carbo
hyd rates-oth er th a n  cellulose, m ineral m atter and some 
n itrogenous m aterial. A ttem p ts  h a ve  been m ade to 
im prove th e  b read-m akin g qualities of a flour, b y  in
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troducin g into th e flour extra cts  of bran m ade w ith 
various solvents. T h u s cold  w ater extracts and hot 
w ater e x tra cts1 h a ve  been m ixed w ith  flour in va ry in g  
proportions w ith beneficial results. A  process has 
been p a te n te d 2 for trea tin g  bran in order to recover 
the m ineral con stituen ts for adm ixture w ith flour. 
T h e bran is treated  w ith  w ater to extra ct soluble 
salts and th e residue trea ted  w ith  an acid  solvent 
and w ater and sub seq u en tly  w ith  an alkaline solution. 
T h e acid  and alk ali solutions are neutralized, and the 
w hole of th e  extracts  are evap orated  to dryness, and 
the residue is reduced to a powder.

In connection  w ith  som e experim ental w ork on the 
m ineral con ten t of flour, it  w as foun d advisable to 
determ ine the effect of a d ilute hydrochloric acid-ex- 
tra c t of bran on th e b akin g qualities of flour m ade 
from  several varieties of w heat. I t  has been claim ed ’ 
th a t a 0.2 per cen t H C1 ex tra ct of bran contains ph ytin  
from  w hich an acid  iden tical w ith  P ostern ak ’s4 anhydro- 
o xy m eth y len  diphosphoric acid  is obtained. T h a t 
ph ytin  is obtained  in th is m anner is denied b y  A n der
son5 who claim s th a t  th e ex tra ct th us obtained does 
not correspond in com position  w ith  salts of the true 
p h ytic  acid. W ith o u t en tering into  the discussion 
of th is poin t, th e  fa c t  rem ains th a t the dilute acid ex
tra c t contains, in addition  to oth er constituents, both 
organic and inorganic phosphorous com pounds.

E X P E R IM E N T A L
T h e acid -extract used in these experim ents was 

prepared b y  soakin g bran in 0.2 per cent H C 1 for six
teen hours. T h e proportions used were, bran 300 
gram s, acid  1800 cc. T h e liquid  was first filtered 
through cheese-cloth and th en  through paper, a clear 
liquid  of a brow n color being th us obtained. A nalysis 
of th is clear liquid  ga v e  th e fo llow ing results:

T a b l e  I — C o m p o s i t i o n  o p  A c i d - E x t r a c t  o p  B r a n

Total Ash T otal Inorganic
Organic

P îOs Acidity
Solids G ram s PsOs PiOs (by diff.) cc. N / 20

Grams per Grams Gram s Grams NaO H
per 100 cc. 100  cc. per 100  cc. per 100  cc. per 100 cc. per 10 cc. ext.

3 .584 0.917 0.464 0 . 2 0 0 0.264 13.6
In one series of b ak in g tests th e acid-extract was 

neutralized  w ith  0.1 N  N aO H , using phenolphthalein 
as an in d icator. In another series a w ater-extract 
(bran 300 gram s, w ater 1800 cc.) was used, and in 
still another, 0.2 per cent H C 1 was used in place of 
a  bran ex tra ct. A  com parison of these various ex
tracts  is afforded in th e  fo llow in g tab le :

T a b u e  I I — C o m p o s it io n '  o r  V a r i o u s  E x t r a c t s  U s e d  i s  B a k in g  T e s t s
T ota l T o ta l Inorganic Organic Acidity

# solids Ash PiOs P jOj PrOi cc. N /  20
G ram s G ram s G ram s G ram s (by difl.) N aOH

per per per per Grams for 10
100  cc. 100  cc. 100  cc. 100  cc. per 100 cc. cc. ext.

A cid-extract...............  3 .584 0.917 0 .464 0.200  0.264 13.6
W ater-extract............ 2 ,776 0.444 0.163 0 .110  0.053 3 .0
Acid-extract, neu tra l

ised ........ ................. 3.785 1.145
0 . 2 % H a ............................. 10.65

1 W illard and Sw anson, Chem. News. 105, 97-9.
1 U. S. P a ten t. N o. 1,018.441.
1 P a tten  and H art, N ew  York Exp. Sta., Bull. 250.
‘ Posternak, Compl. rend.. 137, 439.
* Anderson, New Y ork Agric. Exp. S ta ., Technical Bull. 22 (1912).

B A K IN G  T ES TS
Several series of baking tests were m ade, some 

m onths apart, using flour m ade from  the sam e sam ples 
of w heat b u t fresh ly  ground for each series of tests. 
In  Series I (spring of 1912) v a ry in g  am ounts of ex tra ct 
were used, while in Series II (fall of 1912) th e sam e 
am ount (150 cc.) was used in every  case. T h e bread 
w as m ade in the usual w a y , the extracts  being used 
instead of w ater to  m ake the dough. S traigh t 
flours from  each of three varieties of w heat were used 
in these experim ents: B luestem  (L ab . N o. 568),
D urum  (L ab . N o. 481), and V elv e t C haff (L ab . No. 
9 9 3 )-

T a b l e  I I I — R e s u l t s  o f  B a k i n g  T e s t s — S e r i e s  I — B l u e s t e m  W h e a t
A cid-Extract 

E x trac t W ater Volume loaf 
1st Baking Cc. Cc. Cc. Color Texture

568A (chcck)......................................  201 2460 95 96
568B...................................... 80 123 2760 97 98
568C.......................................  150 52 2820 100 100
568D .......................................  150 50 3020 100 100

2nd Baking A cid-Extract
568A (chcck)......................................  200 2460 95 96
568E ...................................... 80 120  2850 97 98
568F ........................................ 170 30 2920 98 100

3rd Baking A cid-Extract N eutralized ("Soapy '')
568A (check)......................................  196 2640 . . .  . . .
568G .....................................  80 122 2590
568H ....................................... 170 36 2280

4th Baking D ilu te Hydrochloric Acid (0.2% )
568A (check)......................................  205 2690 99 98
5681.......................................  80 121 2680 101 98
568J........................................  140 65 2700 99 97

In  both the first and second b akings using acid- 
extra ct there w as an increase in volum e, am ounting 
to  1 8 per cent, and  an im provem en t in both  color and 
textu re . W ith  th e n eutralized  a cid -extract there 
was a decrease in loaf volum e am ountin g to  13 per 
cent.

In order to determ ine if  the use of acid -extract 
resulted in an increase of acid-reactin g m aterial in 
th e  bread, th e soft portions of loaves, N os. 568A 
(check) and 568D (150 cc. extra ct) were extracted  
with w ater and th e filtered solution titra te d  w ith
0.05 norm al N aO H , w ith  th e follow ing results:

T a b l e  I V — A c i d i t y  o p  I n n e r  P o r t i o n s  o p  L o a v e s  o p  B r e a d
C alculated as Calculated

N / 20 N aO H  lactic acid as HC1
Lab. No. Cc. P er cent P e r cen t

568A (check)....................  4 .3  0 .193 0 .078
568D (ex tract).................  8 .35  0 .373 0 .152

T h e average a c id ity  o f th e  inner portion of tw en ty- 
one sam ples of fresh b read  w as fo u n d 1 to  be eq u iva len t 
on a d ry  basis to  0.289 Per cent  la ctic  acid  or 0.215 
per cent hydrochloric acid. T herefore, th e acid ity  
of the w ater-soluble portions o f 568A and  568D is 
abou t the sam e as the average of hom e-m ade bread 
and of b ak ers’ bread.

T a b l e  V — S e r i e s  I — D u r u m  W h e a t  
A cid-B rtract

E x trac t W ater Volume loaf 
1st Baking Cc. Cc. Cc. Color T ex tu re
481A (check).............  190 2040 97 94
481B ......................  80  107 2090 97 95
481C........................  144 51 2170 97 96

* Congdcra, Tw enty-second A nnual R eport, N orth  D ako ta  Agricultural 
Experim ent S ta tion . 1911, P a r t  I I .
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T h is flour did n ot respond to  trea tm en t w ith  acid- 
ex tra ct as th e gain  in loaf vo lu m e w as on ly 5 per cent, 
color and te xtu re  rem aining ab ou t th e  sam e in each 
loaf.

T a b l e  V I — S e r i e s  I — V e l v e t  C h a f f  W h e a t
A cid-Extract

E x trac t W ater Volume loaf
1st Baking Cc. Cc. Cc. Color T exture

993A (check).. 190 1980 96 92
993B .................. . .  80 1 1 0  2260 99 96
993C .................. . 160 30 2400 98 96

2nd Baking A cid-Extract
993A (check). . 187 2090 96 95
993 D ................. . . 80 108 2340 97 98
993E .................. 150 38 2380 98 98

3rd Baking A cid-Extract, N eutralized
993A (check). . 190 2200 100 93
993F .................. . . 80 113 2090 99 92
993G.................. . . 140 55 1970 99 90

4 th  Baking D ilu te Hydrochloric Acid (0.2% )
993A (check ).. 187 2090 96 95
993H .................. 80 108 2230 97 95
9931................... . . 150 38 1910 94 85

A s shown in th e ab ove ta b le  th ere w as an increase 
in the loaf vo lu m e of from  13 per cen t to  21 per cent 
when acid -extract w as used, and both color and te x 
ture were im proved. W ith  n eutralized  ex tra ct there 
was a decrease in loaf volum e. W ith  dilute acid  alone 
there w as a decrease of 9 per cen t in loaf vo lu m e, a 
slight change in color, and a poor textu re .

/ ÎL 3  V

P l a t e  I
1. Check loaf 4. Acid-extract
2. W atcr-ex tract 5. Acid alone
3. Acid-extract, neutralized

A fter  a stu d y  of these results, it  w as decided to  m ake 
a second series of b ak in g tests, including in  each b akin g 
all of th e extra cts  w hich had  been used in th e several 
bakings of Series I and in addition  a filtered cold-w ater- 
ex tra ct of bran.

T a b l e  V I I — S e r i e s  I I — B l u e s t e m  W h e a t — N o . 5 6 8
E xtract W ater Volume loaf

Flour No. 568 Cc. Cc. Cc. Color Texture
C heck .................... 190 2490 94 97
C heck .................... 189 2480 95 97
A cid-extract___ 150 40 2600 96 98
A cid-extract........ 150 40 2690 96 98
W ate r-ex trac t.. . . 150 40 2600 92 98
W ater-ex trac t___ 150 39 2515 93 97
Acid-ext., neutral 150 39 2240 94 92
Acid-ext., neutra l 150 45 2360 92 92
D ilute acid ........... 150 39 2250 94 90
D ilute acid ........... 150 40 2200 94 90

A  consideration  of d ata  su b m itted  in T a b le . V I I  
shows th a t  th e acid -extract and w a ter-extract gave 
som ew hat larger loaves th a n  the check, in th e order 
nam ed; and th a t  w ith  the acid -extract b oth  color 
and textu re  were s lig h tly  im proved. P la te  I gives 
som e id ea of th e extern al appearance of th e loaves.

T a b l e  V I I I — S e r i e s  I I — D u r u m  W h e a t
E x trac t W ater Volume loaf

Flour No. 481 Cc. Cc. Cc. Color T exture
C heck .................... 200 1920 96 95
C heck.................... 199 1870 96 95
Acid-extract. 150 48 2030* 96 94
A cid-extract........ 150 51 1870* 96 98
W ater-ex trac t___ 150 50 20 1 0 95 96
W ate r-ex trac t.. . . 150 51 • 2030 95 96
Acid-ext., neu tra l 150 51 1910 97 96
Acid-ext., neutral 150 51
D ilute acid ........ 150 50 1630 94 85
D ilute acid ........... 150 50 1650 94 85

* B aker’s com m ent: "D ough  broke slightly .”

A  consideration  of th e  d a ta  su b m itted  in T a b le  V I I I  
indicates b u t little  im provem en t in lo a f volum e, color, 
or te xtu re  b y  th e use of acid -extract. T h e w ater-

P l a t e  I I
1. Check loaf 4. Acid-extract, neutralized
2. W ater-extract 5. Acid alone
3. Acid-extract

ex tra ct ga v e  b etter results th an  th e a cid -extract. T h e 
dilute acid  decreases loaf vo lu m e and u n fav o ra b ly  
m odifies the texture.

T a b l e  I X — S e r i e s  I I — V e l v e t  C h a f f  W h e a t
E x trac t W ater Volume loaf Color T exture

F lour No. 993 Cc. Cc. Cc.
C heck .................... 188 2030 95 95
C heck .................... 187 2060 95 95
A cid-extract......... 150 36 2480 98 97
A cid-extract---- 150 36 2460 98 97
W ate r-ex trac t.. . . 150 36 2340 94 96
W ater-ex trac t___ 150 34 2200 94 96
Acid-ext., neutra l 150 35 2020 95 95
Acid-ext., neutra l 150 36 2040 95 95
D ilute a c id ........... 150 36 1870 92 80
D ilute acid ........... 150 36 1700 92 80

A s w ill be noted in T a b le I X , the a cid -extract ex
erted  a fa vo ra b le  influence on the b ak in g q ualities of 
flour from  v e lv e t chaff w heat, increasing the loaf 
volum e, and g iv in g  a bettdr color and textu re . T he

I z  3  h  ¿ r

P l a t e  I I I
1. Check lo a f  4  A c i d - e x t r a c t ,  n e u t r a l i z e d
2. W ater-ex trac t 5. Acid alone
3. A cid-extract

w ater-extra ct increased loaf vo lu m e, b u t had little  
influence on color and textu re . T h e  d ilute acid  on the 
other h an d  had a m arked u n favorab le  influence on
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loaf vo lu m e and textu re, and, to  a lesser degree, the 
color.

In v iew  of th e fa c t th a t  in the larger num ber of b a k 
ing tests th e a cid -extract had a greater influence than 
the w ater-extra ct to  increase loaf volum e and to  im 
p rove th e color and textu re , th e question n atu ra lly  arises 
as to  w hether the im provem en t is due to the stim ulating 
effect of acid, or ph osphate, or other constituen t of the 
ex tra ct on th e y e a st; or to  som e other factor. E x 
perim ents un dertaken  to  determ ine the stim ulating 
effect of a cid -extract on y ea st were not convincing. 
A  possible exp lan ation  is th a t th e  gluten  m ay have 
becom e m ore coherent in th e presence of acid and solu
ble salts (p articu larly  phosphates) as is suggested b y  
W oo d.1 A t  a n y  rate, th e b akin g tests show clearly  
th a t it  is n ot acid  alone, b u t acid  plus extra ctiv e  m ate
rial th a t g ives th e best results.

SU M M A RY  AN D  C O N C LU SIO N S
In  tw o  series of b ak in g tests of flour m ade from  three 

varieties of w heat, a cid -extract of bran, w ater-extract, 
a cid -extract n eutralized, and d ilute acid, were used to 
replace a p a rt of th e w ater necessary to  m ake th e dough.

In  general, th e  a cid -extract produced larger loaves 
of b read  (from  6 per cen t to  20 per cent increase in 
volum e) of a b etter color and textu re than  the check 
loaf, or those in w hich other extra cts  were used. T h e 
w ater-extra ct produced loaves som ew hat larger than 
the check loaves. T h e d ilute acid  gave a loaf of de
creased vo lu m e and v e ry  poor textu re.

A n alyses of acid- and w a ter-extracts show the pres
ence of 0.464 gram  P2O5 and 0.163 gram  P2O5, respec
tiv e ly , in  too  cc. ex tra ct.

E xp erim en ts m ade to  show th e stim ulatin g effect 
of acid -extract on y ea st were not convincing. It is 
th o u gh t th e presence of b oth  acid  and soluble salts 
m akes th e glu ten  m ore coherent.

In general th e  b etter th e flour, th a t is th e stronger 
th e g lu ten , th e m ore m arked is th e im provem en t b y  
use of acid -extract; b u t all sam ples of flour show  greater 
or lesser im provem en t.

T h e  inner portions of th e loaves of bread m ade with 
a cid -extract show  no greater am oun t of w ater-soluble 
acid reactin g m aterial th an  th e average of hom e-m ade, 
or b ak ers’ bread.

In conclusion, th e w riter wishes to acknow ledge his 
indebtedness to  L. M . T hom as, of th e D ivision  of Grain 
S tan d ard ization , B u reau  of P la n t In d u stry, U. S. D ep t, 
of A gricu ltu re, for his cooperation  in m aking the baking 
tests, scoring the bread and for m akin g th e photographs 
th a t are used in th is report.

N o r t h  D a k o t a  A g r i c u l t u r a l  C o l l e g e

T H E  A N A L Y S IS  O F  M A P L E  P R O D U C T S , II 

A  Com parative S tud y of the D elicacy  of M ethods2

B y  J .  F .  S n e l l  a n d  J .  M .  S c o t t

In stu d yin g  th e usefulness of the electrical conduc
t iv ity  te s t3 for th e  detection  of adulteration  in m aple 
syrup it  appeared desirable to  com pare th e delicacy

1 T . B. W ood, Jour. A sr. Sci., 2 , 267 (1907); A bstract in J . Soc. 
Chem. Ind ., 2 7 ,  175 (1908).

2 Paper presented a t the  48th M eeting of the  A. C. S., Rochester, 
Septem ber 8- 1 2 . 1913.

* Snell, T h i s  J o u r n a l , 5 , 7 4 0  (1 9 1 3 ) .

of th is test w ith  th a t  of other m ethods in  vogue. For 
th is purpose three syrups, A , B , and C, were chosen. 
A , a light-colored syru p  of high q u ality , and B , a m ixture 
of several pure m aple syrups, were k in d ly  don ated 
b y  M r. John H. G rim m , of M ontreal, while C  w as 
a syru p  m ade at M acdonald  College in th e season of
1913-

T hese were d iluted  w ith  w ater and boiled to  2 19 0 F ., 
after w hich their specific gra vities a t 600 F. were: 
A , 1.325; B , 1.320; C , 1.318. C ane-sugar syrup s of 
th e sam e specific gravities were prepared from  gran u 
lated  sugar and m ixtures of th e cane and m aple syrups, 
m ade up and analyzed.

T h e fo llow ing determ inations were m ade upon each 
of the m ixtures:

(1) T o ta l ash b y  ignition  in an electric muffle at. 
a low  red h eat (600-650° C .).

(2) Insoluble ash .1
(3) Soluble ash b y  difference.
(4) A lk a lin ity  of insoluble ash .1
(5) A lk a lin ity  of soluble ash .1
(6) C o n d u c tiv ity  va lu e, i. e., 100,000 tim es th e  sp e

cific co n d u ctiv ity  a t 25° C . of a m ixture of one vo lu m e 
syru p  w ith  tw o volum es of w a ter.2

(7) C an adian  lead n u m ber.3
(8) W in ton  lead num ber. In  Syru p s B and C  th is 

determ ination  w as m ade upon 25 gram s of syrup as 
origin ally  directed  b y  W in to n ,4 the b lan k being trea ted  
w ith  acetic acid  as directed  b y  B ry a n .5

In Syrup A , how ever, th e determ in ation  w as m ade 
upon the q u a n tity  of syru p  (38.462 gram s) contain ing 
25 gram s of d ry  m atter, the procedure prescribed b y 
th e C an adian  stan dard  of p u rity  for m aple syrup .0

(9) R o ss’s m odified W in ton  n um ber.7
This determ ination  also w as m ade on 25 gram s of 

syru p in Syru p s B and C , b u t upon 38.462 gram s in 
syrup A .

(10) S y  lead va lu e .8 W eight of lead  precip itated  
from  norm al lead a cetate  b y  100 cc. of syrup.

T h e results obtained  are shown in  T a b les I, I I , and 
III . In T ables IV , V , and V I  th e actu al percentage 
of m aple syru p  in each m ixture is com pared w ith  th e 
“ estim ated  percen tages”  derived from  th e  ratios of 
th e various values in  th e m ixture to  those in the pure 
syrup.

E F F E C T S  P R O D U C E D  U P O N  T H E  V A R IO U S  DATA BY P R O 
G R E S S IV E  D IL U T IO N  W IT H  SU C R O S E  S Y R U P

I t  will be noted th a t  the ratios of the w eights and 
also those of the alkalin ities of the soluble ash to  the 
insoluble ash rem ain n early  con stan t dow n to the 50 
per cent m ixture. In m ixtures contain ing less th an  
50 per cent, of m aple syrup , these ratios fluctuate 
greatly . These fluctuation s are doubtless due to  th e

* Jones, V erm ont Agr. E xpt. Sta., 18th A nn . Rept., 1904-5 , 321; B ryan 
Bur. Chem., U. S. D ept. Agr., Bull. 134 , 17 (1910); McGill, L,ab. In land  
Revenue D ept,, O ttaw a, Bull. 228, 5 (1911).

1 Snell, loc. cit.
* McGill, loc. cit.
* W inton and Kreider, J . A m . Chem. Soc., 28, 1204 (1906).
* B ryan, loc. cit.
•C an ad ian  Order-in-Council, G, 994, N ov. 8 , 1911; M cGill, Lab. 

In land  Rev. D ept., Bull. 228, 5 (1911).
7 Ross, B ur. Chem., U. S. D ept. Agr., Circ. 53 , 8  (1910).
8 Sy, J . Frank. Inst., Dec., 1908, page 68  of reprin t.
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T a b l e  I — M a p l e  S y r u p  A
Per cen t P er cent P er cent Sol. ash: Aik. sol. Conduc C anadian Modified M odified

maple to ta l insoluble Per cent Insol. Alkalinity Alkalinity ash: Aik. tiv ity lead W inton* Ross* Sy lead
syrup ash ash sol. ash ash insol. ash sol. ash insol. ash value num ber lead no. lead no. value

100 1.14 0.45 0.69 1.53 56 47 0 .84 136 2 .26 1.46 1.78 0.342
90 1.08 0 .38 0 .70 1.89 54 52 0 .96 126 1.71 1.44 1.69 0.309
80 0 . 8 6 0.35 0.51 1.46 46 42 0.91 115 1.58 1.23 1.60 0.273
70 0 . 6 8 0 .26 0.42 1.62 38 36 0 .92 101 1.38 1.18 1.50 0.229
60 0.71 0.25 0 .46 1.84 36 31 0 . 8 6 .90 1 . 1 0 1.04 1.39 0.194
50 0 . 6 8 0 . 2 0 0.48 2.40 31 26 0 .84 78 0 .70 0.72 1.33 0 .179
40 0.32 0 .14 0 .18 1.29 20 20 1 . 0 0 65 0 .36 0.55 1.23 0.10430 0 . 2 0 0.14 0 .06 0.43 22 12 0.55 50 0 .14 0 .30 1.04 0.075
20 0.15 0 .06 0.09 1.50 16 14 0.87 35 tu rb id ity  only 0 .16 0 .80 0.052
10 0 .09 0 . 0 2 0.07 3 .50 10 4 0 .40 20 fa in t tu rb id ity 0 . 0 0 0.44 0 . 0 2 0
* W inton and Ross m ethods on 25 gram s dry  sugar =  38.462 gram s syrup.

T a b l e  I I— M a p l e  S y r u p  B
Per cen t Per cent P er cent Per cent Sol. ash: Aik. sol. Conduc Canadian W inton* Ross*

maple to ta l insoluble watcr-sol Insol. A lkalinity  Alkalinity ash: Aik. tiv ity lead lead lead Sy lead
syrup ash ash ash ash insol. ash sol. ash insol. ash value num ber num ber num ber value

100 0.92 0.40 0.52 1.30 65 52 0 .80 170 3 .18 1.46 1.72 0.460
90 0 .80 0.37 0.43 1.16 62 48 0 .77 147 2.67 1.34 1.64 0.378
80 0.71 0.25 0 .46 1.84 57 41 0 .72 144 2 . 1 2 1.19 1.48 0.296
70 0.62 0 .26 0 .36 1.38 52 38 0.73 126 1.81 1.03 1.34 0.259
60 0.55 0 . 2 2 0.33 1.50 46 31 0.67 109 1.60 0.89 1.16 0.239
50 0.49 0 . 2 0 0.29 1.45 38 28 0 .74 95 1.06 0.73 1.08 0.177
40 0 .38 0 . 1 2 0 .26 2.17 26 26 1 . 0 0 77 0 .74 0 .54 0.82 0.128
30 0 .32 0.09 0 .23 2 .56 19 23 1 . 2 1 58 0.31 0 .38 0 . 6 6 0.074
20 0 . 2 2 0.06 0 .16 2.67 12 14 1.17 47 tu rb id ity  only 0.23 0.37 0 .050
10 0 ‘. 08 0 . 0 2 0 .06 3 .00 10 9 0 .90 24 no tu rb id ity 0 . 1 1 0 . 1 0 0 . 0 2 2
* W inton and Ross m ethods on 25 grams syrup.

P er cen t Per cent 
m aple to ta l

Per cen t 
insol. Per cent

Sol. ash: 
Insol.

T a b l e  I I I —M a p l e  S y r u p  C
Aik. sol. Conduc- 

A lkalinity A lkalinity  ash: Aik. tiv ity
Canadian

lead
W inton

lead
Ross
lead Sy lead

syrup ash ash sol. ash ash insol. ash sol. ash insol. ash value num ber num ber num ber value
100 0 .70 0.27 0.43 1.59 48 40 0.83 128 2 . 0 2 1.34 1.49 0.415
90 0.63 0 .24 0 .39 1.62 45 38 0 .84 117 1.80 1.28 1.37 0.351
SO 0.54 0 . 2 1 0.33 1.57 44 35 0 .80 107 1.38 1 . 1 0 1 . 2 1 0.308
70 0.47 0 . 2 1 0.26 1.24 38 31 0 .82 96 1.09 0.98 1.07 0.265
60 0 .39 0 .18 0 . 2 1 1.17 30 28 0 .93 85 0 .64 0.74 0 . 8 6 0.166
50 0 .34 0 .14 0 . 2 0 1 .43 26 24 0 .92 70 0.37 0.67 0.79 0.126
40 0.31 0 . 1 2 0 .19 1.58 20 21 1.05 59 0.24 0 .56 0 . 6 6 0.072
30 0 .23 0.09 0 .14 1.56 18 17 0 .94 47 0 .14 0 .44 0 .52 0.058
20 0.17 0 .06 0 . 1 1 1.83 14 12 * 0 . 8 6 31 fa in t tu rb id ity 0 .38 0.31 0.032
10 0 .06 0 . 0 2 0 .04 2 . 0 0 6 6 1 . 0 0 18 no tu rb id ity 0 .18 0.23 fain t tu rb id ity

T a b l e  IV—- M a p l e  S y r u p  A . E s t i m a t e d  M a p l e S y r u p  C o n t e n t C a l c u l a t e d f r o m  D e t e r m i n a t i o n s  G i v e n i n  T a b l e  I
A c tu a l E s t i m a t e d E s t i m a t e d E s t i m a t e d

p e r  c e n t E s t i m a t e d E s t i m a t e d E s t i m a t e d E s t i m a t e d E s t i m a t e d E s t i m a t e d f ro m f r o m  m o d i  f r o m  m o d i  E s t i m a t e d
m a p le f r o m  t o t a l f r o m  in s o l . f r o m  s o l. f r o m  a lk . f r o m  a lk . f r o m  c o n  C a n a d i a n f ie d  W i n t o n f ie d  R o s s f r o m  S y
s y r u p a s h a s h a s h in s o l .  a s h s o l. a s h d u c t i v i t y l e a d  n o . l e a d  n o . l e a d  n o . l e a d  v a l u e

90 94 .7 84 .4 101.4 96 .4 1 1 0 . 6 92 .6 75.7 98 .6 94.9 90.3
80 75 .4 77.8 73.9 82.1 89.4 84.6 69.9 84.2 89.9 79 .8
70 59 .6 57 .8 60 .9 67.9 76.6 74.3 61.1 80.8 84.3 6 7 .0
60 * 62.3 55.5 6 6 . 6 64.3 6 6 . 0 6 6 . 2 48.7 71.2 78.1 56.7
50 5 9 .6 44 .4 6 9 .6 55 .4 55.3 57.4 31 .0 49.3 74.8 52.3
40 28.1 31.1 26.1 35.7 4 2 .6 47.8 15.9 37.7 69.7 30 .4
30 17.5 31.1 8.7 39.3 25.5 3 6 .8 6 . 2 20.5 58 .4 2 2 . 0
20 13.2 13.3 13.0 28 .6 29 .8 25.7 1 1 . 0 44 .9 15.2
10 7.9 4 .4 1 0 . 1 17.9 8 .5 14.7 0 . 0 24.7 5 .8

T a b l e  V — M a p l e  S y r u p  B .  E s t i m a t e d  M a p l e  S y r u p  C o n t e n t

Actual per E stim ated Estim ated E stim ated E stim ated Estim ated
cen t m aple from to ta l from insol. from sol. from alk. .from alk.

syrup ash ash ash insol. ash sol. ash
90 87.6 92 .5 82.7 9 5 .4 92.3
80 77.2 62.5 88.5 87.7 78.8
70 67 .4 65 .0 69.2 80.0 73.1
60 59.8 55 .0 63.5 70.8 59 .6
50 53.3 50 .0 55.8 58.5 53.9
40 41.3 30 .0 50.0 40 .0 50.0
30 34 .8 22.5 44 .2 29.2 44.2
20  ' 23.9 15.0 30 .8 18.5 26.9
10 8.7 5 .0 11.5 15.4 17.3

C a l c u l a t e d f r o m  D e t e r m i n a t i o n s  G i v e n  
E stim ated

i n  T a b l e II

E stim ated from E stim ated E stim ated E stim ated
from con Canadian from W inton from Ross from  Sy
ductiv ity lead no. lead no. lead no. lead value

86.5 83.9 91 .8 95.3 82.2
84.7 66.7 81.5 8 6 . 0 64 .3
74.1 56.9 70.5 77.9 56.3
64.1 50 .3 6 1 .0 67 .4 52 .0
55.9 33 .3 50 .0 62.8 38.5
45.3 23.3 37 .0 47.7 27 .8
34.1 9 .7 26 .0 38 .4 16.1
27.6 15.8 21.5 10.9
14.1 7.5 5 .8 4 .8
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T a b l e  VI— M a p l e  S y r u p  C .  E s t i m a t e d  M a p l e  S y r u p  C o n t e n t  f r o m  D e t e r m i n a t i o n s  G i v e n  i n  T a b l e  I I I

A ctual per E stim ated E stim ated E stim ated E stim ated E stim ated E stim ated
E stim ated

from Estim ated E stim ated E stim ated
cen t maple from to ta l from insol. from sol. from alk. from alk. from con Canadian from W inton from Ross from Sy

syrup ash ash ash insol. ash sol. ash ductiv ity lead no. lead no. lead no. lead value
90 90 .0 88.9 90.7 93.7 95 .0 91 .4 89.1 95.5 91 .9 84.6
80 77.1 77.8 76.7 91.7 87.5 83 .6 68.3 82.1 81.2 74.2
70 67.1 77.8 60.5 79.2 77.5 75.0 54 .0 73.1 * 71.8 63 .9
60 55.7 66.7 48 .8 62.5 70 .0 66 .4 31.7 55 .2 57.7 4 0 .0
50 48 .6 51 .9 46.5 54 .2 60 .0 54.7 18.3 ‘50 .0 53 .0 3 0 .4
40 44 .3 44 .4 44 .2 41.7 52.5 46.1 11.9 41 .8 44 .3 17.3
30 3 2 .9 33.3 32 .6 37.5 42.5 36.7 6 .9 32 .8 34.9 14.0
20 24.3 2 2 . 2 25.6 29.2 30 .0 24 .2 28.4 2 0 . 8 7 .7
10 8 . 6 7-4 9 .3 12.5 15.0 14.1 13.4 15.4 . . . .

greater influence of experim ental errors in th e ash de
term in ation s in m ixtures of low , as com pared w ith  those 
of high, m aple content. In  th e 10 per cent m ixtures 
th e actu al q u a n tity  of insoluble ash w eighed w as in 
each in stan ce one m illigram , w hile the q u an tities of 
ten th  norm al acid  used were 0.20, 0.45 and 0.30 cc., 
resp ectively , in th e soluble ash of Syrup s A , B , and C , 
and 0.50, 0.50 and 0.30 cc. in  th e insoluble ash. A  
sim ilar v a ria b ility  is n oticeable in m ost of th e other 
va lu es for the m ixtures of low  m aple content.

T h e true W in ton  and R oss lead num bers (Syrup s 
B and C) and the c o n d u ctiv ity  va lu e  com e nearest 
to  decreasing p rop ortion ally  to  th e  m aple conten t. 
T h e c o n d u c tiv ity  valu e gives estim ated  results a little  
higher th an  the actu al, w ith  th e single exception  of 
th e 90 per cen t m ixture in case of S yru p  B. T h a t 
th is exception  is n ot due to  experim ental error is e v i
denced n ot on ly  b y  th e fa c t th a t  repetition  of th e m eas
urem ent on th is syru p confirm ed th e result a t first 
obtained, b u t th a t  in the case of fou r other syrups, 
90 per cen t m ixtures ga v e  estim ated  values of 86.6, 
87.0, 87.2, and 87.3. In  th is respect, accordin gly, 
Syrup s A  and C appear excep tional rath er th a n  Syrup 
B. A ccord in gly , sm all adulteration  w ith  cane sugar 
appears often to h ave som ew hat more th an  its  pro
portional effect on co n d u ctiv ity , w hile greater adul
tera tio n  has a lw ays less th an  its  proportional effect.

suggested  th a t our high results m ight be due to  our 
n eglect to  observe his caution  to  use on ly  fresh ly  boiled 
distilled  w ater in d ilu tin g th e syrup . U n fo rtu n a tely  
we were n ot able to test th is point w ith  S yru p  B as our 
m aterial w as exhausted. W e have, how ever, m ade a 
series of experim ents on som e of th e m ixtures of S yru p  
C , th e results of w hich are given  in T a b le  V I I . N o

T a b l e  V II— C o m p a r i s o n  o p  R o s s  L e a d  N u m b e r s  o n  M i x t u r e s  o f  S y r u p
c, U s i n g  F r e s h l y B o i l e d  a n d U n b o i l e d  W a t e r

Actual Ross lead Ross lead
per cent num ber with C alculated num ber with Calculated
m aple freshly boiled per cent unboiled dis per cent
syrup w ater m aple syrup tilled w ater m aple syrup

100 1.42 1.49
80 1.17 82.0 1.21 81.2
50 0.78 54.9 0.79 53.0
20 0.32 22.5 0.31 20.8

difference of consequence w as observed due to  th e 
boilin g of th e w ater. In  order to  m ake a fu rth er stu d y  
of th e  W in ton  and R oss m ethods we prepared tw o 
com posite sam ples (D  and E) from  100 pure syrup s 
m ade in  th e season of 1913. T h e syrup s from  which 
these com posites were m ade were obtained  d irectly  
from  the sugar bushes of Q uebec and O ntario b y  g ra d u 
ate  represen tatives of th e  College, so th a t th ere can 
be no d ou b t as to  th eir p u rity . M ixtures of these 
syru p s w ith  cane syru p  were m ade up and th e R oss 
and W in ton  lead determ in ations m ade upon each,

T a b l e  V III— C o m p a r i s o n  
S y r u p  D

o f  W in t o n  a n d R o s s  L e a d N u m b e r s  o n  S y r u p s  D a n d  
S y r u p  E

E

M a p l e  c o n t e n t M a p l e  c o n t e n t M a p l e  c o n t e n t M a p l e  c o n t e n t
A c t u a l  p e r W in to n e s t i m a t e d e s t i m a t e d e s t i m a t e d e s t i m a t e d
c e n t  m a p le l e a d  n o . f r o m  W in t o n R o s s f r o m  R o s s W i n t o n f r o m  W in to n R o s s f r o m  R o s s

s y r u p le a d  n o . l e a d  n o . l e a d  n o . l e a d  n o . le a d  n o . l e a d  n o . l e a d  n o .
100 1.71 2 . 0 1 1.635 2.155
90 1.56 91.2 1.85 91 .8 1.325 81 .0 1.94 9 0 .0
80 1.30 75.7 1.63 81.1 1.18 72.2 1.75 81 .2
70 1.14 66.7 1.41 70.1 1.06 64 .8 1.625 75 .4
60 1.03 60 .2 1.40 69.7 0.825 50.5 1.355 62 .9
50 0.875 51 .2 1.19 59 .2 0.645 39 .4 1 . 1 2 5 2 .0
40 0.605 35 .4 0.825 41 .0 0 .46 28.1 0.905 4 2 .0
30 0.425 24.9 0 .76 37 .8 0 .29 17.7 0.72 33.4
20 0.265 15.5 0.43 21 .4 0.145 8 .9 0.445 20 .7
10 0.09 5 .3 0.135 6 .7 0.060 3 .7 0.190 8 . 8

T h e R oss lead num ber when determ ined b y  th e  orig
inal m ethod (Syrups B and C) does n ot decrease as 
rap id ly  as th e  actu al m aple syru p  conten t. (In  the 
case of S yru p  A  where th e determ in ations are m ade 
on a q u a n tity  of syrup eq u ivalen t to  25 gram s of dry 

’ sugar the results obtained are high th rou gh ou t and 
fu rth er from  the a ctu al proportions of m aple syrup 
than  are those obtained  w ith o u t th e  use of potassium  
sulfate.) T hese results— p a rticu la rly  those on Syrup 
B (T ab les II and V )— are n ot in agreem ent w ith  D r. 
R o ss’s experience, and in correspondence w ith  us he

fresh ly  boiled w ater being used in the R oss m ethod. 
A s w ill be seen from  th e results w hich are ta b u la ted  
in T a b le  V I I I ,  th e R oss m ethod gives estim ated  results 
m uch closer to  th e  actu al m aple conten t than  does th e 
W in ton  m ethod. E sp ecia lly  is th is th e case in regard  
to  S yru p  E . In m ost instances th e  estim ated  results 
w ith th e W in ton  m ethod are low er th an  th e actu al 
m aple conten t, while on th e  other hand th e R oss 
m ethod gives results sligh tly  higher th a n  th e actu al.

T h e C an adian  lead num ber drops off m uch more 
rap id ly  th an  th e a ctu al m aple syru p  percen tage and
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van ishes in th e three series a t a m aple con ten t of 20 
per cent. T h is fa c t  gives th e C an adian  m ethod a 
d istin ct a d va n ta ge  as far as the detection  of sm all 
adulteration  is concerned, b u t renders it  useless for 
d istinguishing com pound m aple syru p s contain ing 
a sm all proportion  . of m aple from  im itation  syrups 
contain ing none. M oreover, the ad va n ta ge  of the 
C an adian  m ethod for th e form er purpose is som ew hat 
offset b y  the great v a ria b ility  of the C an adian  lead 
num ber in genuine m aple syrups. In its in v estig a 
tion  of som e 450 C an adian  syrup s of th e season of 
19 11 , obtained  d irectly  from  the m akers accom pan ied 
b y  a declaration  of genuineness,1 the L ab o rato ry  of 
th e  In lan d  R even ue D ep artm en t foun d tw e lv e  syrup s 
■with values below  th a t adopted  in the stan dard, 
viz., 1.70. Six sam ples yielded  lead values of over 
4.50, and of these three were ab ove 5.00. In  an 
u n com p leted  in vestigation  of 125 genuine C an adian  
syru p s of the season of 1913 we have foun d .even a 
greater va riatio n  in th e C an adian  lead num ber, 9 
sam ples h avin g values ab ove 4.50, 8 of w hich are also 
a b o ve  5.00. A s will be seen b y  referring to th e C a n a 
dian lead num bers in T a b le  II , a syrup of high lead 
va lu e  m ay be ad u lterated  w ith  a co m p a ra tiv e ly  large 
proportion  of cane sugar w ith ou t fa llin g  below  th e 
C an adian  stan dard. .Syrups A  and C , how ever, w ith 
original lead va lu es of 2.26 and 2.02, resp ective ly , h ave 
a lrea d y  reached the lim it of the stan dard  when th e 
a d u lteration  am ounts to  10 per cent.

T h e  S y  lead num ber, like  th e  C an adian , drops off 
m ore rap id ly  th an  th e m aple conten t. B u t it  does 
n ot show th is prop en sity  to  th e  sam e degree as the 
C an adian  va lu e. W e are unable to  see a n y  a d va n ta ge  
in S y ’s m ethod over th e other m ethods which w ould 
com pensate for th e extra  tim e and lab or in v o lved  in 
m akin g the determ ination.

R A N G E  OF V A R IA T IO N  IN  G E N U IN E  SY R U P S
T h e delicacy  of a n y  m ethod of d etectin g a d u ltera 

tion  of m aple syru p  w ith pure sucrose o b vio u sly  de
pends upon: (1) T h e lim its of n atu ra l va riatio n  of
th e valu e in  question in  genuine syrups. (2) T h e 
ra te  at which th e va lu e  fa lls  off as th e proportion  of 
genuine syru p is decreased. A s we h ave seen, the 
C an ad ian  lead  va lu e  excels in th e second point b u t 
n o t in th e first. T h e  range of variation  of the differ
en t values m ay readily  be seen from  T a b le  I X , w hich

T a b l e  IX — R a n g e  o p  V a r i o u s  A n a l y t i c a l  V a l u e s  i n  G e n u i n e  M a p l e  
S y r u p s . E x p r e s s e d  i n  P e r c e n t a g e  o p  t h e  M i n i m u m

T otal W inton M alic acid C anadian C onductiv
Investigator ash lead no. value lead ho. ity  value

B ry a n .................... 147 151(a) 452
M cG ill................... 100 127(6) 287 380
Snell and  S c o tt. . , . . . .  125 190 329 331 109

(a) Original W inton m ethod. (6) Modified.
show s percen tage va riatio n  of th e different va lu es in 
th e  n atural product as found b y  B rya n , M cG ill, and 
ourselves. B ry a n ’s figures were obtained  from  481 
sam ples of m aple syru p representing all the m aple- 
producing states of th e Union and th e P rovin ce of 
Q uebec. M c G ill’s figures on th e C an adian  lead n u m 
ber are based upon analyses of 456 sam ples of C an a-

1 Lab. of the In land  Revenue D ept., O ttaw a, Bull. 228 (1911).

dian syrup s; those on W in ton  lead num ber, to tal 
ash and m alic acid  upon a s tu d y  of 4 7 ,115  and 452 
of these sam ples, resp ectively . Our lim its for th e con
d u c tiv ity  m ethod are the result of m easurem ents m ade 
upon over 200 syrups. It  w ill be n oticed  th a t the 
range is som ew hat w ider than  th a t reported in the 
first paper of this series, viz. 82% . T h is  is due to  the 
fa ct th a t since th e pub lication  of the paper on electrical 
c o n d u c tiv ity  we have folm d syru p s which ga v e  con
d u c tiv ity  values above the m axim um  p reviou sly  o b 
tain ed  (200) and w hich from  our present inform ation  
we m ust regard  as genuine. W e have, how ever, found 
none below  the m inim um  reported  ( n o ) .  Our figures 
for the other va lu es are based upon an uncom pleted 
in vestig atio n  of 125 sam ples of C an adian  syru p of 
the season of 1913 and are to  be regarded as m erely 
te n ta tiv e . W hen the in v estig a tio n  is com pleted  the 
range of som e of th e va lu es m a y p rove to  be narrow er 
th a n  here reported. From  th e figures g iven  in T able
I X  it is ev id en t th a t th e c o n d u c tiv ity  va lu e  shows the 
n arrow est lim its of va riatio n  of a n y  of th e  d ata.

C O M PA R A TIV E  P R E C IS IO N  OF L EA D  M E T H O D S
T h e L a b o ra to ry  of the C an adian  In lan d  R even ue, 

w hich origin ated  th e C an adian  lead m ethod, adm its 
th a t th e  W in ton  m ethod g iv es more precise results, 
i .  e., closer duplicates, th an  can  be ob tain ed  w ith  the 
C an adian  m ethod. O ur own experience is to  th e  same 
effect. I t  occurred to  th e authors th a t it  m ight be 
possible to  com bine th e a d va n ta ge s of these tw o m ethods 
b y  using th e  sam e proportion  of lead su b acetate  solu
tion  as in the C an adian  m ethod, and determ in ing the 
am ount of residual lead  in solution  as in th e W inton 
m ethod. Som e experim ents have been carried on in 
th is connection, th e results of w hich w ill be published 
in a subsequen t paper. '

M O D ES OF W A S H IN G  P R E C IP IT A T E  IN  C A N A D IA N  LEAD 
M ETH O D

E xp erim en ts h ave also been m ade upon the effect
of tem p eratu re and vo lu m e of w ash-w ater upon the
w eigh t of th e lead  su b acetate  p recip itate  as obtained 
b y  the C an adian  m ethod. T h e results given  in T able
X  clearly  in d icate th a t wash w aters of 80° and 100° C.

T a b l e  X — E p p e c t  o p  V a r i a t i o n s  o p  T e m p e r a t u r e  a n d  V o l u m e  o p  
W a s h  W a t e r  u p o n  t h e  C a n a d ia n  L e a d  N u m b e r

Syrup  I
T o ta l q u an tity  of wash w ater(a)

T em p, of wash w ater 80° C. 50 cc. 100 cc. 150 cc. Average
1st t im e ........................................... 4 .56  4 .2 9  4 .20

4 .52  4 .32  4 .62
2nd tím e .......................................  4 .68  4 .63  4 .12

4 .8 0  4 .6 0  4.21
Average a t 8 0 ° ................................ 4 .64  4 .46  4 .29  4 .46

100° C.
1st tim e .............................................  4 .77  4 .37  4 .70

4 .66  ____  4 .50
2nd tím e ............................................ 4 .8 4  4 .26  4 .3 6

4 .35  4 .42
Average a t  100°.............................  4 .76  4 .33  4 .5 0  4.53
A verage.............................................  4 .70  4 .4 0  4 .40
M ax. dev ia tion ...............................  0 .1 8  0 .23  0 .30

(a) Applied in five equal portions in every instance.
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Syrup I I

T o ta l q u an tity  of wash-water(a)
Tem p, of wash w ater 80° C. 50 cc. 100 cc. 150 cc. Average

1st t im e .............................................  2 .83  2 .4 0  2 .58
2 .92  2 .54  2 .69

2nd tim e .........................................  2 .95  2.74 2.75
2 .98  2.75 2.79

Average a t  80° .............................  2 .92  2.61 2 .70  2.74
100° C.

1st tim e ...........................................  2 .93  2 .72  2.51
2 .82  2 .70  2.65

2nd tim e .......................................... 2 .82  2.81 2.43
2 .98  2 .7 6  2.54

Average a t  100°.............................  2 .89  2 .75 2.53 2.72
A verage.............................................  2 .91 2 .68  2.62
M ax. dev ia tion .............................  0 .09  0 .28  0 .19

(a) Applied in five equal portions in every instance.
give  iden tical results. H igher results are obtained 
w ith 50 cc. of wash w ater (applied in five portions) 
th an  w ith  100 cc. or 150 cc. T h ere is no m aterial 
difference betw een  the results obtained w ith 100 cc. 
and w ith  150 cc. of wash w ater.

M O DES OF R E D U C T IO N  OF LEA D N U M B E R S TO DRY 
M A TTER  B A SIS

In  th e  in vestig atio n  m ade b y  the L ab orato ry  of the 
In lan d  R even u e D ep artm en t prelim inary to the setting 
of stan dards, th e  C an adian  and W inton lead determ ina
tions were m ade upon fixed q uan tities of syrup (5 
gram s and 25 gram s, resp ectively) and the results 
calcu lated  to a d ry  m atter basis. T h e standards, 
how ever, prescribe th e use of a q u a n tity  of syrup
eq u ivalen t to  th e sam e fixed q u a n tity  of dry matter,
i. e., 5 gram s and 25 gram s of d ry  m atter, respectively. 
W e h a ve  m ade a com parison of results obtained di
rectly  b y  th e m ethods of th e C an adian  standard with 
those ob tain ed  b y  calcu lation  from  th e determ inations 
on th e  w et basis. A s w ill be seen from  T ab le  X I,

T a b l e  XX— C o m p a r i s o n  o p  L e a d  N u m b e r s  o n  D r y  B a s i s , A c t u a l  
a n d  C a l c u l a t e d  

C anadian lead m ethod W inton lead method
Syrup A ctual Calculated Differ A ctual Calculated Differ

num ber lead no. lead no. ence lead no. lead no. ence
1 1.80 1.36 0 .44 1.35 1.53 0.18
2 3 .20 2.95 0 .25 1.96 2 . 1 1 0.15
3 3 .02 2.63 0 .39 1.98 2 . 2 0 0 . 2 2
4 2 . 8 6 2.51 0.35 2 . 0 1 2 .16 0.15

Average,, 0 .36 0.18

T H E  B L A N K  IN  T H E  W IN T O N  M ETH O D
In m aking the determ ination  of lead in th e blan k 

for the W in ton  m ethod, B rya n  recom m ends the ad di
tion  of acetic  acid  to  th e lead su b acetate  solution to 
preven t form ation  of a p recip itate  upon the addition  
of w ater, “ as pure sugar would d o .” 1 U pon m aking 
determ inations in duplicate on tw o b lanks, one treated  
with acetic acid, th e other w ith  25 gram s cane sugar 
syru p , we found th a t sm aller am ounts of lead were 
held in solution b y  th e  cane sugar th an  b y  the acetic 
acid. T h is w as th e  case, w hether th e determ inations 
were m ade im m ed iately  upon th e unfiltered b lan k 
or upon the settled  (3 hours) and filtered b lan k, as 
w ill be seen from  the figures of T a b le  X I I . It  w ould

T a b l e  X II— E x p e r i m e n t  o n  W i n t o n  B l a n k
W eight of lead sulfate precip ita te

w ith ‘ th e  C an adian  m ethod th e results obtained by 
calcu lation  to  a d ry  basis are low er than  those de
term ined d ire ctly  upon th e d ry  basis, the average 
difference on th e four syrup s being 0.36. W ith the 
W inton m ethod, on th e other hand, the calculated  re
sults are u n ifo rm ly higher th an  those d irectly  deter
mined, the average difference in this case being 0.18. 
A ll results g iven  are the average of closely agreeing 
duplicates. I t  w ould appear, therefore, th a t m aterial 
differences exist betw een the results obtained, on the 
one hand, b y  determ in ation  upon a fixed q u an tity  of 
syrup and calcu lation  to a d ry  basis and, on the other 
hand, b y  d irect determ ination  upon a definite q u an tity  
of dry n a tte r .

Im m ediately A t end of 3 
unfiltered hours filtered

Acetic acid used as clarifier in b lan k    0.1593 0.1600
25 grams cane sugar syrup in b lan k ..................... 0.1571 0.1558

seem  to  be m ore ration al to  m ake th e W in ton  blan k 
in th e presence of cane sugar syru p rath er th an  w ith 
acetic acid, as in this w a y  we should approxim ate more 
closely to  th e conditions obtainin g in the d eterm in a
tions upon m aple syrup.

SU M M ARY
1. T h e rates a t which the c o n d u ctiv ity  va lu e, ash 

d a ta  and various lead  values fall off as m aple syrup 
is d iluted w ith cane sugar syru p are determ ined for 
three sam ples of m aple syrup.

2. T h e  range of variation  of these d ata  in genuine 
syrup s is studied w ith reference to  the w ork of B ryan  
and M cG ill, as w ell as to  our own w ork.

3. T h e C an adian  lead valu e shows th e m ost rapid 
fallin g off.

4. T h e co n d u ctiv ity  value shows th e narrow est 
range.

5. T h e W in ton  lead m ethod gives b etter agreem ent 
of duplicates th an  th e C an adian  m ethod.

6. In th e C an adian  m ethod no m aterial difference 
is obtained b y  w ashing th e  precip itate w ith w ater 
a t 800 and io o °  C . P ra ctica lly  iden tical results are 
obtained w ith  100 cc. and 150 cc. wash w ater, b u t higher 
results w ith 50 cc.

7. R esults obtained in th e C an adian  m ethod, using 
th e q u a n tity  of syru p  contain ing 5 gram s of d ry  m atter, 
are higher than  those obtained w ith use of 5 gram s of 
syrup and calcu lated  to the d ry  basis. On th e other 
hand, in the m odified W inton m ethod, prescribed in 
the C an adian  stan dards, low er results are obtained 
w ith the use of th e q u a n tity  of syrup contain ing 25 
gram s d ry  m atter th a n  when 25 gram s syrup are used 
and th e  results calcu lated  to  th e d ry  basis.

8. T h e use of cane-sugar syru p  instead of acetic 
acid in the W in ton  b lan k  is suggested.

(T h e expenses of th is in vestigation  were defrayed 
ou t of the gran t of th e  D om inion G overnm en t for the 
advan cem en t of agriculture, 1 9 1 2 .)

M a c d o n a l d  C o l l e g e  
Q u e b e c , C a n a d a

>Bryan, loc. cit., p. 18.
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ON TH E PR EPA RA TIO N  OF NEUTRAL A M M O N IU M  
CITRATE SO LU TIO N 1

By P a u l  R u d n i c k  a n d  W . L .  L a t s h a w

It has been the custom  in this lab o rato ry  for several 
years p a st to  determ ine th e stren gth  of n eutral am 
m onium  c itra te  solution  b y  th e a n a lytica l m ethod 
recom m ended b y  th e C om m ittee on A m m onium  C itra te  
Solution  of this D ivision  in 1909,2 excep t th a t no 
a ttem p t w as m ade to  determ ine th e citric  acid  conten t 
b y  titra tin g  b ack  th e  residue a fter distillation  of the 
am m onia. It  w as found sim pler and easier to  deter
m ine the stren gth  in th is w ay  and to calcu late from  this 
stren gth  th e exten t of dilution  necessary to  bring the 
solution  to  th e stren gth  recom m ended, i. e., 43.7 
gram s of am m onia per liter, th an  to dilute to  th e re
quired specific g r a v ity  b y  cu t-an d -try  m ethods. A  
determ in ation  of th e specific g r a v ity  of the solution 
th u s prepared is a lw a y s m ade as a final check and is 
a lw ays foun d to  be 0.09 ±  0.001, su b sta n tia lly  as 
required  b y  th e official m eth od .3

T h e determ in ation  of th e  n eu tra lity  proper, h ow 
ever, has n ot been m ade b y  determ ining the citric 
acid  as recom m ended b y  th e com m ittee, b u t is m ade 
b y  th e indicator m ethod recom m ended b y H an d,4 
w hich has proven  fa ir ly  sa tisfa cto ry  in our hands so 
far as ease of m anipulation  and sim p lic ity  were con
cerned.

T h e  electrical c o n d u ctiv ity  m ethods proposed b y  
H all and B ell5 and later b y  P atten  and R obin son 6 
as well as the extractio n  and tem peratu re m ethods 
proposed b y  Bell and C ow ell7 do n ot seem applicable 
to  the problem  as presented in routine fertilizer w ork 
for various reasons, chiefly because of the difficulties 
of m anipulation  in vo lved . A  m ost p ractical m ethod 
of a tta ck in g  th e problem  w as advised  b y  P atten  
and M a rti8 and presented a t th e  last m eeting of this 
D ivision  in M ilw aukee. T h e great ad va n ta ge  of this 
m ethod lies both  in its  sim p lic ity  and ease of accurate 
reproduction, as well as in the fa ct th a t it  is based 
upon reliable and accu rate  physico-chem ical m easure
m ents sum m arized in a definite stren gth  of both  am 
m onia and citric  acid.

It  becam e a m atter of interest to  com pare this m ethod 
w ith the m ethod used in th is lab o rato ry  heretofore 
as described above, and the follow ing is an accoun t 
of the prelim inary w ork un dertaken  and of th e results 
so obtained.

T w o  solutions of am m onium  c itra te  were prepared 
as follow s:

Solution  I upon analysis b y  the P atten  and M a rti 
m ethod showed a content of 158.1 gram s of citric  acid 
and 37.23 gram s of am m onia per liter. From  this 
th e proper correction for both  citric  acid  and am m onia 
were calcu lated  and a re-analysis of th e corrected  solu
tion  showed a con ten t of 168.6 gram s of citric  acid

1 Paper presented a t  the  48th meeting of the  A. C. S., R ochester, 
Septem ber 8-12, 1913.

1 W. D . Richardson, el al.. T h is  J o u r n a l ,  1, 616 (1909).
* Bur. Chem., Bull. 107, page 1.
* Ibid. 132, page 11.
* J . A m . Chem. Soc., 33 , 711 (1911).
* T h i s  J o u r n a l ,  4, 443 (1912).
7 J .  A m . Chem. Soc., 35 , 49 (1913).
8 T h i s  J o u r n a l ,  5 , 5 6 7  (1 9 1 3 ) .

and 44.54 gram s of am m onia per liter. T h e gra v ity  
of th is solution  w as 1.09. T h is solution  w as assum ed 
to be p ra ctica lly  n eutral and of the proper strength, 
although when tested  b y  th e in d icator m ethod of Hand 
it  seem ed to be v e ry  sligh tly  acid. T h is  w as in ac
cordance w ith the ratio  of am m onia to  citric  acid, 
n am ely  1 : 3.786 in stead  of 1 : 3.765.

Solution II  w as m ade up of a higher concentration 
than  th a t  required b y  th e official m ethod and was 
then  b rough t to n eu tra lity  as follow s:

In stead  of follow ing str ic t ly  the m ethod of Hand 
a series of tubes was prepared from  Solution  I as 
described b y  H and, n am ely  adding 5 cc. of the am 
m onium  citra te  solution to  45 cc. of neutral water 
contain ing the prescribed am ount of azolitm in  indi
cator. One of these tu b es w as le ft unchanged and to 
the rem ainder were m ade successive additions, differ
ing b y  0.5 cc. each, of N /10  am m onia and N /10  
citric  acid, resp ectively . From  these tu b es th e one 
a p p a ren tly  nearest n eutral w as chosen and  Solution 
II  w as then  a d ju sted  to  th is color b y  th e  m ethod of 
H and. In stead  of com paring th e tu b es as described 
b y  him , how ever, we foun d it  m uch easier to  com pare 
them  in a Craven-Jen nin gs colorim eter1 in th e  same 
m anner as in nesslcrization  of w ater.

Solution  II  was then  an a lyzed  b y  th e P a tten  and 
M arti m ethod and w as foun d to  contain  179.2 gram s 
of citric  acid  and 4 7.So gram s of am m onia per liter, 
g iv in g  a ratio  of 1 : 3.748 as again st 1 : 3.765, the 
ratio  g iven  b y  P a tten  and M arti. Solution  II  was 
then  b rough t to a g r a v ity  of 1.09.

W e now had tw o  solutions, one of w hich (Solution 
II) w as o b vio u sly  s lig h tly  a lkalin e, th e  other (Solution 
I) s lig h tly  acid. C o m p a rativ e  analyses o f a sam ple 
of acid  ph osphate were m ade w ith  these tw o  solutions, 
g iv in g  th e fo llow ing results:

P e r c e n t a g e s  I n s o l u b l e  PjOs b y  
Solution I  Solution II

1.1 0  1.11
I . 11 1. 10
L ost 1.12

These results w ould in d icate th a t th e va riatio n  of 
these solutions from  the ratio  g iven  b y  P atten  and 
M arti w as not sufficient to  affect the results obtained 
on the sam ple of acid  ph osphate in question. Further 
w ork on th is su b ject is in  progress.

C h e m i c a l  L a b o r a t o r y  o p  A r m o u r  &  C o m p a n y  
U n i o n  S t o c k  Y a r d s , C h ic a g o

A  S T U D Y  O F  T H E  P E M B E R T O N -K IL G O R E  M E T H O D  FO R  
D E T E R M IN A T IO N  O F  P H O S P H O R IC  A C ID

By P .  L. H i b b a r d  
Received Aug. 4, 1913

A fte r  using th e P em b erton -K ilgo re volum etric 
m ethod for phosphoric acid  q u ite  successfu lly  for some 
tim e, sources of error in it  becam e apparent. E ndeavor 
to a void  these errors led to  the m akin g of th is study, 
w hich is now published w ith the hope th a t others 
m ay be helped in th e use of this v e ry  good m ethod.

In th e beginning it  is well to  understand th a t  the 
m ethod is not, nor can it  be m ade scien tifica lly  exact. 
G ood results obtained in th e use of it  m ust a lw ays be

1 Supplied by the Bausch & Lomb O ptical C om pany.
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due to  a proper balan cin g of tendencies to  error. 
N evertheless, w ith proper handling, it  is capable of 
g iv in g  results w hich for a ccu racy  and reliab ility  
com pare fa v o ra b ly  w ith  those obtained  b y  most 
a n a lytica l m ethods in com m on use, and which are 
obtained  w ith  an ease and speed n ot equalled b y  an y 
other m ethod for determ in ation  of phosphoric acid 
know n to  th e w riter. M uch sim ilar w ork has been 
done b y  others. (See B ib liograph y.)

P u b licatio n  of th is s tu d y  has been long delayed, 
w ith  th e  hope of b etter clearing up several points. 
Pressure of other w ork now m akes it like ly  th a t this is 
v e ry  rem ote. B u t for p ractica l purposes th e w ork 
is com plete and is now  given  p u b lic ity  w ith the hope 
th a t it  m ay  assist som e to  successfu lly  use the Pem- 
b erton -K ilgore m ethod, who w ould not otherwise 
overcom e som e of its  difficulties.

T h is w ork includes a s tu d y  of th e influence of the 
chief factors lik e ly  to  h a v e  a n y  bearing on th e successful 
use of th e m ethod, as ap p aren t to the w riter. The 
m ethod is n ot well ad ap ted  for estim atin g v e ry  sm all 
am ounts of phosphoric acid. M a n y  of the results 
are given  in ta b u la r  form  for easy  reference. T his is 
follow ed b y  a su m m ary and bib liography.

A . P R IN C IP L E S  OF T H E  M ETH O D
T h e ph osphate solution  is m ixed w ith  an acid solution 

of m olybd ic  acid , w hich causes precip itation  of an acid 
double sa lt of phosphoric and m olybdic acids of uni
form  and definite com position (E  26). T his salt, here 
spoken of as yellow  p recip itate , is filtered out, washed 
free of other acid, and its a c id ity  determ ined b y  titra 
tion  w ith  stan dard  cau stic  a lkali, w hich thus m easures 
th e am oun t of P 20 6 in the solution analyzed. A p 
p a ren tly  th is should g iv e  scien tifically  exact results. 
In p ractice th is is n ot true because of the influence 
of th e num erous other substances u sually  present in 
the ph osphate solution. Inexperienced operators will 
u sually  get as good results w ith  th is m ethod as with 
m ost others. E xp erienced  an a lysts  w ill need con
siderable p ractice  w ith it  before then  can safely  rely  
on th eir results, th o u gh  it  is hoped th a t careful reading 
of this s tu d y  will soon enable such persons to use it 
v e ry  successfu lly. In  case b u t few  determ inations 
art to  be m ade a t one tim e, it  is scarcely  w orth while 
to  prepare th e  ap p aratu s and solutions needed. The 
gravim etric  m ethod w ould be m ore convenient.

T h e m ethod is su itab le for determ ination of P2O6 
in alm ost a n y  substance, w ith  great speed and adequate 
accu racy. A fter  th e solution of th e phosphate is 
prepared th e  assay m ay be com pleted in 20 m inutes 
or in m uch less tim e, a t slight sacrifice of accuracy. 
In the analysis of fertilizers b y  th is m ethod, I have 
been able to  com plete 21 determ inations, including 
w eighing ou t to final result, in  a little  over six hours 
of a ctu al w orkin g tim e, on various occasions. A b out 
one-third of those were determ inations of citrate- 
insoluble P2O5 w hich require m uch more tim e to pre
pare th e solutions. A fter  th e solutions were prepared 
I h ave been able to  p recip itate, wash and titra te  to 
final result 22 sam ples in tw o  and one-third hours.

B . T H E  F IL T E R  AN D  P R E P A R A T IO N  OF A SB ESTO S
L ack  of a su itable filter is the probable cause of 

more failures in th e use of this m ethod than  a n y  other 
one thing. T h e usual paper filter, or the G ooch 
crucible, is not well suited to  the w ork, and a n y  one 
depending on them  is like ly  soon to  be discouraged. 
T h e filter tu b e described b y  K ilgore is v e ry  satisfa cto ry  
(G  7). C om m on ly know n as a carbon tu b e or sugar 
filter, this is a glass tub e abou t 1 */< inches wide, 2V2 
inches long, open at one end and narrowed at the 
other end to  a stem  */4 inch diam eter and 2 inches long. 
A  perforated  porcelain disk  i ' / s inches diam eter has 
a stiff piece of p latinum  or copper wire 5 inches long 
fasten ed in its center. B y  extending into the narrow  
stem  th is wire holds th e disk level in th e bottom  of the 
filter tube. The disk supports a layer of prepared 
asbestos abou t l/s inch th ick  which form s th e filter. 
T h e stem  of th e filter tu b e is pushed through one hole 
of a tw o-hole rubber stopper w hich is placed in the 
m outh of an ordinary 12-ounce wide m outh b ottle. 
A  bent glass tub e in th e other hole of the stopper is 
connected w ith th e  vacuum  pipe. Suction equal to 
10 inches of m ercury is sufficient. In form ing the 
filter, suction should n ot be applied until m ost of the 
w ater has run out of th e asbestos pulp after it is poured 
into the filter tube.

A  suitable q u a lity  of asbestos is v e ry  im p ortan t for 
rapid and clear filtering. In  order to  prepare the as
bestos, shred it  to sm all pieces, pack  into a wide 
m outhed flask, cover w ith d ilute H C 1 (1 to  3). P lace the 
flask in a w ater b ath  and h eat to  boiling several (five) 
hours. (C an n o t well be heated  over flam e.) F ilter 
on a B uchner filter, wash free of acid, return to  the 
flask and cover w ith 5 per cent caustic soda, heat again 
in a w ater b ath  three hours, filter, wash free of alkali, 
then w ith  d ilute acid, and fin ally  w ith  w ater till free 
of acid. T h e fine p a rt m ust now be rem oved b y  de- 
can tation . (A ttem p ts to  rem ove th e fine asbestos 
b y  an elutriation  process were not v e ry  successful.) 
T h e asbestos is suspended in a large volum e of w ater, 
in a ta ll jar  or cylinder, allow ed to stand abou t five 
m inutes, till the va lu able  coarser p a rt is settled . T h e 
m ilky liquor in the upper */* of th e jar  is now siphoned 
off, the ja r  again filled w ith w ater and the asbestos 
stirred through it; after a few  m inutes th e m ilky 
liquor is again  draw n off. T h e fine asbestos in th e 
liquor draw n off is of no va lu e  for filtering and if left 
w ith the coarse p art, clogs th e filter, m aking it  ve ry  
slow in operation. T h e decantation  m ust be repeated 
five or six tim es till th e  liquor draw n off contains v e ry  
little  suspended m atter. T h e rem aining m edium  
coarse asbestos is now ready for use. T o  m ake a 
q u ick-actin g filter th e fibers should be long and rath er 
stiff so th a t the filtering bed w ill be som ew hat sp rin gy 
and rem ain v e ry  porous under pressure. If th e as
bestos fiber is v e ry  so ft and thread-like, th e filter bed 
becom es com pact and filters v e ry  slow ly. A fter  using 
in a determ ination, th e asbestos m ay be recovered for 
using again, b y  w ashing w ith alkali, then  acid and 
again decantin g to  rem ove fine m aterial. T h e filtering 
tubes prepared w ith this asbestos are used m uch as 
th e gooch crucible w ould be. W ith  this ap p aratu s and
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properly prepared asbestos, the operation  of filtering 
and w ashing an ordinary P2O5 p recip itation  need not 
consum e more th a n -fiv e  m inutes.

If an ord inary paper filter be used, there is danger of 
decom position of the p recip itate b y  th e long w ashing 
necessary to  rem ove all acid from  th e filter paper. 
T his decom position  m ay be preven ted  b y  the presence 
of 2 per cen t of potassium  n itrate in the wash w ater. 
If  paper is used, there is danger of reduction  of the 
m olyb d ate during the titra tio n , a fter th e solution 
becom es alkaline, thus producing a bluish color, which 
obscures th e  end point in th e final titra tio n  b ack  w ith 
acid. T h e am m onium  ph osphom olybdate p recip itate 
packs v e ry  m uch during filtration  b y  suction  so th a t 
if there is m uch of the precip itate, it  m akes so deep a 
layer in the ordinary size of gooch crucible, th a t filtra
tion  and w ashing are slow. Besides, th e gooch is n ot 
a  conven ien t dish from  w hich to  transfer the p recip i
ta te  and asbestos b ack  to th e p recip itatin g  flask. 
B oth  of these defects are avoided  b y  use of th e carbon 
filter tu b e of the size m entioned; besides, the tu b e has 
m uch greater c a p a city  to hold liquid  th a n  th e gooch, 
w hich is a great a d van tage when several are operated 
sim ultaneously.

T h e w ater used for w ashing th e  yellow  p recip itate  
m ust be neutral and free of organic m atter, am m onia 
or CO2 com pounds.

C . E X P L A N A T IO N  O P M ETH O D S A ND S O L U T IO N S  U SE D

D etails of th e m ethod of operatin g are g iven  under 
Section D.

F or n early  all of th e w ork here reported  a solution  
of sodium  phosphate w as used, usually  contain ing 
abou t three gram s per liter. T h is m akes a b ou t 20 
mg. P2O5 in 25 cc., th e am ount usually  ta k en  for each 
test. F or m easuring th e separate portions, a 25 cc. 
a u tom atic  overflow  pip ette w as used. Its  d elivery  
w as v e ry  constan t and reliable. D urin g th e course 
of the w ork several different phosphate solutions were 
m ade and used. F or th is reason th e a ctu al P2O5 tak en  
for each set of experim ents w as som ew hat variab le, 
and the correct am oun t is u su ally  given  at th e beginning 
of each table . W ith  som e exceptions figures g iven  are 
the result of tw o  or more closely agreeing determ ina
tions; in m any cases, num erous determ inations were 
m ade. In  som e of the less im p ortan t m atters only 
th e figures g iven  were obtained.

T h e m olybdate solution used w as m ade up according 
to  the m ethod of the A. 0 . A . C ., B ulletin  1 0 7 ,  p. 4, 
B u reau  of C h em istry , U n ited  S tates D ep artm en t of 
A gricu lture. One liter contained abou t 50 gram s 
M oO j (85 per cent), 72 cc. am m onia (sp. gr. 0.90) and 
250 cc. H N O 3 (sp. gr. 1.42). T h is was fresh ly  filtered 
a t tim e of using, and to  each 100 cc., 5 cc. H N O 3 
(sp. gr. 1.42) were added. In  m ost cases 25 cc. of 
N IL1N O3 (60 per cen t solution) =  15 gram s were used 
in each test.

In  experim enting w ith th e various substances, a 
con cen trated  solution  of each w as m ade and various 
am ounts of it were added to the phosphate solution before 
m aking th e volum e up to  100 cc. w ith  w ater. F or 
convenience com plete w orking details of th e m ethod 
are here given .

D . W O R K IN G  D E T A IL S  O F T H E  V O L U M E T R IC  M ETH O D

F or th is process the solution m a y be prepared b y  any 
of the m ethods given  in E  24, excep t b y  the use of 
sulfuric acid. F or the precip itation , a wide m outhed 
E rlen m eyer flask of a b o u t 400 cc. ca p a city  is con
ven ien t. T ran sfer to th e flask, b y  m eans of a pip ette, 
an aliq uot of th e ph osphate solution such th a t it  will 
contain  10 to  30 m g. phosphoric acid. I t  is desirable 
to  h a ve  as n early  20 m g. as convenient. N eutralize 
the a liq uot tak en  b y  adding a sligh t excess of am m onia, 
then n itric  acid  to fa in t a c id ity ; then  add 25 cc. of 
am m onium  n itrate, 60 per cent solution; th en  w ater 
to  bring th e to ta l vo lu m e to ab ou t 100 cc. In  case 
v e ry  sm all am ounts of phosphoric acid  are present, 
it  is b etter not to increase the vo lu m e m ore than  
necessary, leavin g it  less th an  100 cc. if convenient. 
P lace the flask in th e w ater b ath  a t 65° C . and after 
a few  m inutes, when w arm , add excess of am m onium  
m o lyb d a te  solution, m ix, and let stan d  a t 65° for 15 
m inutes. (T em p eratu re in  th e  flask is u su a lly  2 or 
3 degrees low er th an  in the b ath .) T h e am ou n t of 
m olyb d ate  solution  is varied  in proportion  to  the 
phosphoric acid  present.

T h e m inim um  am ount to be used is 20 cc. and if a 
proper a liq u ot of th e ph osphate solution  is taken, 
40 cc. w ill be sufficient for a lm ost a n y  sam ple. T he 
m olybd ate  solution  m ust be filtered im m ediately  
before using; then  add to  it  5 cc. of n itric  acid  for each 
100 cc. of m olyb d ate solution. In  case there is ve ry  
little  phosphoric acid  present, or, if  th e solution  con
tain s m uch silica, it  is b etter to  keep tem peratu re at 
50 to  ss  instead of 65. I t  should n ever be higher than 
65 on accoun t of danger of p recip itatin g m olybdic acid, 
and th e tim e should n ot be m uch over 15 m inutes at 
th is tem perature. A fter  exp iration  of th e tim e, filter 
on asbestos in  filter tu b e ab ove described supported 
on a 12-ounce wide m outh b ottle . W ash w ith  pure 
w ater w hich m ust be n eutral. B y  using 20 to  30 cc. 
of w a ter for each w ashing, th e  p recip itate  is usually 
free of acid  b y  th e tim e th e b o ttle  is fu ll. In  order 
to  te st for freedom  from  acid, tran sfer th e filter to a 
clean b o ttle  in  w hich  collect som e of the washings 
(20 to 30 cc.), add a few  drops of ph enolp hthalein , then 
one drop of stan dard  alkali. If  th e red color is per
sistent, the w ashing has been sufficient. R inse off 
th e outside of th e filter tu b e w ith  w ater. In v e rt it 
into  th e  m outh of the flask and b y  m eans of th e wire 
in  th e disk, push th e p recip itate  out into  th e flask. 
R in se ou t clean  w ith  w ater, in to  the flask. N ow  t i
tra te  w ith  th e stan dard  a lka li, N aO H  or K O H  with 
continual shakin g, until th e  yellow  p recip itate  has 
com p letely  disappeared. T h is disappears grad u ally . 
T a k e  care not to  use a large excess of a lkali. T w o  or 
th ree cc. excess is best. A fter  complete disappearance 
of th e yellow  p recip itate  add V2 cc. phenolphthalein  
solution  and titra te  b ack  to  colorless w ith  standard 
n itric  acid, w hich is u su ally  of th e sam e stren gth  as 
a lkali. T h e stan dard  a lk ali used is of such strength 
th a t 1 cc. is eq u iva len t to  1 m g. of P2O5 (32.38 norm al). 
F rom  th is m ay be calcu lated  th e  am ount of phosphoric 
acid  present.
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E .  D E T A IL E D  ST U D Y  OF T H E  C H IE F  C O N D IT IO N S AND 

SU B S T A N C E S  C O N C E R N E D  IN  T H E  U SE  

O F T H E  V O L U M E T R IC  M ETH O D

In  general, excep t when otherw ise stated, each test 
was conducted  ab ou t as described under D.

I . Temperature 

T h e  yellow  p recip itate  separates from  the usual 
m olyb d ate  solution  m ore or less rap id ly , according to 
tem perature. H ence, it  is im p ortan t to m easure this 
effect at various tem peratures.

T a b l e  I
A. 20.3  mg. PaOi present B. 21 .3  mg. PaO« present

Tim e M g. PaO« Tim e Mg. PaO»
heated T em pera tu re  found 

°C.
heated T em perature

»C.
found

15 40 18 .9 (a) 15 50 20.6
15 50 20.2 30 50 20.8
15 60 20.1 60 50 21.0
15 65 20.3 120 50 21.3
15 70 20.8 60 65 21.6

(a) Very im perfect precipitation.
15 65 21.3

T h e p recip itate  form ed a t tem peratures below 400 
is v e ry  finely  d ivid ed  and difficult to  filter properly, 
though it  becom es fa ir ly  good if  allow ed to stand over 
n ight. Y e t  th e  result is low . A  shows effects of 
variation s in tem peratu re for a fixed tim e. B shows 
effect of varied  tim e at fixed tem perature. High tem 
p erature prom otes com plete and rapid  separation of 
yellow  p recip ita te  also of M0O3. A t  low  tem perature 
M0O3 does n ot sep arate so soon, b u t th e yellow  pre
cip ita te  is also slow  in form ing, and too finely divided 
to filter well, so a m edium  point is selected at which 
the m ain evils are avoided  and a reliable result obtained. 
F or th is w ork th e official conditions seem  as good as 
an y, 15 m inutes a t 65° w ith  100 cc. volum e, though 
it is quite possible th a t  a different set of conditions 
would do as well if prop erly  w orked out. Thus, a 
higher tem p eratu re w ith  shorter tim e would do v e ry  
well, excep t th a t there is greater danger of separation 
of M0O3 if  tem peratu re is n ot q u ick ly  low ered. Low er 
tem perature w ith longer tim e is v e ry  freq u en tly  used, 
and is safer, th e only objection  being longer tim e 
necessary.

2. Tim e

T a b le  I indicates th a t tim e has a ve ry  im portant 
effect on separation  of M0O3. T h is is b etter shown in 
T a b le  II in  w hich tim e is varied  b u t tem perature con
stant.

T a b l e  I I  
20 .3  mg. PaO« present

Tim e heated T em perature
°C

PaO* found

1 min. 65 19.9
5 min. 65 20.1

15 min. 65 20.3
30 min. 65 20 .4
60 min. 65 20.8
15 min. 65 then stood
24 hrs. 20 20.3

T h e last result shows th a t a fter the precipitation  is 
properly com pleted  a t the e levated  tem perature, the 
result is n ot changed b y  allow ing it to  stan d  24 hours 
at room  tem perature.

3. Volume or Concentration 

T h e volum e in which precip itation  ta k es  place has 
a v e ry  im portan t effect on the character of th e p re
cip itate. In  a concen trated  solution of P2O5, the p re
cip itate  is too finely d ivided and does n ot filter and 
wash well. In a d ilute solution the p recip itate is slow 
in form ing and is like ly  to be deficient in q u an tity . 
T ab le  I I I  indicates these effects.

T a b l e  I I I  ,
A. 20.3  mg. PaO« present B. 4 .07  mg. P 2O5 present

Volume M g. PaOe Volume M g. PaOs
Cc. found Cc. found

50 20.2 25 4.05
100 20.3 50 4 .00
150 20.3 100 3 .50
300 19.5

In  th is table all quan tities were constan t e:
volum e. B u t if m olybdenum  is increased in proportion 
to to ta l volum e, th e P2OS found is n early  correct as is 
indicated  in T a b le  IV .

4. Proportion of Molybdenum

W h atever m ay be th e com position of the yellow  
p recip itate it  is fu lly  established b y  experience th a t 
much m ore m olybdenum  m ust be present in the solution 
than  is necessary to  com bine w ith th e P2O5 present. 
T w ice  as m uch is com m on ly used, often  m uch more.
T h is excess tends to separate from  th e solution at ele
va te d  tem peratures and contam in ate th e yellow  p re
cip itate. Herein is perhaps the greatest inherent source 
of error in th e vo lu m etric  m ethod. A m m onium  n itrate 
in th e solution reduces the am ount of m olybdenum  
necessary for com plete p recip itation  of P2O5, also, 
prom otes separation  of M0O3. H N 0 3 has the opposite 
effect. H ence, all these m ust be considered in ad
ju stin g  th e solution w hich is discussed under heading 9.

T a b le  IV  indicates effects of va ry in g  molybdpflJUK^tHNi 
all other quan tities rem aining constan t, exc^pl^. as  ̂
indicated. In  B the proportion  of m olybdenum  to } 
phoric acid is re la tiv e ly  high, and high results are show !
In C  the opposite is true.

a .  20.3
mg. PaO* present

3 650 w *03 d «; §

T a b l e  IV  
B. 4 .07

■o -o

I*
15
20
25
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40
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H
100
100
100
100
100
100
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2

19.6
2 0 .1
20.2
20.3
20.3 
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mg.. PaO« present C. 40,.7 mg. PaO.
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2 s a £
5 100 3 .9 0 30 100 3 9 .6

10 100 4 .35 40 100 3 9 .9
15 100 4 .40 50 100 4 0 .0
20 100 4 .4 0 75 125 40 .2

5 - N itric A cid

100 125 40.1

Free acid  m ust be present in order th a t th e yellow  
p recip itate m ay be form ed as shown under Effect of 
Free Acids  (E  8). N itric  is th e m ost su itab le acid  
(E  25). C o n tra ry  to  th e  effect of N H 4N O 3 it  tends to 
p reven t separation of both the yellow  p recip itate and 
of M0O3, i . e., both  are soluble in acid  of sufficient 
concentration. A s shown in T a b le  V I I I ,  less th an
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th e usual am oun t allow s M0O3 to  separate, causing 
high results, while more th a n  tw ice the usual am ount 
has b u t little  solven t effect on the precipitate.

6. Am m onium  Nitrate 

A m m on ium  n itrate, though form ed in the reaction, 
is n ot n ecessary excep t to produce a desirable ph ysical 
condition of th e p recip itate  and render it  less soluble 
in th e liquid. I t  prom otes the separation  of M0O3, 
thus causing high results, b u t if it  is absent the pre
cip itate  is v e ry  finely d ivided, hence, difficult to filter, 
and result is low . L arge excess of am m onium  n itrate 
causes an am orphous p recip itate, w hich passes through 
the filter during w ashing, y e t results are high— due to 
co-precip itated  M0O3. A m m onium  n itrate  m ay be 
to  som e exten t replaced b y  other salts w hich tend to 
h ave sim ilar effects in prom oting proper form ation  and 
separation  to  th e precip itate . T h u s in th e presence 
of N a C l or (N E Q jSO *, less NH4NO3 is required.

T a bu j V 
S ubstitu tion  of N H 4NOi

By N a d  By (NHOsSO*

NH«NO j N aC l Mg. PaO# NHtNOa (NH^jSO« MgPsOs
Cc. Cc. found Cc. Cc. found
15 0 20.3 15 0 20.8
15 4 20.5 3 4 21.3
0 8 20.0 3 8 21.1
5 8 20.3 .. .. __

15 8 20.6 .. .. __
0 16 18.6 .. .. __

10 16 20.2 .. .. __

(T his is com plicated  b y  action  of S 0 4 w hich usually  
tends to high results.) T herefore, if the solution 
contain s much of som e other salt, less NH 4N O 3 need 
be used. If the fu ll usual am ount is used in addition  
to the other salt present, th e bad effects of an excess 
of the la tter  are apparent, while if less N H 4N O 3 were 
used th e other substance would n ot interfere so m uch.

B esides its effects on the precip itate , am m onium  
n itrate  preven ts solution of the p recip itate  b y  the wash 
w ater during filtration, and p a rtia lly  offsets th e bad 
effect of excessive soluble chlorides in som e cases.

7. General Effect of Salts in Solution  

B elow  5 per cent m ost salts h ave b u t slight effect. 
Iron salts and sulfates are exceptions. L arge quan tities 
of all sa lts exam ined h ave sim ilar general effect, 
though not to th e sam e exten t for all. N itra tes are 
least injurious. L arge am ounts of soluble salts in 
crease so lu b ility  of yellow  p recip itate and tend to pre
v e n t its form ation, also, cause it  to  run through the 
filter in w ashing. T h e on ly  rem edy is to decrease the 
concen tration  of th e salt. D ecom position  of th e pre
cip ita te  in washing is large ly  avoid ed  b y  presence of 
2 per cent of K N O 3  or NH 4N O 3 in the wash w ater. 
M o ly b d ic  solution or dilute H N O 3 is also effective, 
b u t is n ot perm issible in the vo lu m etric  m ethod.

S. Effect of Free Acids  

T h e yellow  p recip itate  is soluble in strong acids so 
th a t their general effect is to  cause low  results. B u t a 
certain  am ount of free acid  is n ecessary to form  the 
p recip itate  according to the eq uation:

CaH4(P04)2 +  24(NH4)2MoC>4 +  44H NO3 =  

2(NH 4)3P04(M o03)12 +  42NH4NO3 +  C a ( N 03)2 +  
24H2O.

T his free acid m ay be either H C 1, HNO3, or H2S04, 
though HNO3 is preferable as shown under E  25. 
Besides being necessary in th e reaction, to form  am 
m onium  ph osph om olyb date, free acid  is necessary 
to  p reven t separation  of M0O3 and th e q u a n tity  thus 
needed is va riab le  depending on th e  am ounts of salts, 
m olybdenum , P2O5 and w ater in a g iven  volum e. 
Free acid  is also needed to  keep in solution certain 
bases, as Fe, C u. T h e free acid  u su a lly  present is 
com m on ly several tim es the am ount needed in the 
reaction. A ccord in g to  th e eq uation  above, x part 
P 206 requires 16.2 p arts M0O3 and 18.6 parts HNO3. If 
th e solution  contain s 0.02 per cen t P 2Os th is would 
need for th e reaction  0.372 gram  HNO3. H ow ever, 
30 cc. of th e official m olyb d ate  solution used in this 
case w ould contain  n early  seven gram s HNO3. The 
relation  of th e s e . various substances m a y well be dis
cussed under th e heading:
g. Proportion between P^Os, IINO3, NH^NOt, Molyb

denum and Volume 

F ifteen  to  th ir ty  mg. P2O5 is the m ost convenient 
am ount. There is no a d va n ta ge  in m ore P2O5 as 
sensitiveness of end point decreases in proportion  as 
P2O5 increases, so th a t greater a ccu racy  is not obtained 
b y  use of larger am ounts of P2O5. T h is is one of the 
w eakest points of the m ethod and m akes th e result 
som ew hat uncertain  for high percen tages of P 205- 
For sm all am ounts of P 205, 15 m g. or less, it  is better 
to keep th e vo lu m e below  100 cc. in order to  obtain 
rapid  separation  of yellow  p recip itate. In  th is case 
less NH4NO3 should be used. T h e  relation  between 
NH4NO3 and HNO3 in the solution m a y be som ew hat 
a m a tter of personal choice. I t  is shown b y  Hunde- 
shagen (G  34) th a t  a t least 26 mol. HNO3 to 1 PO4 are 
n ecessary, and up to 80 do no harm ; above th a t causes 
so lu b ility  of precip itate. B u t th is w as in the presence 
of b u t little  NH4NO3. In  m y w ork, w hich is essentially 
according to  th e m ethod of the Official Agricultural 
C hem ists, 15 per cent NH4NO3 is used, in general, and 
w ith  th is ab ou t 7 per cen t freeH N O s (supplied b y  m olyb 
d ate solution). T h is  is abou t 3 tim es as m uch acid as 
H undeshagen recom m ends. T h e purpose of NH4NO3 is 
to  prom ote rap id  and com plete separation  of precipitate 
b u t it  also prom otes easy separation  of M0O3 which 
ten d en cy  is coun teracted  b y  free HNO3. T h is free 
acid  w hich is contained in th e m o lyb d a te  solution helps 
preserve th e  reagen t and tends to p reven t separation 
of M0O3 from  th is solution  (m olybdate) while standing 
before use, as w ell as a fter it is m ixed w ith  P 2Os solution. 
I f less NH4NO3 is used, less HNO3 should be used, to 
a vo id  so lu b ility  of p recip itate.

In order to  secure com plete separation  of th e yellow 
p recip itate  in a short tim e, the am ount of m olybdenum  
used should be at least tw ice th e am ount necessary 
to  com bine w ith P 20 5. N H 4 N O 3  helps to  reduce the 
am ount of m olybdenum  th u s needed. B u t the greater 
th e excess of m olybdenum  present th e greater is the 
danger of separation  of free M0O3: hence, the lim it 
to 2 or 3 tim es th e am ount entering th e precipitate.
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In case of v e ry  sm all am ounts of P2O5 results are usually  
high if large excess of m olybdenum  is used. In presence 
of more than  ordinary am ounts of P2O5 results are low 
unless m olybdenum  is correspondingly increased. 
In fa c t the proportion  of all. the other ingredients in 
the solution  should be m ade to correspond to am ount of 
P2O5 present. A  good w orkin g proportion is this: 
0.02 gram  P 2O s, 15 gram s N H 4N O 3, volum e 100 cc. 
and 30 cc. m olyb d ate  solution, containing 7 per cent 
free H N O j.

10. Chlorides 
T a b le  VI

M g. of P2O4 found w ith

Chloride
added

Percentage N aC l N H 4CI M gCl2 C aC b FeCU

HC1 
(Sp. gr.) 

1.20) BaCli
0 21.3 21.2 20.3 20.3 21 .3 20.1 20.3
0 .5 20 .2 20.1 20 .4 20 .0
1 21.2 20.1 20 .2 18.7 20 .0 20.4
2 20.9 21.0 20 .0 20 .0 19.2 19.9 20.4
4 21 .0 20.8 19.8 20 .0 19.2 19.9 20.3
8 20.9 20 .6 18.5 20 .0 19.2 20.2

16 20 .6 20.4

A ll chlorides exam ined tend to cause low  results and 
so lu b ility  of yellow  p recip itate. Iron and m agnesium  
chlorides are m ost injurious, calcium  least. H ow ever, 
if H C 1 is used as th e solven t in preparing the solution 
for analysis, then  an aliq uot is taken ; the C l present 
is not often  sufficient to be percep tible in effect. The 
NH.1NO3 used large ly  overcom es effect of Cl.

1 1 . Nitrates 
T a b l e  V I I
Mg. P 2O5 found with
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In  presence of soluble copper com pounds, a little  
C u  is contained in th e p recip itate and causes th e as
bestos to appear green in final titra tio n . W hen more 
th an  2 per cent H 2S 0 4 is present it  shows a strong sol
ve n t action  on the precipitate. In absence of NH 4NO3 
this is m uch more apparent. Up to 2 or 3 per cent, 
soluble sulfates in general cause high results, above 
3 per cent u sually  causes low  results, w ith  th e bad 
effects of excess of a n y  soluble salts.

13. Removal of Soluble Sulfates from  Solution

H igh results, due to  soluble sulfates, are avoided  b y 
precip itatin g SO4 b y  B a C l2. T h is should a lw ays be 
done in presence of considerable free acid  in order to 
preven t separation  of barium  phosphate. T h e solution 
is then d iluted  to a su itab le  volum e and an aliquot 
tak en  for determ in ation  of P2O5.

Exam ples of Removal of Sulfates

One hundred cc. phosphate solution  placed in 200 cc. 
flask, added 5 gram s K2SO4, 6 cc. H N O j, boiled, added 
excess B a C l2, n eutralized  w ith  N H S, cooled, filled to 
m ark, filtered, too k  for determ in ation, 50 cc. =  0.0208 
P2O5, found, 0.0209. T h is shows th a t P2O5 is not 
carried dow n b y  BaSO.i in acid  solution.

14. Exam ples of Effect of Soluble Sulfates

Solutions of various fertilizers m ade b y  digestion 
w ith  H 2S O j and K2SO4 as if for determ ination  of 
nitrogen; no B a C l2 added to rem ove SO4: com pared 
w ith solution of the sam e sam ples m ade b y  burning 
w ith M gO  and dissolving in H C 1, B a C l2 added to 
rem ove S 0 4.

T a b l e  IX
Percentages P2O5 found w ith solution 

m ade by

N aN O j in addition  to  regular NH4NO3 has little 
effect up to s per cent. B u t if su b stitu ted  for NH4NO3 
in part or whole the p recip itate  is soluble, more or less. 
H ence, it  is best to  a void  large am ounts of sodium  salts. 
N itrates in sm all q u a n tity  tend  tow ard  high results, 
b u t in large am ounts m odify  the character of the pre
cip itate  g re a tly  and cause low  results, like an y soluble 
sa lt in large am ount.

i s .  Sulfates
T a b l e  V III
M g. P2O5 found w ith

M aterial MgO
N o. 70. Com plete fertilizer... 12.50 

12.50

N o. 78 Bone m eal...................  22 .30
22.30

No. 86 T an k ag e ........................  12.55
No. 87. Com plete fertilizer... 9 .40

Burning w ith Digestion with 
HtSOi
12.95
12.95
12.95 
21.85 
22.45 
22.70 
13.20 
10.00

1 5. Soluble S ilica

T a b l e  X — P aO s F o u n d  w i t h  P e r c e n t a g e  S i0 2  i n  S o l u t i o n  
0.0212 0 .000
0.0212 0.005
0.0213 0 .010
0.0218(a) 0 .050
0.0217 0.100
0.0218 0 .200

(a) A fter reprecipitating, th is  gave 0.0214.

If more than  0.05 per cent soluble S i0 2 was present it 
was precip itated  b y  th e acid  phosphate solution before 
adding m olybdenum , hence no higher results from  larger 
am ounts of S i0 2 present. T h e sm aller am ounts m ake 
the p recip itate greenish yellow , flocculent, difficult to  
filter and v e ry  slowr to  dissolve in the K O H : results 
high. R eprecip itation  rem oves m ost of the ill effects 
of soluble SiO* and brings result n early  correct.
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16. Iron

Iron in  solution  as chloride, su lfate  and n itrate  causes 
low  results, som ew hat proportional to am ount present 
(see T ab les V I , V II , V I I I ) .  I t  a lw ays contam in ates 
th e yellow  p recip itate  so th a t in final titra tio n  the end 
p oint is obscured b y  presence of ferric h yd ra te . T h is 
is som ew hat preven ted  b y  presence of ta rtaric  acid, 
or citric  acid, in th e  m olyb d ate solution, th o u gh  enough 
ta rta ric  acid  to  p reven t separation  of iron causes 
so lu b ility  of yellow  p recip itate  and low  results. Iron 
in the p recip itate  is avoided  b y  double p recip itation  
as g iven  in E  iS .

L ow  results due to  iron m a y be largely  avoid ed  b y  
use of a large excess of m olybd ate  solution. In the 
solution  con tain in g 20.8 mg. P 20 s, presence of P e C l3 = 
8 per cen t of Fe g a v e  13.2 mg. P 20 5 when 30 cc. m olyb 
d ate solution  were used, b u t w’hen 100 cc. m olybdate 
were used, foun d 20.7 mg. P 20 6.

•
T a b l e  X I — E f f e c t  o f  I n c r e a s e d  M o  i n  P r e s e n c e  o k  M u c h  F e

M olybdate  used 
Cc.
30
30
75
30

100

Percentage 
F e as FeCU 

0 
4 
4 
8 
8

M g. PjOi 
found 
20.8
19.2
20.7
13.2
20.7

17 . Effect of Oxidizing Agents

B rom ine, below  2 per cent, no effect apparen t: large 
am ounts cause low  results.

C hrom ic acid  acts m uch th e sam e as H 2SO j, sm all 
am ounts cause high results, large am ounts, low  results; 
xo per cen t com pletely  preven ted  precipitation . A  
sm all am oun t of C r was retained in the p recip itate 
and ga v e  a greenish tin ge to final solution.

P otassium  perm anganate seem s to  cause som ew hat 
high results, b u t th is is uncertain  because of th e  in 
definite end point, esp ecially  w ith  the larger am ounts 
of KM nO<, on accoun t of th e  m anganic oxide contained 
in the p recip itate  w hich m asked the pink color in the 
final titra tio n .

R esu lts w ith  these substances are shown in T able 
X I I .

T a b l e  X I I
Percentage
substance

added

M g. PsOft found w ith

KMnO« CrO» Brom ine
0 .0 20.1 20.1 20.1
0.1 20.1 20 .4 20 .0
0 .5 20.3 20.5 20 .0
1.0 2 0 .4 20.1 20.1
2 .0 20.5 19.7 19.8

p recip itate  in th e flask. A d d  w ater and excess of 
N H iO H  to  dissolve th e p recip itate in th e flask, then 
H N O 3 till yellow  p recip itate  begins to  form , b u t keep 
a little  a lkalin e. N ow  add 10 cc. N H 4N O 3 solution 
and w ater to  m ake volum e 100 cc., place in w ater bath  
a t 65°, and when warm, add 10 cc. m olyb d ate solution 
w ith 5 cc. extra  H N 0 3 to re-form  th e  yellow  precipitate. 
A fter  stan din g 15 m inutes filter th rou gh  original 
filter and trea t as usual. T h e  resu lt is liab le to be a 
little  eith er high or low , b u t m uch b etter th a n  if not 
reprecip itated . T h e  sligh t am ount of p recip ita te  on 
th e filter is n ot reprecip itated . T h e la ck  of exactness 
seem s to be due to  th e d ifficu lty  in p rop erly  prop ortion 
ing H N O 3, N H 4N O 3, M o, and volum e, as discussed 
in E  p. T oo  little  N H 4N O 3 or M o, too m uch H 20  
or H N O 3 cause low  results; too m uch N H 4N O 3 or M o, 
too little  H N O 3 or H 20 , or too  high tem peratu re cause 
high results.

T a b l e  X I I I — E x a m p l e s  o f  R e p r e c i p i t a t i o n  
M g. P iO s  found

From  pure  NaîHPO* 
A m ount p resen t.....................

N o in jurious substance present.

1.5 gram s (NHOiSCU....................

H eated  1 hour a t  6 5 ° ....................
Solution boiled .................................

N o t repre A fter repre
cip itated cipitation

20.1

20.1 ( 19.9
( 20 .2

21 .4 J  20 .0  
( 20.3

20.5 20.1
23 .5 20.5

Percentages PaOs found

Solution of 
fertilizer No.

1 9 ............
2 0 ..........
2 3 ............
2 4 .........
2 6 .........

N ot
precip ita ted

33 .5
26.3
15.2
28 .7

7 .6

A fter
reprecipitation

3 3 .4
26.5 
15.4 
28 .8

7 .8

18. Reprecipitation

In  a n y  case where th e yellow  p recip itate is suspected 
of being im pure, as from  presence of M o 0 3, Fe, S i0 2, 
or SO4, it  m ay  be purified and a m ore n early  correct 
result obtained  b y  dissolving in N H j and reprecipitation  
p rovided  th a t the whole of th e P 2Os is contained in 
the first p recip itate . A fter  p recip itation  is com plete, 
and p recip itate  well settled , pour off th rough  th e filter 
as m uch as possible of the su p ern atan t liquid, retaining

ip . Organic Im purities

Som e are in jurious in sm all am ounts, while several 
per cen t of others is scarcely  noticeable. Proteid 
substances are usually  v e ry  b ad  in effect, b u t this 
m ay be m uch dim inished b y  boiling w ith  HNO3. 
P 2Oi in  th e  acid  soil ex tra ct, u su ally  prepared for soil 
analysis, m a y  well be determ ined w ith ou t m odification 
of th e solution  excep t w hen th e soil contains much 
organic m atter, when th e  la tter  m ust be decom posed 
b y  boiling w ith H N 0 3. T h e organic m atter in an 
acid  solution  of steam ed bone m eal does not interfere 
m uch in  th e determ in ation  of P 20 6, b u t th e solution from 
a ta n k a g e  contain ing 5 per cen t or m ore of N is not 
well suited  for the determ in ation. T h e organic m atter 
in urine reduces th e M o, b u t a fter b oilin g w ith  H N 0 3 
and H C 1 th is d ifficu lty  is rem oved  and P 20 s m ay be 
accu rate ly  determ ined in th e solution  w ith ou t further 
treatm en t. G lue or ge latin  form s an insoluble com 
pound w ith  the yellow  p recip itate , hence, is not ad
m issible in th e solution  in w hich P 20 5 is to be de
term ined b y  the P . K . m ethod. T h is fa c t  is the basis 
of a titra tio n  m ethod which has been w orked out by 
A. G rete (G  41, 42) in w hich th e boiling phosphate 
solution  is titra te d  b y  a m o lyb d ate  solution containing 
gelatin ; th e end point is th a t w here no further pre
cip itation  occurs.
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20. Precipitation by Shaking without Heating 

T em p eratu re used abou t 20° C ., reagents, etc., 
sam e as in regular determ ination  b y  heating, b u t 
tim e varied . Shaken  b y  W agn er m achine, sam e as 
used for determ in ation  of P2O5 in basic slag b y  W agner 
citric  acid  m ethod.

T abu-: X IV — M g. P 2O5 F o u n d  by  S h a k in g  M e th o d
Solution con ta in ed ..............................  20 .9
Found  a fte r shaking 15 rain   20 .4
Found a fte r shaking  30 m in   20 .4
Found  a fte r shaking 60 ra in   20 .4
F ound, n o t shaken, 15 m in .............  2 0 .3 )  M ixed and  let s tand  a t
F ound , n o t shaken, 60 ra in .............  20 .3  ) room  tem perature
F ound , shaken 30 m in u tes............... 20 .5  Volume 200 cc. instead of

100 cc. Some MoOs p re
cipitated

Found, shaken 30 m inu tes ............... 21 .3  Used 100 cc. M o instead
of 30

T im e shaken has little  effect; stan din g w ithout 
shaking gives sam e results as if shaken. Increased 
volum e, increased m olybd ate, or decreased H N O 3, 
cause separation  of M0O3, sam e as if heating m ethod 
were used.

21. Prevention of Separation of M o0 3 from  Molybdate 
Solution on Healing 

On accou n t of th e  d ifficu lty  caused b y separation of 
m olybd ic  acid  from  th e m olybd ate solution used in 
determ in ing P2O5, th e follow ing experim ents ^ere 
m ade w ith  th e hope of finding som e feasible means of 
overcom in g th is defect in the m ethod. So far nothing 
of th e sort has been found, and these results are given 
to show w h a t has been done, m ore for the guidance 
of a n y  one who wishes to continue th e investigation, 
th an  for th e assistance of one who uses this m ethod. 
A p p a re n tly  th e  on ly  w a y  to  a void  trouble from  M0O3 
p recip itated  w ith  am m onium  phosphom olybdate is 
to  avoid  th e conditions w hich cause it. These are 
discussed under headings a, b, c, etc.

a. Separation of M0O3 from  Solution by Healing with
HNO3

Solution  contained M0O3 a b ou t sam e as for ordinary 
determ ination, 1.65 gram s (N H 4)2Mo04 in 100 cc., 
and v a ry in g  NH4NO3 and HNO3, heated a t 65° C. 
In  absence of free HNO3, no separation  of M0O3 
was caused b y  NH4NO3 from  o to  15 per cent. W hen 
HNO3 w as added up to  1 per cent no M0O3 was sep
arated. Prom  2 to 10 per cen t cause rapid separation 
of M0O3 at 65°, m ost rapid w ith  abou t 3 per cent HNO3. 
A b o v e 10 per cent H N 03 causes so lu b ility  of M0O3, 
and 16 per cent preven ts separation  entirely. W ith 
HNO3, b u t NH4NO3 absent, separation  of M0O3 was 
v e ry  slight. W ith  15 per cen t NH4NO3, 7 per cent 
HNO3 and 3 per cen t (NH4)2S04 there was no cloud 
after 2 h o u rs’ heatin g. T h is indicates th a t high results 
due to SO4 are n ot because it  tends to precipitate 
M0O3 as had  been supposed. C opper sulfate acted 
in the sam e w a y. F e C l5, 2 per cent, delayed separation 
of M0O3 for 45 m inutes. M gCU , 10 per cent, and 
N H 4C1, 10 per cent, had v e ry  little  effect.

b. Effect of Am m onium  Oxalate 
T a b l e  X V

Tim e heated  Mg. P 2O5 found
15 min. w ithou t o x a la te .................................   20 .8  =» correct am ount
15 m in. w ith  0 .1  per cen t oxa la te ...............  20.7
30 min. w ith  0 .1  per cent oxa la te ...............  20 .9
60 m in. w ith  0 .1  per cent o x a la te ...............  21 .0

T h e oxalate has a solven t effect on yellow  precip itate, 
also on M o03, hence, results are lower in its presence 
and the high results u sually  obtained  after long heatin g 
are not so high in its presence. B u t as oxalic acid  is a 
solven t for both M0O3 and th e yellow  precip itate, 
the result is not reliable for it is due m erely to a low er
ing of th e am ount of M0O3 which would be separated  
b y  long heating. T h e effect of long heatin g is to  pre
c ip itate  M0O3. T h is is p a rtly  balanced b y  the solven t 
effect of the oxalate and correctness of result is pu rely  
accidental.

c. Effect of Organic Matter
T able X V I— 20.1 M g . PaOs P resent

Mg. PjOs Mg. PiO*
R eag en t found  R eag en t found

10 p er cen t a lco h ol  20 .6  5 p er c en t cane  su g a r  20 .0
10 drops a n ilin ....................  20.1 G lycerine, 4 per c e n t   19.6
2 per cen t an ilin .................  19.6 G lycerine, 8 p er c e n t   19.5
10 p er cen t cane s u g a r . . .  19.9 G lycerine, 16 per c e n t . . .  15.4

Anilin  causes reduction  of m olybdate solution, pro
duces a blue color and interferes seriously. Sugar 
hinders separation  of M0O3, also of yellow  precip itate; 
hence, low  results when m uch is used. G lycerin e acts 
like sugar.

d. M0O3 Precipitated by Heating Molybdate Reagent 

Sam e solutions used as for regular P2OS determ in a
tion. 30 cc. m olyb d ate  and 15 gram s NH4NO3 to 
100 cc. to ta l volu m e; heated a t 65°, various tim e, 
filtered and titra te d  as usual, the M0O3 being calcu lated  
as so m uch P2O5.

T a b l e  X V II
P jOs equivalent of 

T im e heated  precipitate
1 5  min. g ave ................................................  0 . 0 0 0 0
3 0  min. g ave ................................................  0 . 0 0 0 8
6 0  min. g ave ................................................  0 . 0 0 4 6

1 2 0  min. g ave ................................................  0 . 0 1 4 0

T h is indicates th a t heatin g 15 m inutes a t 65° will 
n ot cause m uch error due to precip itated  M0O3.

In  another set of experim ents solutions of sam e com 
position as ab ove stated , were heated, one set 15 m in
utes, another set 60 m inutes, filtered, washed and 
M0O3 determ ined b y  three m ethods, titra tio n  w ith  
K O H ; titra tio n  w ith  K M n 04, a fter reduction  b y  Zn; 
and b y  dryin g and w eighing. T h e am ount separated  
b y  15 m inutes’ h eatin g was so sm all th a t duplicates 
did not agree well, b u t for 60 m inutes’ h eatin g, results 
were fair.

T a b l e  X V III
Tim e heated

1 5  m in. 6 0  min.
M g. M oOj found by titra tio n  w ith K O H .. .  6 . 6  8 8 . 8
M g. MoOa found by  titra tio n  w ith KMnO*. 8 . 2  8 9 . 0
Mg. M oOj found by  weight of p re c ip ita te .. 4 . 2  9 3 - 7

A p p a ren tly  the p recip itate contains som ething else 
th an  M0O3 as indicated  b y  th e higher result b y  w eight 
after 60 m inutes’ heating. T h is m a y be (NH4)jM o04 
or H2M0O4, etc.

e. Solvents for M0O3 and Yellow Precipitate 

M0O3 obtained b y  heatin g regular m olybd ate re
agen t on steam  b ath  till m ost of th e m olybdic acid  
w as p recip itated: stren gth  of reagents 10 per cent, 
unless otherw ise stated. C old  H2SO4, citric  acid,
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H C 1, H C 1 and H 202, H C 1 and KM nO<, H C 1 and 
(NH4)2(S04)2 give  v e ry  slight effect. W arm ed H C 1 or 
HNO3 dissolved p recip itates readily . O xalic acid 
and am m onium  oxalate dissolve p recip itates readily. 
Na2S03 decom poses, and reduces m olybdenum . In 
general, both are acted  on abou t alike, b u t yellow  pre
cip itate  is som ew hat m ore soluble th an  M0O3.

/. Prevention of Separation of M0O3 on Healing Regular 
Molybdate Reagent Solution  

B orax, sodium  acetate, acetic acid, ta rtaric  acid, 
alcohol, ether, toluol, phenol, CCI4, no effect. H2O2, 
K M n 04, C r03, iodin, 4 per cen t glycerine, 10 per cent 
cane sugar, p reven t separation  of M0O3.

22. Effort to Improve E nd Point 

One w eakness of th e vo lu m etric  m ethod is the lack  
of sharpness of the end point in the final titra tio n . 
T h is is due to (a) phosphoric and m olybdic acids 
being po lyb asic, and to  their ten d en cy to  form  tw o 
or m ore salts w ith  th e sam e base at the sam e tim e; 
and (b) the solution contains N H 3 for which phenol- 
ph thalein  is n ot th e best indicator. T h e la tter  is not 
of enough im portance to  m erit m uch atten tion  as am 
m onia m a y fa irly  well be titra te d  w ith th is indicator 
p rovided  it  is d ilute and cool as shown b y  Thom son 
( G 15). H ow ever, am m onia m ay be rem oved b y  boiling 
w ith  excess of the stan dard  fixed alkali, before titra tin g  
b ack  w ith  stan dard  acid. T h is is the basis of N eu 
m ann ’s variation  of the m ethod (G  14).

b. T h e d ifficu lty  w ith  p o lyb asic  phosphoric acid is 
avoid ed  b y  rem ovin g it  b y  m eans of neutral BaCU, 
th u s leavin g H C 1 in th e solution for final titra tio n . 
I t  was hoped th a t a sim ilar plan could be follow ed w ith 
m olybd ic  acid, b u t this did n ot succeed, although 
m olyb d ic  acid is precip itated  b y  BaCl2. A fter addition  
of B aCU , the end point w as no sharper, in fa ct, was 
obscured b y  th e large am ount of w hite p recip itate 
form ed in th e solution. L ead  n itrate p recip itates 
b oth  phosphoric and m olybdic acids. T h is w as fo l
low ed b y  excess of sodium  su lfate  to rem ove Pb. 
A fter  th is the end point w as still less d istin ct, in pres
ence of th e large am ount of w hite precipitates. F u rth er 
efforts included, a t various tim es, addition  of sugar, 
g lycerine, alcohol, ether, none of w hich w as of an y 
assistance. A m ong other indicators tried, rosolic 
acid  w as the on ly  one a t all su itab le and it  is n ot as 
good as phenolphthalein.

23. Determination of Phosphoric A cid  Equivalent of 
the Standard A lka li Used in  the Volu

metric Method 

One essential to the success of the vo lu m etric  m ethod 
is th a t th e stren gth  of the stan dard alkali be accu rate ly  
know n  in term s of P2O5. In th eo ry  th is m ay be satis
fa cto rily  done b y  calcu lation  from  th e equation  (N H 4)3- 
P  O4 ( M0O3) 12 +  23 K O H  = (N H 4)2H P04 +  11K2M0O4 
+  11H2O +  NH4KM 0O4. B u t as th is equation  and 
th e ex a ct com position of the yellow  p recip itate  are 
m atters of th e o ry  upon w hich all authorities do not 
agree, it  seems b est to  depend on settin g a stan dard  b y  
analysis of a com pound of know n P2O5 conten t. M a n y  
such h ave been proposed, and none of them  are rea lly  
satisfa cto ry . T h e  w ater-soluble crysta llin e phosphates

contain  w ater of crysta lliza tio n , the am oun t of which 
is u su ally  uncertain; hence their u n reliab ility . M o st 
of th e insoluble phosphates are v e ry  difficult to  prepare 
in a pure state , as th e y  can not be purified b y  recry sta l
lization , and m any of them  are p a rtly  h yd ro lyzed  b y  
w ashing w ith w ater, so th a t  their exa ct com position  
is n ot certain . M y  efforts to  prepare BaH P04, 
C aH P 0 4, P b H P O j, B iP04, etc., .d id  n ot succeed in 
m akin g salts of con stan t com position. S ilver phos
ph ate w as used as basis of atom ic w eigh t determ in a
tion s b y  B axte r  and Jones (G  32) and w as prepared 
b y  them  of p erfectly  definite com position. Dumas, 
used it  as a basis for stan dardizin g th e gravim etric  
m ethod of P2O5 determ ination  (G  31). In  m y ex
perience th e chief trouble w ith  it  is to  prepare it  in a 
pure state . T h is  requires conditions w hich the ordi
n ary  lab o rato ry  does not possess, e. g., a  d ark  room  and 
an abun dan ce of sufficien tly  pure w ater. I t  is d ifficu lt 
to  d ry  w ith ou t reduction  of the silver, b u t th is does, 
not seem  to  m ake m uch difference in the ratio  of A g  
to PO4. I  m ade several preparations of A g 3P04. 
One w as an alyzed  w ith  th e fo llow ing results: A g  
w eighed as A g C l, P  w eighed as M g 2P207.

Theory for 
Found Ag3POi

AgsO........................................  83.04 83.06 83.03
PaOfi.......................................... 16.96 17.01 16.97

T h is sam ple w as used to set the stren gth  of th e  
stan dard  alkali, N aO H .

Besides this, m any com parisons of results b y  both 
gravim etric  and vo lu m etric  m ethods on fertilizers, 
etc., h a ve  been m ade, and a ccu racy  of the vo lu m etric 
m ethod th us established. F or th e purpose of this, 
s tu d y  a solution  of 3 gram s sodium  ph osphate in one- 
liter of w ater w as used. T h e ph osphate w as n ot 
recrysta llized  and had lost some of its  w ater of c ry sta l
lization, so th a t th e P2O5 in it  w as n ot a lw ays th e same 
in  th e  num erous solutions th a t were used during the 
m ore than  tw o years of in vestigation . In  one of 
these solutions w as found:

M g. PiOs
By gravimetric method using 50 cc........................ 40.7
By gravimetric method using 50 cc........................  40.7
By volumetric method using 25 cc.......................  20.3 ) _  ^  ^
By volumetric method using 25 cc.......................  20.4 j

A ssum in g the form ula  of the yellow  p recip itate  to- 
be (N H 4)3P04(M o03)i2 it  w ould contain  3.78 per cent 
P2O6. T h e  p recip itate  is easily  dried and weighed,, 
and using th is fa cto r P2O5 is foun d th u s gravim etrically . 
M a n y  h ave  used th is m ethod successfu lly. M y  work 
w ith  it  has been little , b u t in dicates th a t  it  is a b o u t 
as reliable as th e vo lu m etric  m ethod and in general 
su b ject to  th e sam e sources of error, the chief of which 
is due to  contam in ation  w ith  m olybdic acid. A  few  
results are given.

T a b l e  X IX
P1O5 found by multiplying weight of yellow precipitate by 0.0378.

Mg. P2O5 in solution used, 21.1
Time heated in
precipitating Mg. yellow Mg.

at 65° C. precipitate PiO&
15 min. 565.5X 0.0378 =21.4

566.5 =21.4
60 min. 585.4 =22.1

587.9 =22.2
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T h e last illustrates th e effect of long heating to 
precip itate  M0O3.

24. Methods of M aking Solutions of Phosphates

T h e follow ing m ethods of m aking the solution are 
used:

a. D issolve in w ater.
b. D issolve in H C 1, H N 0 3 or both.
c. I f  organic m atter is present it m ay be rem oved 

b y  ign ition  either alone or w ith  M gO  or M gN 03 or 
both, th en  dissolved in acid; or b y  w et com bustion as 
in the K je ld ah l m ethod for nitrogen; or som etim es b y  
boiling w ith  HNO3.

Ignition with M agnesia.— T h is m ethod is applicable 
to a lm ost a n y  organic m aterial and th e solution thus 
prepared is su itab le for an alysis b y  either the g ra vi
m etric or vo lu m etric  m ethods. It  is th e m ethod m ostly 
used in th is lab o rato ry . In  a p latin um  or porcelain 
dish of 20-30 cc. ca p a city , place a layer of M gO ,
2-3 mm. th ick . On this place the sam ple, 2 gram s 
m ixed w ith  an equal b ulk  of M gO . C over the whole 
w ith  a little  M gO . If th e substance is a liquid it m ay 
be m ixed w ith  M gO , and dried before ignition. Place 
in  th e m uffle furnace, w hich should be cold. T he 
muffle w ill h ea t so gra d u ally  th a t  there is no danger 
of loss of the substance. I t  should finally  be heated 
to b rig h t red. If  n ecessary to  use a flam e for the ig
n ition, sta rt w ith  a v e ry  sm all flam e and in course of 
15-30 m inutes increase to  b righ t red. A fter cooling, 
w ash conten ts of the dish into a flask (200, 250, or 
500 cc. ca p acity ) w ith  w ater, add 20-30 cc. H C 1 and 
heat to  boiling a few  m inutes. B e sure th a t there is 
an excess of acid  present. W hen all is dissolved that 
is soluble, rem ove flask from  th e heat and at once add 
solution  of B a C l2 sufficient to throw  dow n all soluble 
sulfates. Cool, fill to  m ark, m ix. T h e solution m ay 
be filtered, or th e flask allow ed to stand a few  hours, 
when th e clear solution  m ay be p ip etted  out, w ithout 
filtering, for th e analysis.

I h ave used th is m ethod for five years and found it 
v e ry  sa tisfa cto ry . A  sim ilar plan was recen tly  pro
posed (G  38). A lth o u gh  I h ave not experim ented 
m uch on th is point, m y w ork indicates th a t some 
phosphorus m ay be lost from  vo la tile  organic substances 
contain ing it  when ign ited  w ith  m agnesia. Presence 
of M g (N 0 3)2 guards again st th is loss. A b o u t 5 cc. 
of the official solution is m ixed w ith  the sam ple in a 
platinum  dish, then  som e M gO  added, the whole dried, 
then ign ited  as above. T h e M gO  preven ts loss of 
sub stance b y  deflagration  w hich occurs when organic 
m atter is ign ited  w ith  M g (N 03)2 in absence of added 
M gO . A v o id  excess of M g as it tends to  cause low 
results (see T a b le  V I).

25. Use of E C l  or E«SOi, etc., instead of H N O } for  
A cidifying Am m onium  Molybdate Solution

T o 30 cc. n eutral am m onium  m olybdate, of same 
stren gth  as used for regular P2O5 determ ination, 
added xo gram s N H 4C 1, 2 cc. H C 1 and w ater to  m ake 
total volum e 100 cc. A fter  a few  m inutes a flocculent 
precipitate form ed and dissolved on heatin g at 65° C .; 
a fte r  10 m inutes p recip itate form ed again  and w ould 
n o t d issolve b y  boiling. D issolved in excess of N H 3

acidified w ith H C 1 it  form ed a clear solution w hich gra d 
u a lly  becam e cloudy on stan din g a t 65°, b y  separation  
of M0O3 m uch th e sam e as if the usual m olybdate 
solution made up w ith  n itrates instead of chlorides, 
were used. W hen the experim ent was repeated, but 
using 4 cc. H C 1 instead of 2 cc. as a t first, the pre
cip itate did not form  so soon, b u t otherw ise acted  abou t 
the sam e. H ence, it  is inferred th a t H C 1 and its 
salts do not serve well instead of H N 0 3 and its salts 
to m ake th e m olybdate solution for determ ination  of 
P2O5, although M0O3 does not separate as q u ick ly  
from  this solution as from  th e n itrate solution.

W hen th is chloride solution of M0O3 was used to 
determ ine P2O5 th e usual yellow  precip itate was form ed, 
bu t n ot so well as if th e n itrate solution were used. 
S u b stitu tin g  H2SO4 and (NH«)jS04 in the m olybdate 
solution instead of n itrate ga v e  sim ilar effects, b u t 
b etter than  w ith chlorides. W hen acetic acid was 
used there wras no p recip itate form ed, hence, it is 
unable to  ta k e  th e place of n itric  acid. A  certain  
am ount of free acid is n ecessary to  cause form ation  of 
the yellow  precip itate. In  these experim ents it  was 
observed th a t a larger volum e of H N 03 than H2SO4 
is needed, and more H C 1 th an  H N O j, which is to  be 
expected, considering th e relative  am ount of acid  in 
a given  volum e of each.

T a b l e  X X — M e .  P 2O* F o u n d  b y  U s e  o f  H C 1 , H 2S O 4, C s H a O O H  i n s t e a d  
o e  H N O j i n  M o l y b d a t e  S o l u t i o n

Cc. acid HC1 H2SO4 Acetic acid
 1...................  13.5 22.1 No precipitate
 2  6 .0  21.8
4..................... 21.7 21.6
P 2O 5 present. 21.0 21.0 . . . .

26. Composition of the Yellow Precipitate 

M a n y  in vestigators h ave an a lyzed  am m onium  phos- 
p h om olybdate, and w ith  som ew hat various results, 
though it  is ord in arily  accep ted  th a t  its form ula is 
(NH4)3P04(Mo03)i2. M y  w ork indicates th a t the 
m ost probable cause of variab le  results is th e con tam 
ination  of th e yellow  precip itate w ith M0O3 or other 
com pounds of m olybdenum , m ost freq u en tly  caused 
b y  too  high tem perature of too long heatin g a t m od- ■ 
erate tem perature. W hen the precip itate, form ed in a 
not too  concen trated  solution at high tem perature, is 

■ exam ined b y  th e m icroscope it  is found to contain  
tw o v e ry  d istin ct kinds of crystals, the yellow  rhom bo- 
hedrons of am m onium  ph osphom olybdate often  united 
into beautifu l stars, and long, slender, colorless needles 
of m olybdic acid. A  num ber of different preparations 
of th e yellow  p recip itate m ade under conditions know n 
to fa vo r separation  of M0O3 were foun d b y  th e m icro
scope to  contain crysta ls  of M0O3 while if these con
ditions were avoided th e M0O3 could n ot be seen. 
A ll m y efforts to  separate th e tw o com pounds after 
th e y  are form ed togeth er were unsuccessful, as in d i
cated  in 21. M y  th eo ry  is th a t the yellow  precip itate 
is as definite in com position as B a S 0 4  or A g C l, even 
though form ed under v e ry  different conditions of 
precipitation. T h is w as stated  b y  H undeshagen in 
1888.1 T h e follow ing experim ents are g iven  to  su p 
port this th eory. T h e fa ct th a t avoidance of conditions 
know n to cause separation  of M0O3 in actu al a n alytica l

* Z. anal. Chtm., 28, 141.
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w ork leads to correct results, w hile the opposite is n early  
sure to cause in correct results, is also in su p port of 
th is th eory.

A  q u a n tity  of yellow  p recip itate  w as m ade, well 
w ashed and dried a t 120° C . P ortions of th is were 
d issolved and rep recip itated  under various conditions 
as given  below , filtered, w ashed and dried as before. 
From  these, and also from  th e original, portions of 
0.5 gram  were w eighed out and titra te d  w ith  K O H  as 
if for a regular determ in ation. U n ifo rm ity  of th e 
results, as shown b y  con stan t a cid ity , indicates th a t 
th e p recip itate  is of definite and constan t com position 
even th o u gh  form ed under quite varied  conditions.

T able  X X I
K O H  used

C onditions of reprecip ita tion  Cc.
15 min. a t  6 5 ° .................................................................... 18.6
60 min. a t  6 5 ° .................................................................... 18.6
15 min. a t  65° and  3 per cent (NH<)aSO<....................  18.5
15 min. a t  65° and  10 per cent M g C b ......................... 18.5
15 min. a t  65° and  1 per cen t FeC U .......................... 18.5
B oiled......................................................................................  18.7
Original p re p a ra tio n ..........................................................  18.6
Original p re p a ra tio n ..........................................................  18.6

T h e rep recip itation  was effected  b y  HNO3, no more 
M0O3 being added, hence th e M0O3 u su ally  separated  
b y  adverse conditions, from  the usual excess present, 
did n ot appear, b u t in each case p recip itation  w as 
incom plete as show n b y  form ation  of m ore yellow  
p recip itate  on addition  of m o lyb d a te  solution to  th e 
filtrate. (T his illustrates th e need of an excess of 
M o in order to  secure com plete separation  of P2O5.)

r .  SU M M A RY

W orkin g details of the P em b erton -K ilgo re m ethod 
for determ in ation  of phosphoric acid are given.

G reat ra p id ity  and fa ir a ccu racy  of th e m ethod are 
shown.

A  sa tisfa cto ry  m ethod of preparing asbestos for 
filtration  is given . In  th e detailed  s tu d y  of conditions 
affectin g th e m ethod it  is shown th a t:

H igh tem p eratu re causes high results; too low  
tem perature causes low  results: b u t in  both  cases
th is is m uch m odified b y  tim e. Belowr ab ou t 40 0 C ., 
tem peratu re has n ot m uch effect, regardless of tim e: 
higher tem perature than  th is is desirable in order to  
secure a desirable q u a lity  of p recip itate. T h e longer 
th e p recip itate  is heated  and th e  higher th e te m p era 
ture th e higher th e result: 15 m inutes a t 65° gives
best results (E 1 and 2).

In  too concen trated  solution p recip itate  is finely 
d iv id ed  and difficult to filter. In  too  d ilute solution 
sep aration  is incom plete in  reasonable tim e. A  su it
a b le  concen tration  is 20 mg. P2O5 in 100 cc. (E  3).

T o o  little  m olybd ate solution  gives low  results; too 
m u ch  ten ds to  high results, due to  its  ten d en cy  to 
sep arate  M0O3 on heatin g (E  4).

N itric  acid  is necessary to th e reaction  b u t too  m uch 
causes so lu b ility  of p recip itate  (E  5).

T h is  is coun teracted  b y  am m onium  n itrate  which 
te n d s  to  p recip itate  M0O3 (E  d). H ence, H N 03 
a n d  NH4NO3 should be prop erly  proportioned as shown 
in E  g. V olum e, P2O5, and m olyb d ate solution  m ust 
a lso  be considered here.

C hlorides, in  general, cause so lu b ility  of yellow  pre

cip ita te  and low  results, p a rtia lly  avoid ed  b y  use of 
N H 4N O 3 (E  10).

N itra te s in general cause high results, b y  causing 
sep aration  of M0O3 (E  11 ) .

Su lfates cause high results (E  12), rem edied b y  
reprecip itation  (E  18).

Soluble silica in sm all am ount is n egligib le; in larger 
am ount, causes high results (E 15 ), avoid ed  b y  re- 
precip itation  (E  18).

Iron tends to  cause low' results, rem edied b y  larger 
excess of m o lyb d a te  solution (E  16).

O xidizin g agents as such h a ve  no specific effect 
(E  i 7 ).

W hen th e yellow  p recip itate  is con tam in ated  from  
a n y  cause, it  m ay  be purified and m ade n early  correct 
b y  reprecip itation  (E  18).

O rganic m a tter tends to  cause low  results and diffi
c u lty  in m anipulation  (E  ig ) ,  hence, should be rem oved 
b y  burning (E  24c).

Shakin g in cold in stead  of h eatin g to  form  yellow  
p recip itate  tends to low  results, is of no a d va n ta ge  to  
avoid  separation  of M0O3, and is n ot so convenient 
as th e m ethod using heat (E  20).

T here is no su itab le m ethod to  avoid  high results 
caused b y  M0O3 sep arated  w ith  th e  yellow  precip itate 
excep t reprecip itation . I t  is m uch b etter to  a void  its 
separation  in  first place (E 2 1).

E ffo rt to  im prove end point of titra tio n  failed 
(E  22).

A g 3P04 is a su itab le sub stance for settin g  th e  strength 
of the vo lu m etric  solution  used (E  23).

A  sim ple and conven ien t m ethod of rem ovin g or
gan ic m atter b y  ign ition  w ith  M gO  is explained 
(E 24).

T h e idea th a t som e other th a n  th e  n itra te  solution of 
M0O3 m ay be used for p recip itatin g  P2O5 is found 
erroneous. I t  w as th o u g h t th a t separation  of M0O3 
w ould be less in som e other th an  th e n itra te  solution 
(E  25).

V ariab le  com position  of th e yellow  p recip itate  as 
in dicated  in  the literatu re is p ro b ab ly  due to  M0O3 
sep arated  w ith  it  b u t n ot in a n y  proper sense a part 
of th e yellow  p recip itate  (E  26).
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T h is in vestigation  w as undertaken  to  ascertain  
w hether or not the sedim ents from  the tw o rivers 
showed a n y  m arked chem ical and m ineralogical differ
ences, w ith  a view  to  using the results in the s tu d y  of 
soil erosion. Sam ples of w ater were collected  b y  the 
W eather B u reau  in . five-gallon lots, a t various tim es 
during an in terval of tw o  years. T he sedim ents w'ere 
allow ed to settle, the w ater siphoned off and the resi
dues dried. In m ost cases th e am ount of sedim ent 
was so sm all th a t a chem ical a n a ly s is ,-was im possible. 
M in eralogical exam inations, how ever, were m ade of 
each sam ple. T h e particles, generally, were of ex 
trem ely  sm all size; and were v e ry  m uch w eathered 
and coated  w ith  iron oxides, hydroxides, organic 
m atter, and possibly  other m aterial. C on seq uen tly, the 
ch aracter of the larger percen tage of the grains was 
w holly  indeterm inable. T h e m ineralogical analyses 
represent sim ply th a t p a rt of the m aterial w hich was in 
large enough particles and fresh enough for determ ina
tion. T his determ inable m atter p rob ab ly  never 
am ounted to  m ore th a n  ten per cent of the to ta l 
sam ple. I t  is not to  be concluded th a t th e m inerals 
cited  in th e follow ing tables were the on ly  ones present. 
T h e y  are th e more prom inent ones w hich could be 
p o sitive ly  identified, and it  is quite probable th a t other 
m ineral species wrere present w'hich defied iden tification .

T h e lith ology  of th e tw o  river basins seem s to be 
v e ry  sim ilar as w ill be seen from  the fo llow ing r^sumd:

T h e P otom ac R iv er above C um berland com es into 
con tact w ith  sandstones, shales, lim estones, etc. 
From  C um berland to  H arper’s F e rry  it  flows over 
or in close p ro x im ity  to  sandstones, shales, lim estone, 
and un consolidated sands an d  c la y s .2

T h e Shenandoah R iv er  above R iv erto n  flows over 
lim estone-shale and sandstone-shale form ations. The 
h eadw aters rise in a sandstone-shale-lim estone form a
tion, and flow over a narrow  ban d of sandstone-shale. 
B elow  R iv erto n  it  flows over lim estone and shale, 
and touches a sandstone-shale-quartzite form ation .3

D e t a i l e d  M i n e r a l o g i c a l  A n a l y s e s  (W . H. F r y , A n a l y s t ) 
S e d i m e n t s  f r o m  C u m b e r l a n d , M d . ( P o t o m a c  R i v e r )

No. 1. H ornblende, b io tite , quartz , feldspar [labradorite(?)]f ortho- 
clase. T he doubtfu l lab radorite  showed tw in stru c tu re  and the  determ ina
tion was m ade by the  extinction of the  tw ins in conjunction w ith  the  re 
fractive index. However, the  particle was very sm all; b u t i t  is certain ly  
one of the  plagiodase group. T here  were presen t very  sm all fragm ents 
of w hat appear to  be silicious tests of spicules of some form of microscopic 
anim al or p lan t life.

No. 2. Q uartz, biotite, anim al or vegetal spicules, plagioelase, a  doubly 
refracting  grain w ith  a  high index of refraction which m ay be zircon (the 
small size of the  p a rtid e  prohibited its  determ ination), hornblende(?), 
small am ount of m agnetic particles.

No. 3. One ra th e r large grain of w hat appears to  be a  glass. I t  is 
isotropic with an index or refraction very near 1.54. I t  is probable th a t  
this is a  fragm ent broken from a  glass vessel. M agnetic particles, quartz , 
hornblende.

No. 4. M agnetic particles, muscovite, quartz , isotropic particles with 
index of refraction near 1.54, plagioelase.

No. 5. Largely organic m atte r. T he  organic m aterial m asks the  m in
eral constituents so as to  make them  indeterm inable.

1 Scientists in Soil L aboratory  Investigations, B ureau of Soils, U. S. 
D epartm ent of Agriculture.

2 M aryland Geological Survey, 3, PI. 6 (1899).
3 T . L. W atson, “ A Geological M ap  of V irginia,”  Va. Geol. Survey.
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No. 6. Q uartz, sonic indeterm inable ferrom agnesian m ineral, horn
blende, anim al o r vegetable tests.

No. 7. M uscovite, b io tite , quartz , anim al or vegetable tests, horn
blende.

N o. 21. M agnetic particles, quartz , m uscovite, plagioclase, anim al 
or vegetable tests, b io tite , microcline.

No. 29. M agnetic particles, quartz , muscovite, hornblende, b io tite , 
anim al or vegetable tests, orthoclase.

No. 34. Q uartz, hornblende, b io tite . All of the  particles in this sam ple 
are of very sm all dimensions.

No. 36. S light am oun t of m agnetic particles, quartz , orthoclase, horn
blende, m ica(?).

No. 39. M agnetic particles, quartz , m uscovite, b io tite , hornblende, 
anim al or vegetable tests.

N o. 41. M agnetic particles, quartz , hornblende, m uscovite, o rtho 
clase, b io tite . V ery much vegetable m a tte r present.

No. 43. S light am ount of m agnetic particles, quartz , bio tite , horn
blende.

S e d i m e n t s  f r o m  R i v e r t o n , V a . (S h e n a n d o a h  R i v e r )
No. 14. Q uartz , garnet, m uscovite, bio tite , orthoclase.
No. 15. M agnetic particles, quartz , b io tite , orthoclase.
No. 16. Q uartz, m uscovite, an im al or vegetable tests, biotite.
No. 20. Q uartz, m uscovite, b io tite , plagioclase (?), garnet, hornblende.
No. 27. Q uartz, plagioclase. T h is  m ateria l is extrem ely fine and  is 

very  m uch coagulated.
No. 31. S light am oun t of m agnetic particles, quartz , bio tite , orthoclase, 

hornblende.
No. 32. Iso tropic  particles w ith  index of refraction abou t 1.54, probably 

glass, quartz , orthoclase, bio tite , hornblende.
No. 37. Q uartz, calcite. T h is m ateria l is extrem ely fine.
No. 38. Q uartz, hornblende, m ica(?). M aterial is very  fine.

S e d i m e n t s  f r o m  H a r p e r ' s  F e r r y  ( P o t o m a c  R i v e r )
No. 8. Q uartz, b io tite , m uscovite, lab radoritc , orthoclase, few vege

table or an im al tests, chlorite(?).
No. 9. Q uartz, hornblende, bio tite , plagioclase, m uscovite.

* No. 10. Q uartz , m uscovite, particles deeply coated and  im pregnated  
w ith some coloring m atte r, probably  iron oxides.

No. 11. M agnetic particles, quartz , hornblende, m uscovite, anim al 
o r vegetable spicules, b io tite , plagioclase.

No. 12. M agnetic particles, quartz , zircon, hornblende, calcite p len ti
ful, tourm aline, b io tite , orthoclase, muscovite.

No. 13. M agnetic particles, quartz , very  much a ltered  b io tite , plagio
clase, hornblende, muscovite.

No. 18. M agnetic particles, quartz , muscovite, garnet, bio tite , o rth o 
clase.

N o. 19. M agnetic particles, quartz , bio tite , garnet, hornblende,
plagioclase, orthoclase.

No. 22. M agnetic particles, quartz , biotite, m uscovite, microcline, 
plagioclase, orthoclase, hornblende. A fair am ount of th is m ateria l con
sists of grains of abou t the  dimension of very fine sands, thus differing from 
the  usual silty  or clayey charac ter of th e  sedim ents. T hese large grains 
a re  m ainly quartz .

N o. 23. V ery sm all am oun t of m agnetic particles, quartz , bio tite . 
sm all am oun t of an im al o r vegetable tests, labradorite , some ferrom agnesian 
m ineral, m uscovite, orthoclase. Practically  all the  particles are very small.

N o. 24. Q uartz, anim al or vegetable tests', microcline, labradorite , 
bio tite , muscovite, orthoclase, hornblende, calcite.

No. 25. Sm all am oun t of m agnetic particles, q uartz , plagioclase, 
bio tite , muscovite, hornblende, orthoclase.

No. 26. M agnetic particles, quartz , muscovite, tourm aline, orthoclase, 
plagioclase, b io tite , hornblende.

N o. 28. Q uartz , bio tite , anim al or vegetable tests, ru tile , garnet, 
m uscovite, hornblende.

No. 30. V ery slight am oun t of m agnetic particles, quartz , b io tite , 
orthoclase, plagioclase, rutile, microcline, muscovite, shell fragm ents which 
effervesce w ith hydrochloric acid.

N o. 33. V ery slight am oun t of m agnetic particles, quartz , m uscovite, 
hornblende, biotite.

N o. 35. Very slight am oun t of m agnetic particles, quartz , hornblende, 
b io tite , orthoclase, plagioclase(?), m uscovite.

N o. 40. Q uartz, orthoclase, b io tite , hornblende, m uscovite, plagioclase.
N o. 42. M agnetic particles, quartz , microcline, bio tite , m uscovite, 

calcite, plagioclase.
N o. 44. M agnetic particles, quartz , labradorite, b io tite , muscovite, 

orthoclase.
No. 45. Sm all am ount of m agnetic particles, quartz , muscovite, 

bio tite , hornblende.
No. 46. Sm all am oun t of m agnetic particles, quartz , hornblende, 

some m ineral which appears to  be an  am phibole o ther th an  hornblende, 
m uscovite, biotite.

No. 47. M agnetic particles, q uartz , hornblende, m uscovite, plagioclase, 
biotite.

N o. 48. Q uartz, m uscovite, b io tite(?), calcite(?).
N o. 49. Q uartz, hornblende. Particles extrem ely fine.

T a b l e  I — S u m m a r y  o f  t h e  M i n e r a l s  
t h e  D i f f e r e n t

F o u n d  i n  t h e  S e d i m e n t s  f r o m  
S t a t i o n s

C u m b e r l a n d R iv e r t o n H a r p e r ’s  F e r r y
H o r n b l e n d e H o r n b le n d e H o r n b l e n d e
B i o t i t e B i o t i t e B i o t i t e
Q u a r t z Q u a r t z Q u a r t z
O r t h o c l a s e O r t h o c l a s e O r t h o c l a s e
P la g io c l a s e P la g io c la s e P la g io c la s e
M a g n e t i t e M a g n e t i t e M a g n e t i t e
M u s c o v i t e M u s c o v i t e M u s c o v i t e
L a b r a d o r i t c  (? ) L a b r a d o r i t e
Z i r c o n ( P ) Z i r c o n
M ic r o c l i n e M ic r o c l i n e
F e m ic  m in e r a l ( ? ) F e m i c  m in e r a l ( ? )

G a r n e t G a r n e t
C a l c i t e C a l c i t e

T o u r m a l i n e
R u t i l e
C l i lo r i te ( ? )

As can be seen from  T ab le  I, the sedim ents from
R iv erto n  'do n ot show the presence of microcline,
the doub tfu l fem ic m ineral, labradorite, and* zircon,
w hich are present in  th e sedim ents from  C um berland, 
while th e R iv erto n  sedim ents con tain  garn et and cat- 
cite in addition  to  the m inerals foun d in the C u m ber
lan d  sedim ents. T h e sedim ents from  H arper’s F erry, 
where th e tw o  rivers join, contain  all of th e  m inerals 
foun d in the sedim ents from  th e other tw o  stations, 
and tourm aline, rutile, and dou b tfu l chlorite in  addi
tion. H ow ever, it  should be rem em bered th a t  only 
a re la tiv e ly  sm all proportion  of th e m inerals were 
determ in able and th a t th e  com position  of th e inde
term inable m aterial, were it  know n, m ight or m ight 
not considerably m odify this table.

T a b l e  I I — C h e m i c a l  A n a l y s e s  o f  S e d i m e n t s  f r o m  C u m b e r l a n d  
C . F. M il l e r ,  A n a l y s t

No. SÍO2 AI2O3 +  FC2O3 CaO M gO P2O5 N a20 K 2 O

1 52.03 27.78 0 .65 1.70 0 .30 1.92 3 .28
6 48.97 24.88 1.15 1.16 0 .4 0 1.41 2 .36

34 55.23 25.50 1.07 1.37 0 .24 0 .67 2.91

T a b l e  I I I — C h e m i c a l  A n a l y s e s  o f  S e d i m e n t s  f r o m  R iv e r t o n  
R .  F . G ardiner, A nalyst

No. SÍO 2 AI2O3 -f- F e^ O j CaO MgO P2O5 N a20 K 2 O

14 63 .00 22 .56 0 .48 0 .90 0 .52 0 .72 1.36
27 67.07 21 .06 0 .46 1.12 0 .3 4 0 .9 0 2.42
38 50.51 27 .34 0.63 1.27 0 .63

T a b l e  IV — C h e m i c a l  A n a l y s e s  o f  S e d i m e n t s  f r o m  H a r p e r ' s  F e r r y
A verage of D uplicate  Analyses by  R . F . G ardiner and  C. F . M iller
No. SÍO2 AI2O3 +  Fe20 3 CaO MgO P 2OJ N ajO K 2O
12 58.91 22 .70 1.33 0 .9 4 0 .43 0 .7 6 1.93
22 67.05 18.05 0 .5 0 0.91 0 .4 6
23 63.33 20.95 0.71 1.00 0 .30 1.70 2.18
28 64.73 20.54 0 .86 1.07 0 .28 0 .78 2.26
35 62.53 21.08 1.12 1.23 0 .29 0.48 2.05
48 53.73 25.00 1.07 1.44 0.31 0 .9 0 2.16

T h e soda and potash determ in ations were m ade by 
th e  J. Lawrrence Sm ith  m ethod,, th e  others b y  fusion 
w ith  sodium  carbonate. Sam ples 22 from  H arper’s 
F e rry  and 38 from  R iv erto n  were so sm all th a t  only 
a p artia l an alysis could  be reliab ly  m ade.

T h e analyses do not. show a n y  definite relation  be
tw een  chem ical com position  and th e am ount of sedi
m ent carried in th e stream s when the sam ples of water 
were ta k en . T h is w as to  be expected, since unequal 
rain fall over the v a ry in g  geological form ations of these 
large riv er basins w ould carry  into  the stream s m aterial 
of v a ry in g  com position.

T h e results are in harm on y w ith  the w'ell-known
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fa ct th a t  th e finer particles of soils such as w ould be 
carried b y  stream  w aters are high in potash, phos
phoric acid, lim e, organic m atter, etc.

B u r e a u  o p  S o i l s  
U . S . D e p t . A g r i c ., W a s h i n g t o n

E ST IM A T IO N  OF TH E  LIM E REQ U IREM EN T OF SO IL S1
B y  J .  A . B i z z e l l  a n d  X . L .  L y o n

Several m ethods h ave been proposed for the esti
m ation of soil a cid ity , b u t none is en tirely  satisfactory. 
T h e d ifficu lty  is th a t  th e true nature of th e acid ity  
is n ot understood. T h e  problem  is further com pli
cated  b y  th e fa c t th a t lim e m ay be beneficial to a 
soil in other w a ys than  b y  sim ply correcting an acid 
condition. T h e n earest approach to  a q u an titative  
determ in ation  of th e lim e requirem ent of a soil, there
fore, w ould seem  to  be an estim ation  of the to ta l 
ab so rp tive  pow er of th a t soil for lim e. T his is the 
principle upon w hich th e w ell-know n m ethod proposed 
b y  V eitch 2 is based. T h e m ost serious objection  to 
th is m ethod from  the a n a ly st’s stan dpoint is the 
large num ber of determ in ations which m ust frequently  
be m ade before th e a lkalin e poin t is reached. T h e 
w riters h ave also freq u e n tly  found it difficult and som e
tim es alm ost im possible to  determ ine th e saturation  
point. T h is is true p a rticu la rly  of soils containing 
a large q u a n tity  of organic m atter y ield in g highly 
colored extracts , and of those contain ing a large per
cen tage of c la y . M a n y  c la y  soils will n ot settle suffi
cien tly , even  after v e ry  long stan din g, and the clay  p arti
cles in  such cases are so fine as to  d efy  filtration by 
th e ordin ary  m ethods.

W ith  a v ie w  to  overcom in g these difficulties the 
w riters h a ve  exam ined a m ethod described b y  R . 
A lb ert3 and propose certain  m odifications which seem 
to  render it  su itab le for estim atin g th e lim e requirem ent 
of soils.

In  brief, the m ethod as proposed b y  A lb ert is as 
follow s: T o  25 gram s of air-dried soil add 200 cc.
boiled d istilled  w ater, 50 cc. of a stan dard  solution 
of barium  hyd ro xid e, and  5 gram s solid am m onium  
chloride. D istil th e  m ixture, collecting the am 
m onia form ed in  ten th-n orm al acid. T h e am ount of 
am m onia foun d in th e d istillate  is assum ed to  be 
proportional to  th e  free barium  hydroxide n ot required 
to sa tu rate  the soil. B arium  hydroxide was found

T a d l e  I— L i m e  R e q u i r e m e n t  C a l c u l a t e d  a s  C a O . P a r t s  p e r  M i l l i o n
D r y  S o i l

Veitch A lbert Veitch Albert
Lab. No. m ethod m ethod Lab. No. method m ethod

2333 1500 930 2626 0 0
2619 1100 67 3749 900 0
2620 1100 24 3750 0 0
2621 700 0 3751 0 0
2622 0 0 3752 900 134
2623 1100 156 3753 1400 560
2624 1000 201 3754 1000 0
2625 900 0 3755 500 0

preferable to  calcium  hydroxide, since th e la tter  seems 
to form  writh  th e  soil certain  easily  decom posed com 
pounds w hich effect decom position of am m onium  
chloride.

1 P aper p resented  a t  th e  48th  m eeting of the  A. C. S., Rochester, 
Septem ber 8-12, 1913.

5 J . A m . Chem. Soc., 24, 1120.
3 Z. angcw. Chcm., 1, 533.

T h is m ethod was com pared w ith the V eitch  m ethod 
on a num ber of sam ples of soil and subsoil of th e D u n 
k irk  c la y  loam  ty p e , obtained  from  th e experim ent 
field. T h e results are given  in  T a b le  I .

T h e results b y  the tw o  m ethods were w id ely  differ
ent, and in v iew  of th e field results obtained b y  th e 
use of lim e on th is soil, indicated  th a t th e figures 
obtained b y  the A lb ert m ethod were m uch too low. 
This d iscrepancy appears to  be due chiefly to  tw o 
factors w hich ap p aren tly  were n ot recognized b y  the 
author.

In the first place solid am m onium  chloride under
goes slight decom position when boiled w ith w ater, 
and appreciable quan tities of am m onia are given  
off. W hen boiled w ith  som e soils am m onium  chloride 
gives up enough am m onia to  v e ry  m aterially  affect 
the results, rendering the figures for a cid ity  m uch too 
low. T h e am ount of am m onia given  off w as different 
for each soil. T w en ty -five  sam ples were exam ined 
and th e am m onia form ed expressed in eq u ivalen t 
of tenth-n orm al acid  varied  from  0.4 cc. to 5.6 cc. 
I t  becom es necessary, therefore, to  determ ine th is 
fa cto r  for each soil and to m ake a correction accord
in gly.

T h e second error consists in assum ing th a t the 
absorption of barium  h ydroxide is im m ediate. This 
assum ption w as foun d to be incorrect. I t  w as found 
th a t fixation of barium  h ydroxide b y  a soil w as com 
plete when the m ixture w as heated  in a w ater b ath  
for one hour a t the tem perature of boiling w ater.

T h e effect of th is trea tm en t is showm in th e fo llow 
ing table:

T a b l e  I I — B a r iu m  H y d r o x i d e  A b s o r b e d  E x p r e s s e d  a s  L i m e  ( C a O ) .
P a r t s  p e r  M il l i o n  D r y  S o il

Absorbed Absorbed
during during

one-hour one-hour
Absorbed standing Absorbed stand ing
im m edi in boiling im m edi in boiling

Lab. No. ately w ater Lab. No. ately w ater
2619 425 963 3749 313 694
2620 425 940 3752 515 1209
2623 403 1187 3754 268 985
2624 425 896 3755 224 761

T h e higher figures obtained b y  th e longer con tact 
of th e barium  hydroxide and soil m ight be ascribed 
to the rem oval of the base from  solution b y  th e  carbon 
dioxide of the air, in w hich case the longer exposure 
would introduce an error. T o  te st th is point 50 cc. 
of the stan dard  barium  hydroxide solution and 50 
cc. of w ater were placed in a 500 cc. K je ld ah l flask. 
T h e unstoppered flask  w as then  placed in a w ater 
bath  m aintained at the boiling tem perature and allow ed 
to  rem ain one hour. T h e flask w'as then  rem oved, 
150 cc. w ater and 5 gram s solid am m onium  chloride 
added, and th e m ixture distilled in th e  ordinary K je l
dahl apparatu s w ith  th e follow ing results:

Am m onia expressed 
in equivalent 
of N / 10 acid

Cc.

50 cc. barium  hydroxide +  5 gram s am m onium  chloride—  . 5 1 A
5 gram s am m onium  chloride...............................................................  1-6
Form ed by barium  hydroxide.............................................................  49 .8

A s direct titra tio n  of 50 cc. b arium  h ydroxide un-
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exposed required 50 cc. of th e tenth-n orm al acid, it 
is ev id en t th a t the one-hour exposure does n ot in tro 
duce an appreciable error.

In view  of th e foregoing results, th e  w riters pro
pose th e fo llow ing m odification  of th e A lb ert m ethod:

T h e air-dried soil is prepared accordin g to  th e m ethod 
of the A ssociation  of Official A g ricu ltu ral C h em ists .1

P lace 25 gram s of th e soil in a Jena K je ld a h l flask. 
C o ver w ith  50 cc. boiled distilled 'wrater and add 50 
cc. tenth-n orm al hydroxide solution. D igest in a 
b risk ly  boiling w ater b ath  for one hour w ith  occasional 
shakin g. R em ove from  th e w ater b ath , add 150 cc. 
d istilled  w ater and 5 gram s solid am m onium  chloride. 
C on n ect th e flask w ith  a nitrogen d istillation  apparatu s, 
and distil. C o llect th e d istillate (150 cc.) in  ten th - 
norm al acid  and titra te , using m eth yl orange as indi
cator. T h e  stren gth  of th e  barium  hyd ro xid e is de
term ined b y  t itra tin g  d irectly  50 cc. of th e solution, 
using m eth yl orange as indicator. T h e difference 
betw een  th e tw o  titra tio n s, therefore, represents the 
am ount of b arium  h ydroxide absorbed b y  the soil.

T h e  soil has a sligh t decom position effect on the 
am m onium  chloride. It  is n ecessary to  correct for 
this in  each case b y  d istillation  of 25 gram s of soil 
w ith 5 gram s am m onium  chloride, om ittin g th e barium  
hydroxide solution. T h e ord inary K je ld ah l ap p aratu s 
m a y be used, b u t care m ust be ta k en  th a t  stoppers 
and connections are free from  alkali,, which m ay h ave 
been left from  previous use in the ordinary K je ld ah l 
d istillations.

T h is  m ethod has been com pared w ith  the V eitch  
m ethod on several sam ples of different ty p e s  of soil 
and the results are given  in th e fo llow ing tab le :

T a b l e  I I I — L i m e  R e q u i r e m e n t  C a l c u l a t e d  a s  C a O . P a r t s  p e r  
M i l l i o n  D r y  S o i l

Lab. No.. D escription of soil Veitch
Modified

A lbert
2619 D unkirk  clay lo am ..................... ..................  1100 963
2620 D unkirk  clay lo am ...................... ..................  1100 940
2621 D unkirk  clay lo am ...................... ..................  700 694
2623 D unkirk  clay lo am ...................... ..................  1100 1187
2624 D unkirk  clay loam ...................... ..................  1000 896
2625 D unkirk  clay loam ...................... ..................  900 694
3749 D unkirk  clay lo am ...................... ..................  900 694
3752 D unkirk  clay lo am ...................... ..................  900 1290
3754 D unkirk  clay lo am ..................... ................... 1000 985
3755 D unkirk  clay lo am ...................... ..................  500 761

15405 Volusia lo am ................................. ..................  1912 1836
15407 Volusia lo am ................................. ..................  1434 1321
15409 Volusia lo a m ................................. 1749
15413 Volusia lo a m ................................. ..................  1434 1344
15425 Volusia s ilt lo am .......................... ..................  1912 2531
15427 Volusia s ilt lo am .......................... ..................  2390 2620
15430 Volusia silt lo am .......................... 2307
15432 Volusia s ilt lo am .......................... ..................  2629 2352
15443 D unkirk  clay lo am ...................... ..................  1673 1768
15445 D unkirk  clay lo am ...................... 1232
15449 D unkirk  clay  lo am ...................... ..................  1195 1456
13151 Volusia silt lo a m .......................... ..................  1195 1344

T h e results obtained  b y  th e new  m ethod agree v e ry  
well w ith  those obtained  b y  th e V eitch  m ethod, and 
since there is no apparen t m ethod of stan dardizin g 
either, it  m a y  be assum ed to  be ju st as correct.

T h e  new m ethod possesses th e great a d va n ta ge  of 
rap id ity , and if  th e details are carefu lly  observed, it  
is v e ry  ea sy  to  ob tain  concordant results.

N . Y . S t a t u  C o l l e g e  o f  A g r i c u l t u r e  
C o r n e l l  U n i v e r s i t y , I t h a c a  

1 U. S. D ept, of Agric., B ureau  of Chem istry, Bull. 107, 14.

AN IN TER ESTIN G  SOIL W A TER Q UESTIO N  IN  BRITISH  
GUIANA

B y  M a u r i c e  B i r d 1 
Received Septem ber 15, 1913

Som e yea rs ago, H arrison2 first called  a tten tio n  to 
the m arked ly  alkalin e condition  of th e soil w ater 
un derlying th e sugar estates frin gin g the coast of 
B ritish  G uiana, and its pernicious effect upon the 
grow th  of th e sugar cane; and since th is in terestin g 
problem  is one to  be v e ry  ap p rop riately  recorded in 
the pages of T h i s  J o u r n a l , th e  w riter has prepared 
th e fo llow in g brief accou n t of it.

T h e appended analyses are ty p ic a l of the sugar 
soils of B ritish  G uiana, and in d icate  th eir w onderful 
fe r tility  from  a stan dp oin t of p la n t food. T h e  yield  
and q u ality , how ever, of th e cane grow n  upon them  
is v e ry  often  d isappoin tin g, and th is is due to  the 
fa c t th a t, m an y of these lands ly in g  below  sea level, 
deep and thorough drainage is w ell nigh im practicab le, 
w ith  th e results th a t as th e soil slow ly  and con tin uously 
decom poses, the surrounding and un derlyin g w ater 
becom es charged w ith  a lkalin e m ineral m atter, the 
p rod u ct of th is decom position, and th is alkaline 
m aterial en tering through the roots, acts in  a ve ry  
deleterious m anner upon the ju ice  of th e  cane.

Soil Soil Soil from  Pin.
from  Pin. from  Pin. H am pton
Albion, Friends, C ourt,
Berbice Berbice Essequibo
(C oastal (R iver (C oastal
esta te ) esta te) estate)

W ater and  volatile m a tte r . ,. , 18.050 19.660 14.503
Insoluble m a tte r ......................... . .  66 .250 65.609 66.915
Iron  and alum inum  oxides .. 13.780 14.503 17.496
L im e................................................ 0 .345 0.134 0.316
M agnesia ....................................... 0 .629 0.431 0.504
P o ta sh ............................................ 0 .458 0.495 0.501
S o d a ................................................. 0 .148 0.110 0.112
Phosphoric a c id ........................... 0 .256 0.224
N itro g en ......................................... 0.351 0.196

N ote— T hough weighed as ferric oxide som e of the  iron in these soils 
is in th e  ferrous form.

T h e excess of m agnesia over lim e in  the above is 
v e ry  n oticeable, and th is appears to be the case th rou gh 
ou t in th e a llu v ia l soils of th e colony.

C om in g now  to  th e soil w aters, th e w riter exam ined 
a great m an y under v a ry in g  conditions of rainfall 
e tc., finding th e a lka li, as determ ined b y  titra tin g  
w ith  decinorm al su lfuric acid , to  range from  a trace to 
480 parts per m illion of w ater, w hen calcu lated  as 
sodium  carb o n ate; wrhile th e to ta l m ineral m atter, 
determ ined b y  evap o ratio n  of th e w ater rose to  over 
one per cen t of th e w ater. T h is saline m aterial enter
ing th e roots of th e grow in g cane w as foun d to produce 
from  th ree to  five tim es th e q u a n tity  of ash in the 
ju ice  th a t is foun d in th e  ju ice  of cane grow n on well 
drained soils. T h is  ash, or m ineral m atter, of the 
ju ice  con cen tratin g  in the m olasses from  th e  process 
of th e sugar fa c to ry  w as foun d (as so lu c id ly  described 
b y  G eerligs)3 to  form  u n crysta lliza b le  com pounds 
w ith  the sucrose, w h ereb y m uch sugar is lost. In 
order to  b reak up these com pounds and render the 
sugar a va ila b le  it becom es n ecessary to  em p lo y some

1 C hem ist to  th e  New Colonial Co., L td .
2 West Ind ian  Bulletin, 9, I, 1-39.
3 "C an e  Sugar and  its  M anufac tu re .”  by  H . C. Prinsen  Geerligs.
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such m ethod, as osm osis or th e Steffen process, as is 
in use in  th e beet sugar in d u stry.

Since th e  soil w ater contain s a large proportion of 
m agnesia, w hich in th e cane ju ice  exercises an es
p e cia lly  deleterious effect in  restrain ing th e crysta lli
zation  of sugar, th e experim ent suggested  itself to 
th e w riter of p recip ita tin g  th e m agnesia from  th e soil 
w ater w ith  a solution of h y d ra te  of lim e. As this 
proved  h igh ly  successful, large quan tities of lim e 
(from  tw o to  three ton s per acre) were applied to a 
large tra c t  of sugar lan ds, w ith th e result th a t the 
ju ice  of th e sub seq u en tly  grow n cane w as v e ry  m arkedly 
im proved.

SU M M A R Y

One of th e chief obstacles to  profitable sugar pro
duction  in  B ritish  G u ian a  is th e  h igh ly  saline character 
of th e  soil w ater, to  overcom e w hich every  effort 
should  be m ade to  ach ieve deep and thorough drainage, 
w hich can be m ost a d va n ta geo u sly  supplem ented b y  
h e a v y  application s of slaked  lim e to  th e  land. W here 
these rem edies are not p ractised  a large loss of sugar 
in  th e  fa c to ry  can be o b via ted  on ly b y  em ploying a 
special process, such as eith er of those indicated  
above, to  sep arate  th e  sugar from  the abnorm al quan
t i t y  of m ineral m atter present.

P l n . A l b i o n , B e r b i c e  
B r i t i s h  G u i a n a

M IC R O O R G A N ISM S IN CO M M ERCIAL LIM E-SU LFU R1
B y  C. A. P e t e r s  a n d  A. W. B r o o k s  

Received O ctober 13, 1913

M an u factu rers of com m ercial lim e-sulfur have been 
trou b led  for som e tim e b y  th e occasional thickening 
of their p roduct when stored  in barrels. As far as 
can  be ascertain ed  second-hand, wooden barrels of 
a b ou t 50 gallons’ c a p a city  are used in handling the 
prod u ct, and of a large num ber of barrels filled a t the 
sam e tim e w ith  th e  sam e m aterial only an occasional 
one w ill develop th e th ick en ed  m aterial.

T h e  n atu re of th e  th icken ed  product has not been 
understood. In  consisten cy it  resem bles a thin  
ketchup . In  color it  is n early  white, a lthough seem ing 
to be tin ted  red b y  the lim e-sulfur m other liquor. 
T h e solid  m a tter of th e m ixture rem ains in suspension 
settlin g  b u t s lig h tly  if at all.

A  q u a lita tiv e  exam ination , m ade b y  the writers, 
of a sam ple of th is th icken ed  m aterial revealed  a num 
ber of th in gs w hich m ay be listed  as follow s: ( i)  
W hen such lim e-sulfur ketch up w as filtered and 
dried th e residue w as large ly  sulfur soluble in carbon 
disulfid. (2) N o sulfids, sulfites, or thiosulfates 
were present in th e w ashed residue. (3) W hen th ick 
ened lim e-sulfur contain ing th e suspended m aterial 
w as h eated , a clear solution w as obtained  wrhich wras 
ev id en tly  th e  original con cen trated  lim e-sulfur solu
tion. T h ese results in d icated  th a t the precipitate 
w as largely, if n ot en tirely, sulfur. T h is idea was 
confirm ed b y  th e  approxim ate q u a n tita tiv e  conversion 
of th e residue from  portions of the thickened lime- 
sulfur m ixture in to  barium  sulfate. Such residues 
filtered on asbestos or paper -were washed w ith  w ater

1 M ateria l and  funds for th is  work were furnished b y  th e  Bowker 
Insecticide C om pany of Boston, M ass.

until th e filtrate w as colorless and either dried abou t 
15 hours in  an e lectrica lly  heated  oven a t 6 5-70 °, 
and weighed, or converted  in to  barium  sulfate and 
weighed. T h e results are given  in T ab le  I.

T a b l e  I — C o n v e r s i o n  o p  R e s i d u a l  S u l f u r  in t o  B aSO <
W eight of residue Sulfur calculated

on asbestos from  BaSOt Difference
No. G ram  G ram  G ram

1 0.0365 0 .0384 + 0 .0 0 1 9
2 0.0431 0 .0474 + 0 .0 0 3 3

T h e am ount o f sulfur registered in E xp erim en t i ,  
°-°365 gram , w as tran sferred  to  a beaker wdth he 
asbestos on w hich it  w as filtered. T h e whole mass 
was boiled 15 m inutes w ith  50 cc. of a 10 per cen t solu
tion  of caustic potash , and th e sulfur oxidized  b y  
50 cc. of ord inary 3 per cent solution of hydrogen 
peroxide. T h e m ixture w as then m ade acidic w ith 
h ydrochloric acid, filtered through paper and w ashed, 
a solution of barium  chloride added to  the filtrate, 
and the p recip itate of barium  sulfate dried, heated, 
and weighed.

In E xp erim ent 2, a 5 cc. portion  of th e  th icken ed  
lim e-sulfur m ixture was filtered on asbestos, the 
residue w as wrashed until th e  filtrate  w as color
less, dried abou t 15 hours a t 6 5-70 ° and weighed. 
A  duplicate portion w as filtered on hardened paper, 
th e  w ashed residue sep arated  from  th e paper w as 
treated  in a beaker w ith  caustic potash, and precip i
ta ted  and w eighed as barium  sulfate, as ju st described. 
T h e figures as given  are m ultiplied  b y  tw o before 
insertion in th e ta b le  so th a t  th ey  m ay be com pared 
d irectly  w ith those of E xp erim en t x. T h e results 
are v itia te d  b y  th e occlusion of potassium  salts b y  the 
barium  sulfate, and in E xp erim en t 1, in addition, 
p rob ab ly, b y  th e silica from  th e asbestos, b u t th e y  
show an a p p roxim ately  q u a n tita tive  conversion of 
th e sulfur into barium  sulfate.

I t  seem ing to be established th a t  th e p recip itate 
in th e lim e-sulfur ketch up w as due to  a mass of sus
pended sulfur, in effective  attem p ts were m ade to  re
produce th is ch aracteristic  ketch up substance b y  h ea t
ing various lim e-sulfur solutions until precip itation  
took  place. N one of th e concen trated  m ixtures 
resulting resem bled a t all th e original ketch up sub stance 
and m icroscopical exam ination  of the residues showred 
masses of crysta ls  w hich could have been only sulfur.

W hen, how ever, the original ketch u p  m ixture 
was exam ined under th e m icroscope th e first real 
ligh t was shed on th e problem . T h e m aterial con
sisted of masses of long threads, and m otil rods were 
in abundance. T h e threads separated  from  th e lim e- 
sulfur liquid  b y  filtering and w ashing, and, view ed 
in a w ater m edium  m agnified 480 x, developed 
in  a few  m inutes cross striations, and in the 
course of an hour or so som e of th e threads divided 
a t th e cross lines. In a few  hours, a fter further changes, 
in place of the threads on ly spherical cells rem ained, 
the position of some of th e threads being defin itely 
m arked on th e  m icroscope slide b y  a row  of these 
spherical bodies. T h is description indicates th a t the 
solid m atter in th is lim e-sulfur ketch up is due to  m icro
organism s of a group closely allied to  Beggiatoa.
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T h is iden tification  w as confirm ed b y  D r. va n  Suchtelen  
of the D ep artm en t of M icrobiology.

T h e source of th e in fection  b y  the m icroorganism  
is not know n  b u t th e fa cts  outlin ed in th e first paragraph 
th a t  on ly  one barrel ou t of a possible hundred de
velops th e  organism  and th a t th e barrels used are 
necessarily  second-hand, point to th e p reviou sly  in 
oculated  barrel as th e source of the trouble.

As it  appears unusual th a t these m icroorganism s 
should appear in  q u an tities in  lim e-sulfur concentrates 
d a ta  regardin g th e m ixture m ay be of interest.

Density .— T h e densities of the ketch up m ixture, 
th e filtrate  from  it and  of other lim e-sulfur solu
tion s were ta k en  in an ord in ary  specific g ra v ity  b ottle  
of 25 cc. ca p a city , w ith  an open cap illary  tu b e, a t 
room  tem p eratu re wThich w’as 25°. T h e results are 
recorded in th e  fo llow ing table:

T a b l e  I I

No.
1
2
3
4

M a t e r i a l
W ater
Lim e-sulfur ketchup  
Lim e-sulfur solution 
L im e-sulfur solution

Lim e-sulfur solution 
L im e-sulfur so lution

Observed
density
0.9966
1.3047
1.2996
1.3020

1.2992
1.3214

B. 0 from 
commercial 

scale R e m a r k s

7 L im e-sulfur solution 1.3078

8 L im e-sulfur solution 1.3072

3 4 .0
3 3 .6
33.7

33 .6
35 .3

34 .2

34.2

Check

F iltra te  from Expt. 2 
K etchup  heated  until solu

tion resulted  and  loss of 
volum e m ade up 

D uplicate of No. 4 
K etchup heated un til solu

tion resulted and  loss of 
volume no t m ade up 

Sam e as N o. 6 except 
heated  w ith  a ir con
denser

Same as No. 6 except 
heated  under re tu rn  
w ater condenser

tificatio n , the sources of infection, and m eans of 
preven tion  are being in vestigated .

D e p a r t m e n t  o f  G e n e r a l  a n d  A g r i c u l t u r a l  C h e m i s t r y  
M a s s a c h u s e t t s  A g r i c u l t u r a l  C o l l e g e , A m h e r s t

A n  exam ination  of the d a ta  in E xp erim en ts 7 and 8 
shows th a t  th e  original lim e-sulfur solution in which 
the m icroorganism s developed w as of th e m axim um  
d en sity , r.3075 (34° B .) , for com m ercial prep ara
tions, and E xp erim en t 3, th a t th e filtrate from  the 
ketch up w as of a d en sity  of 1.2996 (33.6° B .), w hich 
is still s lig h tly  stronger th an  n ecessary for the trade. 
I t  is fu rth er seen, E xp erim en ts 2, 7 and 8, th a t the 
d en sity  of the clear liquid  is on ly  sligh tly  altered  
(— 0.008) b y  th e w ith d raw al of sulfur b y  th e m icro
organism s. E xp erim en t 6 as com pared w ith  7 and 8 
shows how  the d en sity  of these con cen trated  solutions 
is chan ged ( +  0.015) b y  the w ith d raw al of a sm all 
am ount of w ater— less th an  V25-V50 of th e to ta l volum e 
in th is case.

Sulfur in  Suspension .— T h e am ount of sulfur per 
cubic cen tim eter in suspension in  th e bodies of the 
m icroorganism s in th e  k etch u p  is 0.0043 gram  as ob
tain ed  from  E xp erim en t 2 in T a b le  I.

SU M M A R Y

M icroorganism s of Beggiatoa, or a closely related  
group, h a ve  been found to  be th e cause of an apparen t 
p recip ita te  of sulfur occurring in com m ercial lim e- 
su lfur concentrates, m akin g th e whole mass of th e con
sisten cy  of th in  ketch up . Som e d a ta  regarding th is 
th ick en ed  lim e-sulfur is given.

T h e fu rth er stu d y  of th e m icroorganism s, their iden-

TH E A SSA Y  OF INDIVIDUAL PLA N TS OF DATURA 

STRA M O N IU M  L., DATURA TATU LA L. AND 

O TH ER SP E C IE S AND V A R IE T IE S1
B y  F .  A . M i l l e r  a n d  J .  W . M e a d e r

I t  has been sta te d  in a recent com m un ication 2 
th a t  the exam ination  of in d iv id u al p lan ts of the daturas 
for their to ta l a lka lo id al con ten t has been under
ta k en  as a m eans of fo llow ing th e  effects of prolonged 
cu ltiva tio n  upon the percen tage of a lkaloids, and as 
a m eans of selectin g high -yield ing in d iv id u al plants 
for breeding purposes. T h e present discussion is 
a con tin u ation  of th is in vestig a tio n , togeth er w ith 
ad dition al d ata  upon other species and varieties not 
heretofore included. A  review  of th e literatu re on 
stram onium  w as g iven  in th e original com m unication. 
T h is w as follow ed b y  th e assays of several individual 
p lan ts of Datura stramonium  L. and Datura tatula L. 
Seeds were collected  from  all th e  assayed  p lan ts and 
those from  th e in d iv id u als con tain in g th e h igh est and 
low est percen tages of alkaloids from  each of th e tw o 
species were p lan ted  M a y  30, 1912. T h e results ob
tain ed  from  these plan tin gs are considered in the 
present discussion.

T h e conditions of grow th  were p ra ctica lly  th e same 
as those under w hich th e  paren t p lan ts were produced. 
T h e soil, a  stiff c la y  loam  th o u gh  n ot id en tica l, was 
th a t of an ad ja cen t field and  of a sim ilar ph ysical 
ch aracter. T h e  p lot w as fa irly  uniform  excep t for 
an excess of sand and gravel a t one end. T h e  plants 
grow in g a t this point were sm aller and less vigorous 
th a n  th e  others. W hen a b o u t three inches high th ey  
were th in ned  to  four feet in  th e  row . C u ltiva tio n  
w as begun a t th is tim e and continued  th rou gh ou t the 
grow in g season.

E ig h t p lantin gs were m ade, four of Datura stramo
nium  L . and four of Datura tatula L . T hese were made 
from  th e h igh est and low est y ie ld in g in d iv id u als from  
each of the tw o species, as g iven  in th e origin al com 
m unication. T h e plan ts in d icatin g these extrem es 
assayed  0.55 per cen t and 0.46 per cen t in Datura 
stramonium  L. and 0.65 per cen t and 0.47 per cent in 
Datura tatula L. F ou r of th e ab ove plots received 
an ap p licatio n  of norm al com m ercial fertilizer a t the 
rate of six hundred pounds per acre. T h is w as applied 
when th e p lan ts were ab ou t one fo o t high.

T h e collection  of sam ples of leaves for assay from  
in d iv id u a l p lan ts of each of th e e igh t p lots w as m ade 
ea rly  in Septem ber. T hese sam ples were dried at 
room  tem p eratu re , gran u lated  and sealed in am ber 
b o ttles un til assayed. Follow ing are th e results ob
ta in ed  from  nineteen selections of in d iv id u a l plants 
from  Datura stramonium  L . T en  of these were from  
the high- and nine from  th e  low -yie ld in g parent.

1 P aper p resented  a t  th e  47 th  m eeting of th e  A. C. S., M ilwaukee, 
M arch , 1913.

* 8 th In t. Cong. A pp . Chemistry, 17, 57.
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T a b le  I— Datura stramonium  L.
H ighest p la n t originally assayed 0.55 per cent

W ithou t fertilizer W ith  fertilizer

No. Source
Assay 

Per cent No. Source
Assay 

P er cent
B -  980 P aren t p lan t 0 .55 B -  980 P a re n t p lan t 0.55
B-1349 Selection 0 .5 0 B-1360 Selection 0.67
B-1351 Selection 0 .56 B-1361 Selection 0 .66
B-1352 Selection 0 .50 B-1362 Selection 0 .62
B-1353 Selection 0 .5 4 B-1363 Selection 0.65
B-1354 Selection 0 .42 B-1364 Selection 0 .48

Average, 0 .5 0 Average, 0.61

Low est p lan t originally assayed 0.46 per cent 
W ithou t fertilizer W ith fertilizer

Assay Assay
No. Source P er cen t No. Source Per cent

B -  982 P a re n t p la n t 0 .4 6 B -  982 P aren t p lan t 0 .46
B-1355 Selection 0 .5 8 B-1357 Selection 0 .64
B-1356 Selection 0 .57 B-1368 Selection 0.68
B-1365 Selection 0 .58 B-1369 Selection 0.58
B-1366 Selection 0 .65 B-1370 Selection 0.71
B-1367 Selection 0 .63 ------

------ Average, 0 .64
A verage, 0 .6 0

T h e  Datura tatula L . selections, of w hich there were 
ten  each from  the high- and low -yieldin g parents, gave 
th e fo llow in g results:

T a b le  I I — Datura tatula L.
H ighest p lan t originally assayed 0.65 per cent 

W ith o u t fertilizer W ith  fertilizer

Assay Assay
No. Source P e r cent No. Source Per cent

B -  984 P a re n t p lan t 0 .65 B -  984 P a re n t p lan t 0.65
B-1344 Selection 0 .53 B-1378 Selection 0 .72
B-1348 Selection 0 .56 B-1379 Selection 0 .75
B-1376 Selection 0 .77 B-1380 Selection 0 .69
B-1377 Selection 0 .59 B-1381 Selection 0 .73
B-1383 Selection 0 .6 4 B-1382 Selection 0 .44

A verage 0 .62 Average, 0 .68

Low est p la n t originally assayed 0.47 per cent 
W ithou t fertilizer W ith  fertilizer

No. Source
Assay 

P er cent No. Source
Assay 

P er cent

B - 985 P a re n t p lan t 0 .47 B -  985 P a ren t p lan t 0.47
B-1341 Selection 0.47 B-1371 Selection 0.66
B-1342 Selection 0.45 B-1372 Selection 0.50
B-1343 Selection 0.52 B-1373 Selection 0 .48
B-1346 Selection 0 .45 B-1374 Selection 0 .53
B-1347 Selection 0 .57 B-1375 Selection 0 .54

Average, 0 .49 Average, 0 .54

A  sm all p lo t of Datura ferox  L . w as grown from  seed 
ob tain ed  from  H aag &  Schm idt, of E rfort, G erm any. 
F our selections wTere m ade and sam ples of leaves from  
these selected  p lan ts assayed  as follow s:

T able I I I
Assay

No. Source Per cent

B-1345 Datura ferox 0.53
B-1350 Datura ferox 0 .62
B-1358 Datura ferox 0 .70
B-1359 Datura ferox 0 .66

A  sm all p lan tin g  of Datura hum ulus jlava  wras m ade 
of seed from  th e above source. A  m ixed sam ple of 
leaves assayed  0.42 per cent. In d ivid u al selections

could not be m ade on accoun t of the failure of th e 
plan ts to  produce seed. T h is w as due to  th e late  
p lantin g and in ju ry  from  ea rly  frost. T h e plants 
did n ot flower until- Septem ber and were extrem ely  
sensitive to  frost.

T h e foregoing figures indicate a considerable range 
of variation s in the percentage of alkaloids as found 
in th e ind ivid u al plants. T h is variation  in the progen y 
of both  th e Datura stramonium  L. and Datura tatula L. 
selections is greater th an  th a t of th e tw o parent plants. 
In  the species stram onium  this is 0.09 per cent in the 
parents, while in the progeny it is 0.23 per cent for the 
selections from  both  the fertilized  and non-fertilized 
plots. T h e highest yield in g p la n t w as produced b y  
the low  parent upon a fertilized  p lot while th e low est 
yield in g p la n t w as produced b y  th e high parent upon 
a n on-fertilized plot. C o n tra ry  to exp ectations the 
higher averages were obtained upon the fertilized  
and non-fertilized p lots from  th e low -yieldin g parent. 
For the fertilized  plots these averages are 0.64 per cent 
from  the low  parent and 0.61 per cent from  the high 
parent. F or the non-fertilized plots th e y  are 0.60 
per cent from  th e low  parent and 0.50 per cent from  
th e high parent.

In  th e species ta tu la  the variation  of the twro parent 
plants is 0.18 per cent while in th e progen y it  is 0.31 
per cent and 0.32 per cent upon the fertilized  and non- 
fertilized  plots, resp ectively . T h e highest y ield in g 
p lan t was produced b y  the high parent upon a non- 
fertilized  plot, while th e lowTest y ield in g p lan t w as 
also produced b y  the h igh -yielding parent b u t upon 
a fertilized  plot. T h e la tter  wras an abnorm al p lant 
producing few  leaves and for th is reason m ight be 
expected  to  g iv e  a low  yield . T h e n ext low est appears, 
according to  exp ectation , in the progeny of the low  
parent and upon a n on-fertilized plot. T h e averages 
in th is case are the reverse of w h at w as noted for the 
species stram onium  and are according to  expectations. 
T h e  higher averages are obtained from  the progen y 
of the high parent and from  the fertilized  plots. F or 
the fertilized  plots these averages are 0.68 per cent 
from  th e high parent and 0.54 per cen t from  the low  
parent. F or th e n on-fertilized plots th e y  are 0.62 
per cen t from  th e high parent and 0.49 per cen t from  
th e lowr parent.

T a b le  I V  shows extrem es as noted in th e parents 
and offsprings and the variation s as foun d upon 
fertilized  and non-fertilized soils.

T h e greater range of variation s in individual p lant 
yield  as found in these second generation plants is 
prob ab ly due to  the fa c t th a t th e  parent plants repre
sented m ixed strains. Such m ixed strains resulting 
from  prom iscuous pollination m ight produce plants 
giv in g  a ltogether different yields from  th e parents. 
W hen th e original selections were m ade no precautions 
were taken  to  preven t cross pollination. T h is pre
caution  is necessary w ith the daturas if know n parentage 
is desired. It  has n ot been con clusively  shown th a t 
the prop erty  of a p lan t to  produce a definite percentage 
of alkaloids is un iform ly tran sm itted  to  the offsprings. 
Inbreeding or close pollination of all selected plants 
is necessary in  th e s tu d y  of the transm ission of such
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a character. T h e  results so far ob tain ed  in d icate th a t 
the seeds from  open pollin ated  plan ts are eith er of 
com posite parentage or th a t th e character under con
sideration  is not un iform ly inherited. T h e results

T ab i.k  IV 
Datura stramonium  

Assay Assay
H ighest yielding Low est yielding

p la n t p lan t V ariations
Per cen t Per cent Per ceut

P a re n t p la n t..........................  0 .55  0 .4 6  0 .09
N on-fertilizcd ........................  0 .65  0 .4 2  0 .23
F ertilized ................................  0 .71  0 .4 8  0 .23

Datura tatula
P a re n t p la n t ..........................  0 .65  0 .47  0 .18
N o n -fe rtiiized ......................  0 .7 7  0 .45  0 .32
F ertilized ................................. 0 .75  0 .4 4  0.31

seem  to point tow ard  th e form er supposition  w ith 
certain  exceptions. Som e degree of u n ifo rm ity  is 
to  be n oted in  th e assays of these second generation  
plan ts. T h ere is m ore u n ifo rm ity  am ong the in dividuals 
wdthin th e groups assayed th an  there is betw een  these 
in d iv id u als and the paren t plants. C onsidering on ly  
the n on-fertilized  plots in th is respect the progen y 
of th e high -yield in g stram onium  is m ost uniform . 
T h e  paren t assayed  0.55 per cen t and th e progen y
0.50 per cent, 0.56 per cent, 0.54 per cen t and 0.42 
per cent. T h is  u n ifo rm ity  w ith in  th e groups is greatest 
in  the ta tu la  selections and is sufficient to  m aintain  
th e averages in th e  order expected. T a k in g  the a ver
age assay  of th e progen y of th e low -yieldin g parent 
from  th e non-fertilized  p lot as a unit, the averages 
from  th e other plots of this species fo llow  in their 
exp ected  order, i. e., 1.00 : 1.10  : 1.26 : 1.38. In
th e  species stram onium , how ever, the u n ifo rm ity  w ithin 
th e  groups is n ot sufficient to m ain tain  th is order. 
In  th is case th e order is 1.00 : 1.06 : 0.82 : i.o x .

G reater extrem es in  th e  alkaloidal y ield  of th e  in 
d ivid u al p lants h ave been located  th an  were found 
in  the original investigation s. T h is is doubtless due 
to  the sm all num ber of p lan ts orig in ally  assayed. 
I t  is believed  th a t such extrem es can be determ ined 
im m ed iately  b y  the exam ination  of a sufficien tly  large 
n um ber of ind ivid u al p lan ts produced under uniform  
conditions. W hether or n ot th e  greatest extrem es 
in  the tw o  form s under discussion have been reached 
can be determ ined only b y  fu rth er stu d y. T h e  lo ca 
tio n  of the highest extrem es is th e principal ob ject. 
T h e  p o ssib ility  of th e fixation  of th is h igh -yielding 
p ro p erty  m ust then be determ ined b y  inbreeding. If 
such a procedure is possible, h igh -yield ing strain s or 
races of th e alkaloidal producing plan ts can be developed 
for com m ercial purposes. W ith  four exceptions all 
of the fo rty-th ree  assayed plan ts h ave been inbred 
and m ature seeds obtained from  them  for planting. 
T w e n ty  crosses (hybridizations) h ave also been m ade 
betw een various in dividuals of th e three species 
studied. A  few' reciprocal crosses h ave been m ade. 
T h e alka lo id al y ield  of these h yb rid  form s w ill be 
studied  in com parison w ith  th e  y ield  of th e inbred 
parents and their progen y. P erfect un ifo rm ity  in the 
b eh avior of a n y  ch aracter can not be exp ected  in the 
first generation  from  inbred plants. T h is is due

to  la te n t tendencies, th e elim ination  of w hich m ay re
quire tw o or more generations b y  inbreeding.

I t  has a lread y  been stated  th a t another o b ject of 
th is in vestig atio n  w as to  fo llow  the effects of pro
longed cu ltiva tio n  upon th e y ie ld  of alkaloids. The 
id ea th a t cu ltiva tio n  causes a decrease in the value 
of m edicinal p lants has been current for m an y years, 
b u t a p p a ren tly  w ith o u t foun dation. T h e results 
ob tain ed  are con trary  to th is b elief and are an indi
cation  of w h at m a y be accom plished th rough  c u ltiv a 
tion  and im provem en t. A ll p lan ts in th e experim ental 
plots h a ve  been under cu ltiva tio n  tw7o years. T he 
original source of th e seed from  which th e cu ltiva ted  
strain s were started  is know'n ab so lu tely  in th e case 
of Datura tatula L ., as w ild  plants a few  inches high 
were tran sp lan ted  from  a v a c a n t lo t in  Indianapolis 
to the exp erim ental p lot. T h u s tw o  yea rs under 
cu ltiva tio n  is know n  to  be correct for th is species. 
T h is is n ot true, how ever, w ith  Datura stramonium  L. 
T h e  seeds from  w'hich th e original p lan tin g w as m ade 
were obtained  in th e  L ondon  m arket and m a y  or m ay 
n ot h ave been gathered  from  w ild  plants. M ixed 
sam ples were collected  for com parison from  w ild  plants 
foun d grow in g ad ja cen t to  th e exp erim en tal plots. 
F ollow in g is a ta b le  of th e average assays of th e wild 
and c u ltiv a te d  p lants:

T a b l e  V — A v e r a g e  A s s a y s  ( P e r c e n t a g e s )
Datura stramonium

Source 1910 1912 1912
Original p la n ts ..........................  0 .5 0  Fertilized  N on-fertilized
High-yielding p la n t............................  0.61 0 .5 0
Low-yielding p la n t.............................. 0 .6 4  0 .6 0
W ild p la n ts ............................................  . . . .  0 .28

Datura tatula
Original p la n ts ..........................  0 .5 8  Fertilized N on-fertilized
High-yielding p la n t............................  0 .6 8  0 .62
Low-yielding p la n t.............................. 0 .5 4  0 .49
W ild p la n ts ............................................  . . . .  0 .35

T hese averages in d icate  th e beneficial effect of cu lti
va tio n  b oth  w ith  and w ith ou t fertilizer. In  most 
cases these averages are higher in  th e second year 
th a n  in th e first. T h e  general averages of all th e se
lected  p lan ts assayed  th is yea r is greater in each case 
th a n  the averages of th e plan ts orig in ally  assayed. 
T h e exceptions are m ost m arked in th e averages of 
th e progen y from  th e low -yie ldin g parent. In  Datura 
stramonium  th e  averages are equal to  or greater than  
th e original average.

T h ese form s will be continued  under cu ltivation . 
Seed from  th e h igh est y ield in g in d iv id u als w ill again 
be planted  and th e resulting plan ts assayed  in  the 
sam e m anner as those p rev io u sly  exam ined. In 
addition  to  th e original ob jects  of th e in vestigation ,
i. e., th e effects of cu ltiva tio n  and selection  upon 
y ield  of a lkaloids, th e influence of h yb rid izatio n  
upon this y ie ld  will also be n oted. O ther species and 
varieties w ill be included  as seed supplies becom e 
availab le .

D e p a r t m e n t s  o f  B o t a n y  a n d  A n a l y t i c a l  C h e m i s t r y  
E l i  L i l l y  &  C o m p a n y , I n d i a n a p o l i s
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LABORATORY AND PLANT
D ETE R M IN A TIO N  OF N ITR O G EN  B Y TH E N ITR O M ETER

B y  C . M .  J o y c e  a n d  H a r r y  L a T o u r e t t e  
Received O ctober 20, 1913

T h e n itrom eter consists of a gas generating bulb 
fitted  a t the top w ith a tw o -w a y  cock leading to  a 
d issolvin g cup and a gas exit tu b e, and which has a t 
the b otto m  a connection  for a rubber tu b e leading to 
a levelin g  tu b e, th e whole being filled w ith m ercury 
to a level ju st below  th e upper cock; a cylindrical 
glass m easuring tu b e grad u ated  from  o - io o  cc. con
n ected  to  a levelin g  tu b e through a T  tub e leading to 
an eq uilib riu m  tu b e. T h e la tte r  is shaped like an 
in v erted  100 cc. p ip ette  grad u ated  dow nw ard below 
th e bulb  from  100-130 cc. T h e whole system  is filled 
w ith  m ercu ry so th a t th e m easuring tu b e m ay be com 
plete ly  d ischarged b y  raising th e  levelin g tube.

A D JU S T IN G  T H E  E Q U IL IB R IU M  T U B E

T h e vo lu m e of 100 cc. of d ry  air at o °  C. and 760 
mm. under th e tem peratu re and barom etric conditions

p revailin g  at th e tim e is calcu lated , three drops of 98 per 
cen t sulfuric acid  are draw n in to  th e tu b e  and the level of 
th e m ercu ry fixed in  accordan ce w ith  the calculation. 
T h e  cock  of th e  tu b e is then  closed and sealed w ith m elted 
paraffin. T h e vo lu m e in  th is  tu b e  m a y be confirm ed at 
a n y  tim e b y  opening the m easuring tu b e and adjusting

th e levelin g tub e so th a t th e  level is th e sam e in the three 
tubes. T h e volum e of gas in the equilibrium  tub e is then  
read and com pared \Vith the calcu lated  vo lu m e a t the 
tim e, a correction in the subsequent gas readings in  the 
m easuring tu b e being m ade accordin gly.

N IT R O G E N  IN  P O T A S S IU M  N IT R A T E

A p p roxim ately  0.4 gram  potassium  n itrate is p laced in 
a w eighing tub e, dried tw o hours a t 110 ° C ., desiccated  24 
hours over sulfuric acid  and wreig h ed exa ctly  b y  difference 
into  th e cup of th e gas generating bulb. T h is is dissolved 
in 9 cc. 95 per cent sulfuric acid  added through a siphon 
th istle  tub e, en ter in g th e to p o f thedissolvin g cup through 
a tigh t-fittin g  rubb er stopper. W hen th e salt is dissolved 
i t  is draw n into  the gas generatin g bulb and follow ed b y  
tw o washings 1.5 cc. each of 95 per cent acid. T h e bulb 
is then  shaken w ith  a m otion n o rm a lto its  long dim ension 
until th e volum e of gas determ ined b y  a rough paper 
scale pasted  on th e levelin g tub e becom es constan t, 
this operation  ta k in g  from  3 to  5 m inutes.

T h e gas is passed into  th e m easuring tub e and after 
stan din g 5 m inutes th e levelin g and m easuring tu b es are 
so ad ju sted  th a t  th e level in th e equilibrium  tub e reads 
100 cc. and is the sam e as the level in th e m easuring tube. 
T h e reading of the la tter  is then  taken . A s th e tem pera
ture and b arom etric conditions, in so far as th e y  affect the 
m easured volum e of the gas, are a u to m a tica lly  com pen
sated  b y  th e equilibrium  tub e, and as the gas is washed 
w ith sulfuric acid  and is, therefore, dry, th e percen tage of 
nitrogen m ay be calcu lated  d irectly , correctin g on ly  for 
th e calib ration  of th e equilibrium  and m easuring tubes. 
Seventeen  determ inations m ade when the room  tem pera
ture ranged from  20-28° gave 13.71 per cent nitrogen, 
th e th eoretical being 13.84 per cent.

E F F E C T  O F ROOM  T E M P E R A T U R E

I t  w as noted  th a t th e nitrogen determ inations 
of p yro xylin  when th e room  tem perature w'as over 
30° C . appeared abn orm ally  high. D eterm inations 
of potassium  n itrate  were accordin gly  m ade at tem p era
tures of 31—35 ° when th e theoretical percentage was 
obtained. T h is would in d icate th a t th e so lu b ility  
of n itric  oxide in  95 per cen t sulfuric acid  dim inishes 
p ra ctica lly  to  zero under these conditions. N itrogen  
determ inations of a well pulped sam ple of n itrocellu
lose were m ade a t room  tem peratures ran gin g from  
25° to  35° C. w ith  th e  result th a t th e  apparen t per
centage increased beginning a t 27° C ., being 0.03 
higher at 28°, 0.07 a t 29°, 0.10 a t 29.5 0, 0.13 at 30°,
0.20 a t 30.5 0, and 0.23 from  31.0 ° to  35.o°.

T h e results on nitrocellulose had been previously  cor
rected  for so lu b ility  of n itric .o x id e  in  sulfuric acid, th e
correction being based on th e difference betw een th e  found 
and calcu lated  values for potassium  n itrate. T  his correc
tion  am ounted to  ap p roxim ately  0.10 per cent and w'ould 
accoun t for abou t half th e  difference observed w hennitro- 
cellulose w as determ ined a t the tem peratures before cited.

T h e greater apparen t increase in nitrogen in p y ro xylin  
over potassium  n itrate  w ith  rise of tem perature can 
be accounted for on ly b y  th e p artial breaking up of 
th e  cellulose in to  carbon m onoxide and carbon dioxide.
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T h e form ation  of carbon dioxide has been p a rtia lly  
in vestig ated , th e conten ts of th e m easuring tu b e from  
determ in ations m ade w hen th e  tem peratu re w as over 
30° C ., h a vin g  been passed th rough  an absorption  
tu b e  filled w ith  barium  h yd ra te  solution. T h is m ethod

offers some difficulties, ow ing to the sm all q u a n tity  of 
carbon dioxide, the presence of w hich has been deter
m ined only q u a lita tiv e ly  th u s far. T h e exact m easure
m ent of th is gas and th e form ation  of carbon m onoxide 
w ill be in v estig a ted  later.

D u p licate  K je ld a h l determ in ations of th e sam ple of 
nitrocellulose determ ined a t v a ry in g  tem peratures 
were 0.09 per cen t below  the figure obtained  w ith  th e 
n itrom eter betw een  20° and 28°. T h is difference 
is w ith in  th e lim it of error of th e tw o m ethods.

L IM IT A T IO N S  OF N IT R O M E T E R

T h e n itrom eter gives results reliable w ithin  0.02 
per cent on n itrate  nitrogen, using 0.4 to  0.5 gram  
sam ple. I t  is n ot a vailab le  for th e determ ination  of 
nitrogen  in celluloid  or other substances contain ing 
carbon  ring com pounds which appear to p reven t the 
com plete liberation  of n itric  oxide in th e presence of 
su lfuric acid  and m ercury.

SU M M A R Y

B esides th e corrections for calib ration  and  stan d 
ard ization  of th e n itrom eter in  accordan ce w ith  tem p er
ature and barom eter, th e gas readings should be cor
rected  for so lu b ility  of n itric  oxide, w hich dim inishes 
when th e tem peratu re goes ab o v e  28° C ., and th e form a
tion  of other gases b y  th e  b reakin g up of th e cellulose 
m olecule w hich increases.

T h e fo llow in g ta b le  g ives th e a lgebraic sum  of these 
tw o  corrections for tem peratures ran gin g from  20° 
to 35° C .:

T em p. Cc. Tem p. Cc.
2 0 .0 -2 7 .5  + 0 .9 0  3 0 .0  — 0.14
28 .0  + 0 .7 4  30 .3  — 0.70
2 9 .0  + 0 .3 4  3 1 .0 -3 5 .0  — 0.94
29.5  + 0 .1 0

A r l i n g t o n  C o ., A r l i n g t o n , N .  J .

L A B O R A T O R Y  C O L U M N  S T IL L
B y  H .  K .  B e n s o n  

Received Septem ber 22, 1913

In  the descrip tion 1 of th e  equipm en t of th e  chem ical 
engineering lab o rato ry  of th e U n iv ersity  of W ash in g
ton , F ig. 9 of P la te  r shows th e location  of an alcohol 
still. D urin g th e  last year, th rough  th e kindness of 
a local m anufacturer, a w orking m odel of a continuous 
colum n still has been installed , w hich has g iven  ex
cellent results in operation.

T h e still, w hich is m ade of copper, consists essen tially  
of a preheater, p rim ary colum n and rectify in g  colum n. 
T h e general plan of construction  is show n in the sec
tional draw ing, F ig . x, and ph oto of th e in stallation ,

------------------    Steam Supply

i m

F ig. 1
Fig. 2. I t  has a to ta l cubic con ten t of 9.24 gallons, 
w ater m easure, and is cap able of producing from  2 to  
4 proof gallons of alcohol in 8 hours.

T h e  liq u id  to  be distilled  is fed  b y  g r a v ity  into  th e 
preheater from  sm all storage ta n k s. T h e heat is 
furnished in p a rt b y  the vapors from  th e  p rim ary col
um n and in p a rt b y  rad iation  from  w ater w hich has 
becom e hot in  th e rectify in g  condenser.

T h u s th e  hot liquid  enters the p rim ary colum n and 
is d ischarged on to  th e  double b oilin g cham bers where 
th e vo la tile  portions are va p o rized  w hile th e residues' 
pass dow n w ard th rough  a trap , or au to m atic  discharge. 
T h e vap o rs n ext pass into an enclosed ann ular ring 
in  th e preheater, th e heavier portions condense while 
th e  ligh ter pass over into th e  rectify in g  cham ber, 
are su b jected  to  repeated  condensation  and v a p o riza 
tion  and fin ally  con stitu te  th e high proof alcohol.

S team  is draw n from  th e h eatin g system , passes 
th rough  a superh eater and thence into  a pressure

> T h i s  J o u r n a l , 4 , 609 (1912).
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B IO C H E M IST R Y1
B y  C a r l  L .  A l s b e r g

I did n ot com e to  R ochester w ith  the intention of m aking 
a  speech, b u t find— I am sorry to  sa y — -that Prof. Cham bers 
expects m e to  talk. H e m ade the request— or, shall I say, 
dem and— as w e cam e to  this room. I find th a t I  am driven to 
the usual refuge of those w ho h ave  to  speak when th ey  would 
rather be silent— th at is, I w ill take refuge in the history of m y 
subject.

T his su bject has, I think, some general interest because orig
in ally  no v e ry  definite distinction w as m ade betw een biochem 
istry  and an y  other kind of chem istry. One of the first real 
biochem ists w as Lavoisier, w hom  all m atter, whether living 
or dead, interested. H e perform ed the first calorim etric experi
ments. H e w as the in ven tor of the ice calorim eter, and showed 
th a t anim al h ea t w as the result of oxidation. A ll the chem ists 
of th a t generation, and the im m ediately succeeding one did 
biochem ical w ork. I need on ly cite Liebig, who is perhaps 
in som e w a y s the greatest of all biochem ists. U nfortunately, 
abou t th e la tter p art of L ieb ig ’s life  chem ists lost interest in 
biochem istry. T h is w as due v e ry  largely  to the sudden and

1 C hairm an’s address, Biological C hem istry Section, 48th meeting, 
A. C. S., R ochester, Septem ber 8-12, 1913.

trem endous developm ent of organic chem istry, w hich w as 
brought abou t b y  the discoveries of men like H ofm ann and 
K ekule. I t  w as so easy to  m ake new  syn th etic substances, 
and th ereby gain a  sort of im m ortality, even though the main 
result of p u ttin g a chlorine atom  here and a brom ine atom  there 
w as to fill up Beilstein. In  consequence, thoroughly trained 
chem ists did not busy them selves w ith  subjects th a t w ere really  
im portant in the elucidation of th at m atter which is found in 
liv ing organisms, and which form s the physiological basis of 
life. T h e scientists in  biology and medicine needed such in
form ation. T h e chem ists did n ot give it to  them . C onse
quently, physicians and physiologists w ho were ill-equipped for 
chemical research w ere forced to carry  forw ard the w ork of b io
chem istry. T hough the net result of their w ork m ade de
cidedly for progress, on ly too often it  created confusion and 
artificial difficulties. E ven  the best biochem ists of those d ays 
m ake us wonder w h y  th ey  did n ot pursue their chem ical in vesti
gations as far as the chem ical m ethods of th a t d a y  w ould per
m it. T he answer is, I  th ink in m any cases, th a t th ey  w ere not 
real chem ists b u t physiologists w ith a  chem ical veneer. F o r
tunately, this has been changing during the past decade, largely 
owing to  the w ork of E m il Fischer. W hile w e recognize in him 
a  m aster of chem ical technique, we m ay be certain  th a t in a 
measure, a t any rate, th e preem inent position which he occupies

regulator. F or experim ental w ork dealing w ith  th e AN IM PRO VED LABO RATO RY BURNER
p roduction  of e th yl alcohol from  sulfite w aste liquor By Chas p Fox

Received Septem ber 16, 1913

In  laboratories where air currents are troublesom e, 
a cylin drical w ind shield, independent of th e burner, 
is often  em ployed. For use w ith a n y  of th e com m on
typ e s of lab o rato ry  burners, 
in the accom p an yin g p h oto
graph is m uch more con
venient.

I t  consists of an in verted  
sheet m etal cone 5 inches 
long, 2 inches in diam eter 
at b ottom , and 3 inches at 
top, and supported  b y  a
3-arm ed fram e a ttach ed  to 
the burner tube.

B y  m aking the support 
sufficiently rigid  th e trian gle 
holding the crucible in ash 
determ inations and the 
gauze when heatin g sm all 
beakers m ay be placed 
d irectly  across th e top of 
the shield.

the atta ch m en t shown

F ig . 2

and of m eth yl alcohol m ixtures su itab le for denaturing 
purposes, a steam  pressure of less th a n  5 pounds was 
foun d efficient.

L a b o r a t o r y  o p  I n d u s t r i a l  C h e m i s t r y  
U n i v e r s i t y  o p  W a s h i n g t o n , S e a t t l e

A n y  tin sm ith  can fashion and atta ch  the shield, 
using for th e 3-arm ed fram e an ordin ary  chim ney 
support (E. & A ., No. 2613 or Sargent, No.
1080).

T his ty p e  of burner, as im proved, has been found 
v e ry  useful in ligh t lab o rato ry  w ork. T h e im p rove
m ent has been in use several years and, as fa r as 
know n, is original.

A k r o n , O h io
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am ong the chem ists of his tim e is due to his clear conception 
of the really  m ost im portant w ork in organic chem istry along 
biochem ical lines. F ortu n ately , more and more organic chem 
ists are following in his footsteps, and are devoting their atten 
tion to  substances which occur in liv ing things. I  wish here to 
m ake a plea for more of this sort of w ork in A m erica. I believe 
th a t the rewards and recognition for knowledge o f chem istry 
applied in biochemistry' are great, because the w ork of the bio
chem ist w ill be applauded n ot m erely b y  chemists, b u t also 
b y  zoologists, botanists and physicians. A  biochem ist has 
a w ider audience because his w ork presents a  more general ap 
peal th an  the w ork of organic chem ists upon such subjects as 
dyestuffs and the like. F urther, I wish to  point ou t th e valu e 
of instruction in allied subjects. N o t every  organic chem ist 
can  successfully a tta ck  all biochem ical problems. Besides 
his organic chem istry, other experience in physiology, and above 
all, experience in dealing w ith substances which do n ot crystallize  
is necessary. In  m any cases it  is difficult to  conduct biochem ical 
research because th e biochem ist m ust v e ry  frequently begin 
w ith  the sm ears, w hich the organic chem ist consigns preferably 
to the slop jar. W hile the things which w ill n ot crystallize 
interest the organic chem ist less, th ey  are the v ery  classes of 
substances w ith w hich the biochem ist m ust deal. G reat care, 
great patience and a know ledge of colloids are required of the 
organic chem ist w ho wishes to  w ork in biochem istry, b u t I 
feel confident th a t th e reward for such men is great, n ot m erely 
in pure science, b u t also in the industries and in the arts.

T h e  history of biochem istry in A m erica is sim ilar to  th a t 
abroad. In  A m erica it developed first in the seventies and eighties 
in the m edical schools of the country; and, a t  th a t time, it  w as 
controlled b y  physicians and physiologists abroad. T h e  su b
je c t  w as narrow ed to the consideration of biochem istry as affect
ing the life  of m an; th at is to  say, the chem ical side of physio
logical processes of the hum an bo dy together w ith  such con
siderations of bacteriological chem istry as affect m an in health 
and in disease. T h is phase of biochem istry is cared for very  
adequately and accep tab ly  b y  th e Am erican Society  of B iological 
Chem ists, the first biochem ical society to  be form ed in A m erica.

T h e phases of biochem istry w hich the A m erican Chem ical 
S ociety  can v ery  n aturally  expect to encourage are quite dis
tin ct from  the aim s of the A m erican Society  of B iological C hem 
ists. O ur usefulness will include the biochem istry affecting 
agriculture, phytochem istry in particular, and such industrial 
processes as are based upon biochem ical reactions. F or ex
am ple, the more exact stu d y  of the chem ical com position of 
fruits, grains, and food products. I t  m ust be adm itted that, 
a t present, w e know  on ly those chem ical substances occurring 
in considerable am ounts in such im portan t grains as w h eat and 
corn. T h e m inor constituents in grains of m uch im portance 
h ave not been identified w ith  exactness. I f  w e consider grains of 
less im portance even this degree of knowledge can n ot be claim ed.

Some of our m ost im portant modern industries, like those 
dealing w ith  starch, artificial fabrics, leather tanning m aterials, 
glue and gelatin, m eat packing and the flour m illing industry 
require biochem ists, and w e are now training men to deal w ith 
such practical problems.

If our society confines itself to  the activ ities already m en
tioned, there still rem ains a wide field of biochem istry uncared 
for, th e biochem istry of the lower anim als. T h is  part of the 
biochem ical w ork w ill becom e a  part of the w ork in the zoological 
societies of the country. M y  view  is th at three societies of 
biological chem istry can well exist in A m erica w ith o u t com peting 
in a n y  w ay, each one caring for a  specific need. These would 
include the biochem istry of the higher anim als and its ap p lica
tion to  m edicine; the biochem istry of the lower anim als; and 
biochem istry in its application  to  plants, agriculture, and the 
industries.

B u r e a u  o f  C h e m i s t r y  
W a s h i n g t o n

TH E  PR O G R A M S F O R  TH E SECTIO N A L M E E T IN G S OF 
TH E AM ERICAN  CH EM ICAL SO CIE TY 

A SU G G E ST IO N 1
B y  B e r n h a r d  C. H e s s e

Suddenly confronted w ith  the m ajor responsibility for the 
program s for the nine m eetings of the N ew  Y o rk  Section of the 
Am erican C hem ical S o ciety  for the current session, the question 
as to  w h a t results are to  be aim ed a t took sharp and definite 
form in m y  mind.

T h e  answer to  th a t question, as nearly as it can be arrived 
a t  b y  observation  of mem bers of the audiences a t these m eetings 
and b y  interrogation of a  num ber of them , can never be a n y 
th ing b u t a  generalization or a  num ber of generalizations, 
w hich appear to be abou t as fo llow s:

1. W e com e to these m eetings to  hear a good, liv e ly  discussion 
and n ot to  listen to a  catalog o f an alytical results or num erical 
constants or detailed experim ents. F in al, conclusive and gen
eralized results are w h at w e are after.

2. Discussion, in order to  be lively , should be prepared in 
advan ce and every  one should h ave  an op p ortun ity to  becom e 
acquainted w ith  the general trend of the papers prior to the 
meeting.

3 . Extem poraneous discussion too often leads v e ry  far afield 
and the real points of th e paper read and in issue are n ot touched 
upon.

4. T h e  m eetings are too long and of too uncertain  duration.
T h a t these generalizations have a foundation in fa c t becam e

evid en t b y  a  num ber of w alks through the various room s of 
this building during m eetings of this and of other societies. 
I t  is a safe estim ate th at, in general, there w ere quite as m any 
men in the foyer, in the social room  and in th e restauran t as 
there w ere in  the audience in R um ford H all. T hose on the 
outside frequen tly  com prised a  num ber of men who were emi
n en tly  fitted  to discuss the papers presented; on inquiry as to 
w h y  th ey  were n o t in R um ford H all th e general answer w as 
to  th e effect th a t th ey  were w aitin g for th e conclusions to  be 
stated and then  th ey  m ight have som ething to  say; no sittin g 
through the reading of the d ry  details for them ! Follow ing 
up some of these individuals, it  turned ou t th a t although th ey  
w ere present w hen the final conclusions of the papers w ere 
stated  y e t  th ey  said nothing in the discussion and the explana
tion given  w as th at while th ey  did not agree w ith  the conclusions 
stated  y e t  th ey  had n ot their m aterial in such condition as 
to  use it  w ith convincing effect; generally th ey  indulged in dis
paraging rem arks of w h at little  discussion had taken  place; 
in not a  few  cases som e have rem arked th a t if th ey  had on ly 
know n the d ay before w h at so-and-so w as going to  sa y  th e y ’d 
have loaded for bear, and shot so-and-so’s conclusions as full 
of holes as a sieve. M ak in g  due allowance for a  little  bragga
docio th ey  p robably m eant th a t under those circum stances 
th ey  m ight have m ade a  creditable opposition showing. T h e  
crucial question, how ever, is: “ W ould th ey ?”

I t  is a  fact th a y  m an y of our m em bers reside a t  a distance and 
it is im perative for them  to leave the C hem ists’ B uild ing before 
a  definite tim e, say  1 0 . 3 0  p .m ., in order th at th ey  m ay n ot be 
und uly delayed in their arrival home. E v e ry b o d y  knows 
th at once a com m uter’s m ind is on his train  his m ind is not 
on m uch else and p articu larly  n ot on the su bject m atter of the 
paper; the fact is th a t he is anxious to  h ave  the m atter over 
w ith  so th a t he can have a m om ent’s ch a t w ith  som e particular 
person in the audience and as lik ely  as not, th a t particular per
son is n ot a t  th a t tim e in a n y  particular hu rry to  leave and com 
m unication w ith  him  in the m eeting-room  is, to  sa y  the least, 
aw kw ard  and em barrassing, if n ot unfeasible. T h e  unavoidable 
result needs no further p ortrayal here. W e h ave probably 
each and all of us been through th a t experience.

1 C hairm an’s address a t  th e  O ctober 10th M eeting  of th e  New Y ork 
Section of the  A. C. S., T he  C hem ists' C lub, New York.
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T his is not a com plete statem en t of the problem nor of the 
facts b u t it  p robably contains the essentials and the salient 
points of both  and w ill answer for a w orking basis for the con
sideration of a plan of action which m ay be capable of overcom 
ing some of the defects ju st noted.

It is becom ing more and more the practice a t  the large m eet
ings o f a  num ber of technical and scientific societies to have 
the papers to  be read a t those m eetings printed and distributed 
to  the mem bers in advance of the m eetings. T his plan tends to 
m inim ize these defects, a t a n y  rate. I f  now, the author were 
to be lim ited to  a  few m om ents to  recapitu late in a few words 
the m ost im portant essentials and the debatable points in lieu 
of reading the entire paper and if one or more members could 
be induced to  prepare a set and carefully  worded discussion of 
such papers as lend them selves thereto also in advance of the 
m eeting, the w a y  seems to  be open to  com plete overcom ing of 
the foregoing defects if only the auditors will then do their part 
and critically  think the su bject m atter over and properly fortify  
and equip them selves in advan ce of the m eeting. If discussions 
under those circum stances be n ot liv e ly  and short and to the 
point as w ell as interesting and useful such failure must then 
He in and be inherent to  the su bject m atter, itself.

O f course, for sectional m eetings the expense of printing the 
papers in advance is prohib itive; to  base the program upon 
articles appearing in our own journals and of fairly recent date 
seems as though it should be feasible; a t an y  rate, th at is the sug
gestion I am  now  m aking, th a t sectional m eetings could, w ith profit 
to  all, be based, in p art a t a n y  rate, upon one or more papers 
in recent num bers of our own journals and th at one or more 
persons be in vited  to  prepare a set discussion of such papers 
as lend them selves thereto, b u t in all cases such discussion is 
to be opened and closed in the briefest m anner possible b y  the 
author or perhaps b y  some one the author m ight choose to  desig
nate. A ll w ho atten d w ill have had opportun ity to acquaint 
them selves in advance w ith  the nature of the comm unication 
and its m ain points, conclusions and contentions.

M ak in g this plan effective w ill put a  greater share of re
sponsibility on the audience and in  view  of the leth argy of the 
hum an being the all-im portant question is: "W ill the audience 
do its share?”

F or a tim e I was tem pted to  try  this plan out during the pres
ent session, b u t having on ly recen tly  had considerable and 
w eigh ty proof of th e enorm ous inertia of the human mind in 
the accepta .ce of a  new order of things, I have refrained from 
such attem p t and have contented m yself w ith  bringing m y 
th ough t to  you r atten tion  in this m anner in the belief th at if 
it corresponds in an y  degree to an y  real existing need th at this 
Section can  be depended upon to take such action in the premises 
as the m erits seem to w arrant.

9 0  W i l l i a m  S t r e e t  
N e w  Y o r k  C i t y

EM PIR ICA L R EQ U IREM EN TS IN A SPH ALT SPECIFICA
TIO N S

B y  L e r o y  M . L a w  
Received October 1, 1913 

IN T R O D U C T IO N  

T h e purchase of m aterials under specifications is a practice 
th at is daily  becom ing more general. I t  is a  natural outgrow th 
of the system atic  stu d y  of one’s requirem ents and the scientific 
developm ent of products to m eet them . T h e practice has reached 
its present broad application and usefulness largely through 
the aid of the chem ist and it is in the interest of chem ists engaged 
in bitum inous w ork th at this paper is prim arily written.

U nder ideal conditions, purchasing under specifications is 
beneficial to both consum er and producer. T h e form er is 
enabled to  state  in precise term s his exact requirem ents in the 
w a y  of m aterial needs. T his establishes qu ality  and, as a result,

all competitors are placed upon an equal footing and competi
tion resolves itself into the real objective, competition in price 
alone. To a producer, it means first of all that he is given an 
equal chance with others in the trade, and as all deliveries arc 
to be rigidly inspected, he feels safe that another dealer cannot 
submit a profitless price in the hope of furnishing an inferior 
article.

T h e m utual understanding or, to  use the definition of contract, 
the "m eetin g  of m inds,’ ’ is brought about through the agency 
of the specification proper and it is, therefore, h ighly  im portan t 
th at this feature should receive serious consideration. Its 
prime object is to define the requirem ents in term s w hich per
m it of ready interpretation, avoiding all possible uncertainties 
which m ay give rise to  disputes under the contract. T his point 
is v ita l and really  forms the foundation o f this great system , 
y e t even in some of our most elaborate specifications its im portance 
is frequently neglected. In  m any of the early  typ es we have 
seen such requirem ents as “ T he m aterial m ust be A . B. C . 
brand or equal th ereto ”  and “ the m aterial shall have given 
satisfactory service under sim ilar conditions for such a period 
of tim e.”  W ith  such crude clauses specifications fail of their 
purpose for the actu al requirem ents are a t  best but vagu ely 
stated and the producer has no w a y  of ascertaining if his wares 
are “ equal t o ”  or h ave  “ given satisfactory service”  in the 
judgm ent of the person w ho review s the bids and m akes the 
award.

Such conditions especially unfair to the manufacturer are 
rapidly disappearing, yet to-day in many of the so-called scien
tific specifications, the adoption of requirements based on arbi
trary methods of analysis has placed the honest producer in an 
equally uncertain and embarrassing position. It is to three 
such requirements which have gained and still hold surprising 
popularity in many current bituminous specifications that I 
now invite your attention.

D IS C U S S IO N

The first stipulation of this character to be mentioned is that 
limiting the so-called “ fixed carbon” and it is indeed difficult 
to understand just how this requirement even secured a foot
hold in asphalt specifications.

Fixed carbon is a test stolen from fuel chemistry, where it 
serves to indicate the coke remaining after the gaseous constit
uents have been removed by heating the material, with exclusion 
of air, under prescribed conditions. Those who have had any 
experience in fuel work whatever know full well that this test 
is purely empirical and that the variations among different 
operators, especially in different laboratories, is often con
siderable.

A  com m ittee of the A m erican Chem ical Society gave consider
able stud y to the m atter some years ago and in 1899 recomm ended 
the procedure1 th at is now followed in conducting this determ ina
tion. I t  is to be understood however th at this m ethod is n ot 
applicable even to  some fuels like the lignites w hich are very  
prone to spark. H ow much more inapplicable then w ill the 
m ethod be to  softer m aterials like the asphalts and road oils 
which have also the disagreeable tendency of foam ing out of 
the crucible a t certain  stages of the heating?

Chem ists should know th at c ity  illum inating gas, the source 
of heat, varies in different localities; in fact in some cities the 
com position is entirely different from th at in others, hence a 
variation  in heat, to sa y  nothing of the difference in typ e  and the 
condition of burners em ployed. It has also been found th at the 
degree to  which the platinum  crucible is polished has also an 
effect on fixed carbon results and there are doubtless other sources 
of variation  not as y e t discovered.

The point is that asphalt chemists who advocate such re
quirements in their specifications, fail to realize these features

1 J . Am . Chem. Soc.. 21, 1116.
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and their resulting effect on the lim itations of accuracy. Field- 
11 ex,1 of the U . S. B ureau  of M ines, in speaking of the fixed carbon 
test, m akes the following statem ent in regard to  coal and w h at 
he says in regard to  coal is equ ally  applicable to  th e fixed car
bon in asphalts for the sam e procedure is used w ith- both 
m aterials:

" T h e  volatile  m atter and fixed carbon represent the relative 
proportions of gaseous and solid com bustible m atter th a t m ay 
be obtained from the coal b y  heatin g it  in a  closed vessel. T his 
is done b y  heating a finely powdered sam ple in  a sm all, covered 
platinum  crucible, in  the flam e of a  Bunsen burner or M éker, 
burner for exa ctly  seven minutes. T h e  volatile  m atter consists 
m ain ly  of th e com bustible gases— hydrogen, carbon monoxide, 
m ethane, and other hydrocarbons and some non-com bustible 
gases such as carbon dioxide and w ater vapor. T h e  volatile  
m atter does not include w ater present in the coal as m oisture 
a t  105° C . (2 2 10 F .).

“ T h e residue of coke le ft in the crucible a fter deducting the 
ash is reported as ‘fixed carbon.’ T h e 'fixed carbon’ does not 
represent the to ta l carbon iii the coal, as a portion of this ele
m en t is driven  out in com bination w ith hydrogen in the volatile  
m atter; furtherm ore, ‘ fixed carb o n ’ is not pure carbon, bu t 
still contains several tenths per cent each of carbon, hydrogen, 
and oxygen; from  0.4 to 1.0 per cent nitrogen; and abou t half 
the sulfur th a t w as in the coal. I t  should be clearly  under
stood th at th e term s 'v o la tile  m a tter ’ or 'v o la tile  com bustible 
m a tte r ’ and 'fixed  carb o n ’ do not represent any definite com 
pounds w hich existed in the coal before heating. T h e  m ethod 
of determ ination is purely arb itrary  and variations of tem pera
ture and rate of heatin g w ill cause variations am ounting to 
several per cent; even w ith  a  strict adherence to the m ethod 
recom m ended b y  the A m erican Chem ical Society, variations 
of three and four per cent in both the volatile  m atter and fixed 
carbon m ay occur in different laboratories. One of the m ost 
prom inent factors in causing variations is the tem perature at 
w hich the crucible is heated.”

" I t  is especially pronounced in anthracite and sem i-bitum inous 
coal. I t  is n ot im probable for one laboratory to  report 4 per 
cen t and another 7 per cent volatile m atter 011 the sam e sam ple 
o f anthracite, or 14 per cen t and 17 per cent, respectively on the 
sam e sam ple of Pocahontas coal. T h e  different percentages 
o f volatile  m atter were a ctu ally  produced b y  different condi
tions of h eat treatm ent. C au tion  m ust, therefore, be observed 
in m aking com parisons of the volatile  m atter and ‘ fixed carbon’ 
in proxim ate analyses m ade in different laboratories. E ven  
determ inations m ade a t the sam e laboratory b y  the sam e analyst 
m a y  v a ry  to  th e exten t of 0.5 per cen t.”

I f  such w ide variation s do occur w ith  coals w hat, then, should 
w e expect w h en  the m ethod is applied to  so ft asphalts and even 
oils?

As a chemist of one of the large asphalt companies, I have 
observed this fixed carbon requirement enforced to extremes 
and yet to no purpose or benefit to the consumer. The yield 
of fixed carbon cannot be controlled in the process of manufac-

R is s u i/ r s  o n  F i x e d  C a r d o n  ( P e r c e n t a g e s )

Sam ple No. 213 215
L abora to ry  A ........................  12.00 17.4
L abora to ry  B ........................  13.62 16.85
L abora to ry  C ........................  10.91 13.13
L abora to ry  D .......................  12.52 17.54
L abora to ry  E ........................  12.63 17.20
L abora to ry  F ........................  17.10 22.00

ture, unless through gross carelessness in coking m aterial. 
In  th is case, the defects w ill be shown far more accurately  b y  
increased insoluble m atter in the various reagents em ployed 
in bitum en analysis.

Som e w eeks ago the w riter prepared tw o sam ples of bitu- 
* T h i s  J o u r n a l ,  5 ,  2 7 0 .

minous material of different consistencies, dividing each sample 
into several portions. These were sent to several laboratories 
to make the fixed carbon tests. The operators selected were 
not those of the usual commercial laboratories, but chemists 
who are especially qualified and equipped for asphalt work, 
and regarded as our foremost experts in this branch of the pro
fession. The tabulated results of their work are shown in the 
accompanying table.

Inspection of the figures shows a variation  in fixed carbon on 
the sam e sam ples of over 6 per cen t in one case and n early  9 
per cen t in the other. W hen experienced operators such as 
the above differ b y  these am ounts on identical samples, is there 
a n y  w onder th a t w ith  chem ists generally, the variations are 
even greater? I t  is to  be regretted th a t chem ists do not stud y 
the valu e  of these tests before incorporating them  in their speci
fications and extend to good m aterials and their honest m anu
facturers a ju s t consideration. I f  fixed carbon in B altim ore 
is different from  fixed carbon in P ittsburgh  and, if in a n y  one 
place the results are to v a ry  from  d a y  to  day, w h a t possible 
valu e can the test have as indicating the valu e  of a  m aterial? 
Furtherm ore, how  is the m anufacturer to  test his products in 
every  consum er’s laboratory, to  ascertain  conditions prevailing 
in each of them?

Some days back it was our misfortune to have a shipment of 
asphalt rejected, because the fixed carbon as determined in the 
customer’s laboratory ran from one-tenth to three-tenths in 
excess of the prescribed limit- I had previously tested the batch 
from which this shipment was made, and found the fixed carbon 
considerably below the requirements of the specifications. 
Think of a scientist holding up a material on such a narrow margin 
as this, when even the most precise chemical methods are seldom 
within this limit of accuracy, especially as carried out in ordinary 
commercial testing! An absurd feature of the case is that an
other carload from the same batch was accepted as meeting 
the requirements, the inspecting chemist doubtless being un
conscious of the variation he was experiencing in his own lab
oratory.

B u t I leave the su bject of fixed carbon to pass to  another 
em pirical requirem ent of still greater uncertainty, i. e., the 
so-called paraffin determ ination.

This procedure is supposed to show the amount of hard or 
"sca le ”  paraffin present in the material and is, therefore, con
sidered to be an index as to its liability to crack in cold weather 
or granulate with age. The general procedure employed in this 
determination is doubtless familiar, consisting of distilling the 
material rapidly down to dry coke and collecting the distillate. 
T he latter is then weighed, an aliquot portion removed, dissolved 
in alcohol-ether, chilled and the crystallized scale filtered off, 
dried and weighed. M any specifications prescribe that the 
scale shall not exceed a  certain figure, yet few of them prescribe 
their modifications in detail. The results are that each customer 
performs the test in the manner most agreeable or convenient 
to himself, and the manufacturer has to stand for the whims 
and modifications introduced.

U su ally  th e test is conducted in a  glass retort, y e t some 
operators substitute in its stead an iron one. T h a t this m ay 
influence results m atters little, so the m anufacturing chem ist 
m ust v is it  all these laboratories to  becom e fam iliar w ith  each 
chem ist’s details, return and endeavor to  duplicate con
ditions.

D ow  and S m ith ,1 using an iron vessel, show the effects of differ
ent rates of heating, ty p e  of condenser, etc., and furtherm ore, 
express the belief th a t a t  certain  heats so ft paraffins m ay be 
converted into the scale form . In  the face of these experim ents 
and opinions w e h ave chem ists w ho insist th a t the higher the 
paraffin scale obtained the more accurate the m ethod, their

1 Engineering News, June  8, 1911.
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claim being that "y o u  can not get out more than there is 
in it.”

In an effort to learn something as to the paraffin test as 
generally applied, the six laboratories who replied to the fixed 
carbon inquiry were also asked to determine paraffin scale 
in the same samples. They did so with the exception of one 
laboratory which for reasons not stated, declined to make the 
determinations. I trust that laboratory E realizes the unscien
tific status of the paraffine scale test and it was this realization 
that prompted them to decline to report on the subject.

R e s u l t s  o n  P a r a f f i n  S c a l e  ( P e r c e n t a g e s )

Sam ple No. 213 215
L abora to ry  A ........................  3 .6  2 .8
L aborato ry  B ........................  0 .1 0 1 1.58
L abora to ry  C ........................ 2 .7  1.49
L abora to ry  D ........................ 1.21 1.25
L abora to ry  E . . . . . .........................  . . . .
L abora to ry  F ........................  4 .13  3 .04

1 M aterial foam ed considerably. A nalyst is of opinion th a t there 
is 110 accurate  m ethod and results are only approxim ate.

The above results tend to make a laughing stock of the pro
fession and are printed only with the hope that asphalt chem
ists m ay soon get together and study or eliminate these em
barrassing subjects.

Our company is furnishing a certain material to one customer 
who limits paraffin to one per cent. From him we have had 
no complaint whatever, yet the same material is ineligible under 
another specification having been reported to contain paraffin 
in excess of four per cent. I ask you candidly which chemist 
is right, and what is the manufacturer to do under such con
flicting evidence?

T urn in g now to  a  third requirem ent of questionable scientific 
value, and non-indicative of either q u ality  or service results, 
I  call atten tion  to  a requirem ent in m an y road oils and binder 
specifications w hich states th at the m aterial at, say, 50 penetra
tion, shall h ave  a  specified minimum du ctility . T h e idea is 
th a t the bitum en shall possess adhesiveness, a qu ality  best 
shown b y  the d u ctility  test and b y  concentrating to  50-penetra
tion, the standard consistency for this d u ctility  test, all materials 
are brought to  a  uniform  basis of comparison.

T h u s far, the idea is sound b u t the m ethod of concentration, 
the a ll-im portant feature, is sad ly  and ignorantly neglected. 
Som e chem ists in a  blind a ttem p t a t  conserving ductility, stipu
late  th a t during concentration, the tem perature shall not ex
ceed, sa y  4000 or 5000 Fahrenheit. Others provide for "o c ca 
sion al”  stirring, b u t generally th ey 'n eg lect the essential feature 
in asph alt treatm ent, nam ely th e agitation. In  hardening the 
softer asphalts, agitation  p lays if anything, a  far more im portant 
role tow ard conserving d u ctility  th an  does the mere restriction 
of tem peratures. M y  interview s • w ith  inspecting chemists 
relative to  this test, show th at th ey are uniform  only in follow
ing “ no regular procedure.”

Som e of them  use heat test residues w hich b y  accident have 
ju st reached 50 penetration or again  this residue treated to a 
further heatin g on a h o t plate or in an oven to  obtain the desired 
consistency. Others concentrate th e m aterial from an oily 
state  to  asph altic  consistency in a  single operation, either on 
a  ho t plate or in an oven, w ith  or w ithout agitation as suits 
their fan cy  and the m anufacturer m ust ascertain and duplicate 
in his laboratory all of these eccentricities to  find out the 
chance his m aterial has of passing a so-called scientific speci
fication.

On one occasion the w riter subm itted  to a prospective cus
tom er a  series of asp h alt products v a ry in g  in  consistency from a 
m altha down to  an asph alt cem ent. These w ere tested b y  the 
inspecting chem ist w ho passed the harder m aterials, b u t re
jected  the softer ones, as absolutely  lackin g in d u ctility  when 
reduced to  50 penetration.

The chem ist allowed me to look over his results, and I ob
served th at w ith  the m aterial requiring the least concentrations 
he had secured the highest d u ctility  and in case of the fluid 
m aterial requiring the greatest concentration to reduce it to 
50 penetration, p ractically  no d u ctility  w as obtained. A ll 
of the products were from the same prim ary m aterial, the m altha, 
the harder ones being produced b y  refinery operation which 
neither he nor any one else could duplicate in the evaporation 
tins of the asphalt laboratory.

In the instance cited, the chem ist’s process was undoubtedly 
one destructive to  du ctility  for the longer the heating required 
to  reach 50 penetration the low er the du ctility  of the product. 
T h e individual in question avoided the issue b y  deciding th at 
to  his mind the test represented service conditions where no 
agitation  of the m aterial took place. And so I m ight go on w ith 
a num ber of other requirem ents w ithout theoretical or practical 
significance, b u t w h y  take up tim e or space?

Suffice it to  say th at such clauses as fixed carbon, paraffin 
scale, etc., in their present em pirical state  and coupled with 
a narrow and rigid interpretation are not only a discredit to  the 
profession, b u t destroy the valu e of a  sincere specifi
cation.

I t  has ju st been stated th a t the principle object of the specifica
tion is to  la y  before the m anufacturer in a  clear, concise manner 
the requirem ents th at are to  be met. W hen he is unable to 
interpret these w ith  a  reasonable and standard equipm ent, the 
purpose of the specification fails.

C O N C L U S IO N

T h e rapid developm ents in bitum inous highw ay w ork during 
recent years has been accom panied b y  an accum ulation of 
inspection methods, desirable and questionable ones springing 
up together and the m an y youn g chem ists in this field of w ork 
doubtless look upon them  as methods of established, scientific 
value. O ther chem ists w ith only tim e for routine w ork of test
ing become advocates of such requirem ents as th ey m ight other
wise suppress. Furtherm ore specifications of one c ity  or m unici
p a lity  are frequently copied from those of another w hich pre- 
sum ingly from  a longer experience in bitum inous w ork is looked 
upon as a criterion in such m atters.

A n d so b y  these and other unstudied procedures our asphalt 
specifications have been brought to this present em pirical con
dition, and the tim e is a t hand for chem ists in this branch of 
the science to  cooperate in weeding out the tangled field of 
laboratory methods.

N o  one chem ist should, and no true scientist will, decide 
th at check results in his own laboratory establish the reliability 
of a test or m ethod of analysis. Such is a t  least to  be expected.
A  true scientist w ill endeavor to ascertain w h at the procedure 
shows in the hands of others, presuming, of course, average quali
fications in experience and skill.

I f  as a result of such stu d y  fixed carbon, paraffin, etc., are 
found to  be of value, then it w ill be of interest to  all concerned 
to  adopt definite procedures and agree on the lim itations of 
accuracy. I f  th ey cannot be developed into real scientific 
methods, capable of yielding concordant results in the hands 
of all qualified chemists, then th ey  should, b y  m utual consent, 
be abandoned. In  their present em pirical condition th ey  can 
not be of any possible assistance in determ ining the quality  
or even the uniform ity of a product, but on the other hand, 
their em ploym ent frequently works injustice to  valuable 
materials.

U ntil the status of these tests is better established w ould it 
be any more than fair to the m anufacturer to om it such require
m ents from bitum inous m aterial specifications?

L a b o r a t o r y  U. S. A s p h a l t  R e f i n i n g  Co.
E a s t  B r o o k l y n , B a l t i m o r e , M d .
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S U L F IT E  W A S T E  L IQ U O R  P R O B L E M S

Paper for N ovem ber 12, 1913 reports th at in the m anufacture 
o f chem ical woodpulp b y  the sulfite process, half of every 
cord so treated is dissolved b y  the liquor in w hich the wood is 
boiled, and is discharged into the adjacent rivers as waste liquor. 
A ccording to  the latest bulletin on pulpwood, issued b y  the 
F orestry  B ranch, O ttaw a, the am ount of pulpwood su bjected  to 
th is chem ical treatm ent in 1912 w as alm ost 290,000 cords. H alf 
o f this am ount was absolute waste. T he average price of a  cord 
o f pulpwood is six dollars, so th at this waste, reduced to  its 
m oney equivalent, represents a  loss to  C an ada of over $800,000.

N o r is this the only loss, for b y  this process 140 pounds of 
su lfur arc required to  dissolve the waste m aterials out o f each 
cord of wood. Some of the gases generated in the process are 
recovered, bu t m ost of the sulfur passes off in the waste liquor, 
and no m ethod has y e t been found to recover it for use a  second 
tim e. Sulfur costs tw enty-five dollars a  ton, and the loss in 
this particular is equ ivalen t to a m oney loss of over half a 
m illion dollars on the to ta l am ount wasted.

In v iew  of the fact th a t each year more and more pulpwood 
is being m anufactured into pulp b y  this process in C anada, the 
utilization  of this w aste liquor becomes an im portant problem. 
E ven  the m ost practicable m ethod so far devised does not re
cover enough valu able  products to  m ake it pay.

T h e  waste liquor contains m any m aterials, such as oxalic acid, 
tannin extracts, dyestuffs and alcohol constituents which, if 
th ey  could be easily recovered, would m ake the liquor of great 
com m ercial valu e; but in spite o f the trem endous am ount of 
w ork has been done on the subject, especially in Europe, the 
problem  still rem ains for the m ost part unsolved. A s the liquor 
also contains carbohydrates, it should be possible to  obtain  tu r
pentine, and even tu ally  it m ay be possible to obtain  rubber from 
it. In  furthering the solution of such problems and in elim inat
in g other form s of wood waste, the new Forest Products Labo ra
tories being established b y  the D om inion G overnm ent a t M cG ill 
U n iversity  w ill doubtless p la y  an im portant part.

One use of the w aste liquor m entioned above, th at has been 
tried  a t  G ran d ’ M ère, Quebec, where the Laurentide C om pan y 
has large pulp and paper mills, consists in its utilization  for 
street-w atering. E xperience has shown it  to  be as efficacious in 
keeping down dust as oil is, while the objectionable odor of oil 
is absent.

N IC K E L  A  B Y -P R O D U C T  IN  T H E  U N ITE D  S T A T E S

T h e Geological S u rvey  reports th at there are no producing 
nickel mines in the U nited States. T h e  output of nickel from 
dom estic ores is m erely a  by-product from electrolytes of the 
copper refineries. S alts and m etal equivalent to  328 short tons 
o f m etallic nickel were saved in dom estic refineries in 1912 from 
bo th  foreign and dom estic ores. N ickel ore, "im ported for con
sum ption,”  is mostly, from the Canadian deposits.

P R A C T IC A L  C O N S ID E R A T IO N S  A F F E C T IN G  C H O IC E  O F 
T H E R M O M E T E R S  IN  IN D U S T R IA L  P L A N T S

In The Institution o f Mechanical Engineers, W hipple points 
ou t th a t questions of first cost, up-keep, etc., m ust be considered 
in th e selection of therm om eters for either high or low tem 
peratures.

A s a  rule the tem peratures found throughout a steam  plant 
m a y  be taken w ith  m ercury therm om eters, sockets, or m ercury 
cup s being placed in the steam  pipes into which the m ercury 
therm om eters arc placed. On the other hand, it is frequently 
troublesom e to  read the im portant therm om eters in the plant,

and th ey  often go unread. T h e  therm om eter a t the foot of the 
sm oke stack, and the one on each side of the econom izer, although 
givin g valu able  inform ation as to the efficiency of the plant, 
are frequently unnoticed. F o r this reason it  is advisable to 
install resistance therm om eters, which can be easily read 011 a 
galvanom eter mounted- in the boiler or engine house. W hen 
dealing w ith  high superheater tem peratures, a  recorder or an 
alarm  therm om eter w ill be found of service.

M ercu ry therm om eters are generally em ployed in cold storage 
work, b u t experience has shown th a t in the case of large stores 
— say ten room s or over— it pays to install resistance therm om 
eters. A  great deal of tim e is spent in reading m ercury th er
m om eters throughout a large building w hich necessitates the 
opening and shutting of a  num ber of doors, and w hich, in ad
dition to the labor cost, is w asteful of power and tends to des
tro y  the uniform ity of tem perature in the various rooms. T h e 
applications of pyrom eters in w orks for the treatm ent of m etals 
are very  varied. One of the m ost im portant is the m easuretnent 
of the tem perature of the air in the hot air m ain of a  blast fur
nace. I f  prim e cost is n ot an overw helm ing consideration, 
then resistance therm om eters should be used connected to  a 
Callendar recorder. Therm ocouples m ay be used, b u t if an 
accuracy com parable to  th a t of the resistance therm om eters 
is desired, a scale control board, and various precautions w ith  
regard to cold junctions, etc., m ust be  adopted.

U n fortun ately, although th e tem perature a t  w hich a m etal 
is cast is adm itted to  be of such great im portance, y e t  there is 
no really  sa tisfactory  w a y  of determ ining the tem perature of the 
m olten m etal. T h e  conditions, especially where a large crucible 
is used, m ake it practically  impossible to  insert a  pyrom eter 
into the m etal, and the readings obtained w ith  radiation or 
optical pyrom eters are n ot consistent, ow ing to variation s in 
the qu ality  and q u an tity  of the slag and th e frequently great 
divergence from  black-body conditions.

T h e  closed-tube radiation pyrom eter can be sa fely  used when 
sm all crucibles are em ployed; the therm ocouple also, if protected 
b y  an outer salam ander tube, m ay be em ployed for m olten brass.

T h e  greatest field for the application o f pyrom eters lies in 
the h eat treatm en t of m etals, where the success of a  pyrom eter 
installation depends alm ost entirely on the m ounting. E x 
perience shows th at, in the case of large furnaces, it  is advisable 
to  p u t the therm om eter in the floor of the furnace in the following 
w a y : A  slot is chopped into the furnace floor and into this 
a fire-clay tube is grouted, the space surrounding the tube being 
filled in w ith  fire-clay flush w ith  the bottom  of the furnace. 
T h e  pyrom eter is slipped into the tube through the side o f the 
furnace. T h e w eight of the head of the pyrom eter is taken  b y  a 
flanged socket, w hich is screwed into the protective p lating of 
the furnace, the pyrom eter being held to the socket b y  means 
of readily  rem ovable bolts and nuts. T h u s the pyrom eter can 
be introduced betw een the gas ports of the furnace.

In p ractica lly  all porcelain w orks Seger cones are em ployed 
to control the firing. A lth ou gh the inform ation given  b y  them  
is extrem ely valu able  as show ing the m axim um  tem perature 
attained, y e t  th ey  fail to show the rate a t which a k iln  is being 
heated, and this is frequen tly  of fundam ental im portance. 
Therm ocouples are best em ployed for the m easurem ent of the 
lower or prelim inary tem perature and radiation  pyrom eters for 
higher or finishing tem peratures.

T H E  S A L T  IN D U S T R Y  O F  R U S S IA

I t  is pointed ou t in The Tim es Russian Supplement, A ugust 11, 
1913, p. S, th at there is a  great discrepancy between R u ssia ’s salt 
production and her resources in  this respect.
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G eological investigation  proved long ago th at there are in 
various parts of the Russian Em pire untouched deposits of salt, 
th at there are lakes in the A strakhan province and in Siberia 
w hich possess a  considerable sa lt cap acity, and th at mineral 
sa lt can be found in large am ounts in the Caucasus and in the 
Ural M ountains. V a st areas th at are suspected to be salt- 
bearing have up to the present tim e not y e t been surveyed. 
Oil borings in the U ral Caspian  district have w ithin  recent years 
disclosed the presence of hundreds of millions of tons of rock 
sa lt in the G ouriev and E m ba districts. A  recent calculation 
estim ates the sa lt resources of R ussia to  be capable of supplying 
the whole w orld for centuries w ith this indispensable com m odity. 
In spite of this fact, the production of sa lt in Russia hardly 
covers the com paratively m oderate consum ption of the Em pire.

In 1880, Russia produced no more than 750,000 tons of salt. 
In 1900, the production had increased to  tw o million tons, and 
in 1912, the ou tp u t reached 2l/i millions.

N early  half of the Russian salt ou tp u t is obtained in the lakes 
of B askun ch ak and of the Crim ea. A lthough the lake-salt 
production is the cheapest, the irregularity of its output induces 
those engaged in the industry to  take a special interest in the 
product obtainable b y  boiling and in rock salt.

Salt-boiling is principally applied in the Perm  and Slaviansk 
districts.

I t  is interesting to  note th at the Siberian dairy farms are using 
the Slavian sk  and n ot the Perm salt, which, though nearer the 
Siberian consum er and obtained b y  the same process of boiling, 
is inferior in quality.

T h e m ost advanced and promising branch of the Russian 
sa lt industry is rock salt, of which 85 per cent is produced in 
the B ak h m u t district, in Southern Russia. T h e average yearly  
sa lt ou tp u t in B ak h m u t w as for 1901-5, 500,000 tons and for 
1906-10, 560,000 tons, while in 1912, it reached over 600,000 
tons. T h e  production of rock sa lt is less expensive than  prepa
ration b y  the boiling process.

R ussia ’s production is lim ited b y  the internal demand, which 
is increasing slow ly. T h e  use of sa lt in cattle  food is practically 
unknow n to  the Russian peasantry, and the chem ical industries 
using it as a  raw  m aterial are not sufficiently developed.

T h e  sa lt industry depends m uch on the S tate, which is the 
owner of one-half of the salt-producing areas and a  producer 
of several hundred thousand tons. T h e S tate  gives leases against 
a  certain  ro y a lty  of extracted salt, and is entitled to  force the 
firms to  sell their whole ou tp u t to the G overnm ent a t a fixed 
price. T h e  rise of the price of sa lt w as the object of special 
investigation b y  a  Com m ission in 1911, b u t up to the present 
moment the S ta te  has not used its right of com pulsory pre-emp
tion.

T he A m ur district, a great fishery centre, and consequently 
an im portant consum er of salt, is im porting this com m odity 
from  Japan, C hina, and especially from G erm any, to the amount 
of over 500,000 tons.

T he sa lt in dustry being closely connected w ith  the general 
industrial developm ent of the country, progress in agriculture 
and chem ical production, as well as the betterm ent of the eco
nom ic standard of the population, will necessarily lead to an in
creased o u tp u t

C H E M IC A L  T R A D E  O F  G E R M A N Y

Consul-General H arris, of F ran kfort on the M ain, sum m arizing 
a  number of G erm an authorities, discusses the progress of the 
chemical trade of G erm an y during the past few months and 
throughout 1912. In connection w ith the statem ent made b y  
J'ir. H arris as to the progress of G erm an y’s chemical trade, 
statistics show th at the exports of raw chemical products during the 
first half of 1913, com pared with 1912, record an increase of more 
than $10,000,000 w orth, and reach a  to ta l of $47,000,000. O f 
colors and dyestuffs, an increase of about $6,000,000 is noted.

the total for the first six months of the present year being $36,- 
000,000. O f varnish, lac and p u tty , the exports am ount to 
nearly $739,000, and really declined during the six months 
period. O f ethers, alcohol, etc., the total exports for the first 
six months of 1913 were over $5,000,000 worth, a  gain of $1,500,-
000. E xports of artificial fertilizers show a decline of about 
$300,000 in a total exportation of the first six months of $6,143,- 
000 w orth. Of pharm aceutical products, a  gain of more than 
$2,000,000 is noted for the first six months, the to tal being 
$11,963,000.

G ivin g some details as to the more im portant item s in G er
m an y’s trade w ith  the U nited S tates and other countries, and 
calling particular attention  to  the trade in fertilizers and ex
plosives, M r. H arris says:

T h e item s of chief im portance in the export trade are chemical 
raw products and colors and dyestufTs, form ing together about 
three-fourths of the total value. Exports of raw  m aterials 
during the first half of 1913 showed a  gain of abou t 30 per cent 
over th e corresponding period in 1912, 32 per cent over the Jan- 
uary-June portion of 1911, and 110 per cent over the first semester 
of 1908.

A  m arked increase w as shown also in the various salts, such 
as chloride of potassium , etc. Belgium , France and Austria- 
H u ngary are the principal countries of destination of these ship
ments, while for salts to be used for fertilizers, which are also 
included in the export figures, the U nited States, Sweden, Russia 
and A ustria-H ungary are the chief customers. T h e import 
trade of these salts is so sm all as to be insignificant.

A s purchasers of G erm an aniline and other coal-tar colors, 
China, England and the U nited States lead. T he tota l ship
ments of these colors in the first half of 1913 reached in value 
$16,855,000, against $15,726,000 last year. Im ports of dye- 
stuffs, w ith  figures m uch lower th an  the exports, include certain 
specialties.

G erm any's shipm ents of artificial fertilizers, while showing 
a falling off from  those of 1912, advanced during the past six 
years b y  about 150 per cent. T hom as meal (exports, first half 
of 1912, $2,762,000; 1913, $2,703,000) and superphosphate 
(exports, first half 1912, $3,205,000; 1913, $2,995,000), as b y 
products of the rapidly increasing m ining industries of G erm any, 
furnish the principal item s of these exports, which go chiefly 
to  A ustria-H ungary, the N etherlands, Russia and Denm ark. 
Im ports of artificial fertilizers during the first six months of 
1913 am ounted to  60 per cent of the exports and cam e chiefly 
from  Belgium  and France.

IM P R E S S IO N S  O F  E U R O P E A N  S E W A G E -T R E A T M E N T  
M E T H O D S

A s Philadelphia’s representative, M r. George E . D atesm an, 
principal assistant engineer of the Bureau of Surveys, visited 
Europe and made studies of the system s of sewage treatm ent 
in cities of G erm any, A ustria, H olland, Belgium , France and 
England. T h e principal conclusions of his report follow:

1. T he establishm ent of governm ent rivers boards to  supervise 
san itary conditions and w orks proposed is essential to  proper 
results. T h e art of sewage disposal apparently  has stopped a t 
percolating filters, b u t an adequate and less costly  substitute 
is anticipated. I t  is practicable to obtain from properly de
signed and operated sewage w orks a clear, odorless, sparkling 
and non-putrescent effluent from a sewage of extrem e con
centration, even if it has become septic.

2. Sludge resulting from sewage treatm ent can be rendered 
innocuous, practically  inodorous and w holly unobjectionable 
and can be disposed of w ithout nuisance, sometim es profitably. 
B y  certain com binations of treatm ent desired results m ay be 
secured a t a fraction of the cost of other recognized scientific 
methods of treatm ent in satisfactory operation.

3. In the conservation of a w ater supply, sewage-disposal
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system s should bear only their proportion of th e cost of treat
m ent. T h e  construction of a properly designed, econom ical 
and san itary  collection system  is the first essential in ,sew age 
disposal.

4. T h e  use of the separate system  of sewer conduits has been 
abandoned as inadequate for urban districts. P o lluted stream s 
can be m ade pure b y  a  system  of interceptors to  prevent sewage 
from reaching the stream s.

5. R ivers m ay be m ade clean and nuisances to sight and smell 
m ay be prevented b y  simple screening or b y  screening and 
tan kage treatm ent, provided the diluting volum e of river flows 
and its ve lo city  are sufficient to  preven t deposits. W here not 
used as a w ater su p p ly the exten t to  which a river m ay be used 
as an oxidizing agent thus offers a problem to be determined.

6. A t  the present stage of the a rt there is 110 process th at gives 
better or cheaper results than the form  of tan k used a t the 
w orks of the Em scher G enossenscliaft in G erm any. Should 
screening be desired, th e so-called R einsch screens as used a t 
D resden, G erm any, are the m ost c lean ly and efficient of a n y  
observed. Experience has proved th a t adequate tankage 
treatm en t is more effective and less costly  than the operation 
of fine screens.

7. O f thé bacterial treatm ents, the percolating filter furnishes 
the best results bo th  in oxidizing the organic m atter and in the 
rem oval of putrescibility. T h e  speed of operation is greater 
than b y  a n y  other system , w ith  consequent reduced first cost 
for land areas.

8. W hen sufficient fats are present in the sewage, th ey  m ay 
be profitab ly recovered from  sludge. D ryin g for fertilizer and 
fuel use has also proved profitable in some cases.

9. Subm erged outlets from  disposal w orks are essential for 
proper dilution. D isinfection  w ith  hypochlorite of lime as a  final 
treatm en t is n ot in use either in E n glan d or G erm any. In  
the conditions of the rivers in the form er country it w ould not 
be effective in rem oving pollution.

A C T IO N  O F  A L K A L I A N D  S E A  W A T E R  O N  C E M E N T S

T h e U n ited  S tates B ureau  of Standards has investigated 
the above su bject and has published the results of its investiga
tions in Bulletin 12. Since the physical test covered a period 
o f exposure of not to  exceed 3V2 years, the following conclusions 
draw n should be considered som ew hat te n ta tiv e :

Portlan d cem ent m ortar or concrete, if porous, can be disin
tegrated b y  the m echanical forces exerted b y  the crystallization  
of alm ost a n y  salt in its pores, if a sufficient am ount of it  is 
perm itted to  accum ulate and a rapid form ation of crystals is 
brou gh t about b y  drying; as larger crystals are form ed b y  slow 
crystallization, the sam e results w ould be obtained on a  larger 
scale, b u t in greater tim e if the drying were slow. Porous 
stone, brick  and other structural m aterials are disintegrated in 
the same manner. Hence, in alkali regions where a concentra
tion of sa lts is possible, a  dense non-porous surface is essential.

W hile  in th e laboratory a hydraulic cem ent is readily de
composed if  intim ately exposed to  the chem ical action of various 
su lfate  and chloride solutions, field inspection indicates th a t in 
service these reactions are m uch retarded if not entirely  sus
pended in m ost cases, due p robably to  the carbonization o f the 
lim e of the cem ent near the surface or the form ation of an  im 
pervious skin  o f protective coating b y  saline deposits.

P rop erly  m ade P ortlan d  cem ent concrete, when to ta lly  im 
mersed, is apparen tly  n ot su bject to  decom position b y  the 
chem ical action of sea water.

I t  is n ot y e t  possible to state  w hether the resistance of cem ent 
to  chem ical disintegration b y  sea w ater is due to  the superficial 
form ation  of an im pervious skin  or coating, which is subsequently 
assisted b y  the deposition of shells and moss form ing a  protective 
coating, or b y  the chem ical reaction of the sea salts w ith  the 
cem ent form ing a more stable com pound w ithout disintegration

of the concrete, or b y  a com bination of both  of these phenom ena.
M arine construction, in so far as th e concrete placed below 

the surface of the w ater is concerned, w ould appear to  be a 
problem  of m ethod rather th an  m aterials, as the concrete sets 
and perm anently hardens as satisfactorily  in sea w ater as in 
fresh w ater or in the atm osphere, if it  can be placed in the form s 
w ithout undue exposure to the sea w ater w hile being deposited.

C on trary  to  the opinion of m any, there is no apparen t relation 
betw een the chem ical com position of a cem ent and the ra p id ity  
w ith  w hich it reacts w ith  sea w'ater w hen brought into in tim ate 
contact.

In  the presence of sea w ater or sim ilar sulfate-chloride so lu 
tions, the m ost soluble elem ent of the cem ent is th e lim e. I f  
the lim e of the cem ent is carbonated it is p ractica lly  insoluble. 
T h e  q u an tity  of alum ina, iron or silica present in the cem ent does 
n ot affect its solubility. T h e  m agnesia present in th e cem ent 
is p ractically  inert.

T h e  change which takes place in sea w ater when brought 
into intim ate con tact w ith  the cem ent is as follow s: T h e
m agnesia is precipitated from  the sea w ater in d irect proportion 
to  the solu bility  of the lime of the cem ent. T h e  sulfates are 
the m ost a ctiv e  constituents of the sea w ater, and are taken  
up b y  the cem ent. Their action is accelerated in the presence 
of chlorides. N o  definite sulfate com pound w as established. 
T h e  q u an tity  of chlorine and sodium  taken up b y  the cem ent 
is so sm all th a t no statem en t can  be m ade as to  the existence of 
a n y  definite chloride or sodium  com pound form ed w ith  the 
cem ent.

M eta l reinforcem ent is n ot su bject to corrosion if em bedded 
to  a  depth of 2 inches or more from  the surface of well-m ade 
concrete.

A L L O Y S  O F  A L U M IN U M

C . H. Ivinson, in the Mechanical Engineer, discusses the a l
loys of alum inum  w ith  the com m on and rare m etals.

A n  alloy  of 4 per cent nickel has been shown to disintegrate 
in a v ery  short tim e a fter being cast, b u t the introduction of 
copper is an  advantage. Phosphide of copper added in quan
t i t i e s  of 1 .5  per cen t to  a zinc-alum inum  alloy containing 
from  12 .5  to  15 per cen t zinc gives flu id ity  to the m olten m etal. 
Phosphide of zinc containing 25 per cen t phosphorus m ay be 
substituted in the proportion of 0.05 per cent. T h is is one of 
the best fluxing and cleansing agents the w riter knows for all 
a lum inum  alloys, and should be added to  the m olten a lloy 
for a few  m inutes before pouring b y  w rapping in paper and 
plunging to  the bottom  of the crucible b y  m eans of tongs and 
stirring briskly.

M agnesium -alum inum  alloys containing 1 to 10 per cen t 
m agnesium  are m uch im proved b y  the addition  of 5 per cent 
zinc, as this addition im parts better w earing properties to  the 
m etal and aids in producing hom ogeneous castings. B y  the ad
dition of 1 per cen t phosphide of copper less oxidation  o f the 
m etal takes place during the m elting operations.

D uring the last few  years m etallurgists have been experi
m enting w ith som e of the rarer m etals, and this p a rt of the 
su bject is m ost interesting. T h e w riter has alloyed alum inum  
w ith  alm ost all the rarer m etallic elem ents, such as cerium, 
neodym ium , lanthanum , tantalum , zirconium , and beryllium , 
and some of these a lloys gave  m ost rem arkable results even  in 
quantities of on ly 1 per cen t and under. C erium  and beryllium  
a lloys are p articu larly  interesting. A n  addition  of 0 .5  per cent 
of cerium  raises the tensile strength of the m etal from  4 .5  tons 
per square inch to 10 .3  tons per square inch, and gives an 
elongation of 8 .5  per cen t on 2 inches. T h is  a llo y  w as placed in 
sea w ater and boiled for 60 hours; the sam ple w as carefu lly  
weighed before and a fter the boiling process, and there w as no 
loss in w eight. One side of th e m etal w as polished and, after 
the boiling, w as found to be untarnished. A n  alloy  of 2 per cent
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beryllium  gave a tensile strength o f n . 8  tons per square inch 
w ith an elongation of 10 per cent on 2 inches. I t  w as of a beau
tiful silver-w hite color, and could be ham m ered out cold into 
leaf; it also w ithstood the action of sea w ater perfectly.

M anganese, titanium , chrom ium , m olybdenum , tungsten; 
etc., form  a v e ry  interesting series of alloys, either when alloyed 
b y  them selves or in th e presence of copper. T itanium  and 
chrom ium  alloys are both affected b y  sea w ater and ordinary 
atm ospheric conditions. T h e  form er alloy, when polished in 
the presence of sea water, develops w hite spots on the m etal 
which, w hen rem oved, show deep p it m arks on the surface of 
the m etal; this applies to  the alloys of chrom ium  as well.

T un gsten  has been recom m ended as being a  suitable m etal 
to a lloy w ith  alum inum  to  resist corrosion, b u t the w riter did 
not find this v ery  satisfactory. A n  a lloy  containing 2 per cent 
copper and 0 .5  per cent tungsten rap id ly  disintegrated under 
ordinary atm ospheric conditions. A t  least 100 different samples 
of this a lloy  w ere prepared in the vary in g  proportions of 0 .2 to 
5 per cen t pure tungsten alloyed b y  itself w ith  the aluminum, and 
also in conjunction w ith  nickel, manganese, copper, etc. T he 
results of som e of these were disappointing.

T h e  a lloy  of zin c and nickel containing 3 per cent nickel 
and 0 .75  per cen t zirconium  gave extraordinary results as far 
as tensile strength w as concerned, having 12.2  tons per square 
inch, w ith  elongation 9 per cent on 2 inches. Its  behavior in 
sea w ater was v e ry  extraordinary; it  w as boiled for 72 hours 
in sea w ater, and w hen tested, a fter the boiling process, showed 
on ly 4 tons per square inch tensile strength. Its  fracture was 
v e ry  crystalline, and it  w as also v e ry  brittle. Zirconium  0.75 
per cent, w hen alloyed w ith  alum inum  w ithout the presence 
of nickel, gave  the sam e tensile strength a fter the boiling process 
as before, nam ely, 9 .3  tons per square inch.

M olybdenum , w hen alloyed w ith  alum inum , had the opposite 
result. A n  a lloy  w as m ade containing 1 .5  per cent m olybdenum 
w ith  alum inum  w hich, a fter being boiled in salt water, gave a 
low er tensile strength th an  before the boiling; but when the 
m olybdenum  w as alloyed w ith  the alum inum  in the presence of 
copper in the proportions of m olybdenum  1 .5  per cent and 
copper 1 .5  per cent, the tensile strength of the m etal a fter the 
boiling process w as the sam e as originally.

W A T E R P R O O F IN G  O F  C O N C R E T E  S T R U C T U R E S

CONCLUSIONS OP COMMITTEE ON WATERPROOFING JLVTERIALS OP 
THE AMERICAN SOCIETY OF TESTING MATERIALS 

While the committee has not arrived at sufficient conclusions 
to formulate definite specifications for making concrete struc
tures waterproof, certain results have been reached which may 
be of assistance in securing impermeable concrete.

In the laboratory  and under test conditions using properly 
graded and sized coarse and fine aggregates, in m ixtures ranging 
from  1 cem ent, 2 sand and 4 stone to  1 cem ent, 3 sand and 6 
stone, im perm eable concrete can in variab ly  be produced. B u t 
the reverse often obtains in actu al construction, permeable con
cretes being found even w ith  1 cem ent, 2 sand and 4 stone 
m ixtures and these are of frequent occurrence where the quan
t ity  of the aggregate is increased. T h is the com m ittee attributes 
to  defective w orkm anship, to  use of im perfectly sized and graded 
aggregates, use of excessive w ater and lack of proper provision to 
take care o f expansion and contraction.

Properly  graded sands and coarse aggregates are rarely, if 
ever, found in n ature in sufficient quantities to be available 
for large construction, and the effect of poorly graded aggre
gates in producing perm eable concrete is aggravated b y  poor 
and inefficient field w ork; it  is seem ingly a com m ercial impossi
b ility  on large construction  to obtain  workm anship even ap
proxim ating th a t found in laboratory work. In  consequence 
of these conditions substances calculated to  m ake the concrete

more imperm eable— either incorporated in the cem ent or added 
to the concrete during m ixing— are often used.

T h e com m ittee has investigated a sufficient num ber of these 
special w aterproofing com pounds as well as certain  v ery  
finely divided mineral products, to  form a general idea of the 
different types.

T h e m ajority  of patented and proprietary com pounds tested 
h ave  little  or no im m ediate or perm anent effect on the perm ea
b ility  of concrete and some are even injurious. T h e  per
m anent effect of such additions, if dependent on the action 
of organic com pounds, is v ery  doubtful. In  v iew  of their possi
ble effect upon the early  strength and durability  of concrete 
after considerable periods, no integral waterproofing m aterial 
should be used unless it has been subjected to long-tim e prac
tical tests under proper observation to  dem onstrate its value, 
and unless its ingredients and the proportion in which th ey  are 
present are known. In  general, more desirable results are ob 
tainable from  inert com pounds acting m echanically than from 
active  chem ical com pounds whose efficiency depends on change 
of form  through chem ical action a fter addition to  the concrete.

Assum ing average q u ality  as to  size of aggregates and rea
sonably good w orkm anship in the m ixing and placing of the con
cretes, the addition of from  10 to  20 per cent o f v e ry  finely divided 
void-filling mineral substances m ay be expected to result in the 
production o f concrete w hich under ordinary conditions of 
exposure w ill be found im perm eable, provided the w ork joints 
are properly bonded and cracks do not develop on drying, or 
through change in volum e due to  atm ospheric changes, or b y  
settlem ent.

In  large construction, no m atter how carefully the concrete 
itself has been made, cracks are ap t to develop, due to shrinkage 
in drying out, expansion and contraction under change of tem 
perature and m oisture con tent and through settlem ent. H ence, 
it is often advisable on im portant construction to  anticipate 
and provide for the possible occurrence of such cracks b y  external 
treatm ent w ith  protective coatings. Such coating m ust be 
sufficiently elastic and cohesive to  prevent the cracks extending 
through the coating itself. T h e  application of m erely penetra
tiv e  void-filling liquid w ashes w ill n ot prevent the passage of 
w ater due to  cracking of the concrete.

W hile some penetrative washes m ay be efficient in rendering 
concrete w aterproof for lim ited periods, their efficiency m ay 
decrease w ith tim e and it m ay be necessary to repeat such treat
ment. T h e  first effort, therefore, should be m ade to  secure a 
concrete th a t is im perm eable in itself, and penetrative, void- 
filling washes should be resorted to  only as a  corrective measure.

W hile p rotective extraneous bitum inous or asphaltic coatings 
are unnecessary, so far as the m ajor portion of the concrete sur
face is concerned, provided the concrete is imperm eable, th ey  
are valuable as a  protection where cracks develop in a  struc
ture. I t  is therefore recom m ended th a t a  com bination of inert 
void-filling substances and extraneous waterproofing be adopted 
in especially difficult or im portant w ork of any nature. P rotect
ive bitum inous or asphaltic coatings are often subject to  more 
or less deterioration w ith  tim e, and m ay be a ttacked  b y  injurious 
vapors or deleterious substances in solution in the w ater com ing 
in con tact w ith  them . T h e  m ost effective m ethod for applying 
such protection is either the settin g of a  course of im pervious 
brick dipped in bitum inous m aterial into a  solid bed of bitum inous 
m aterial or the application of a  sufficient num ber of layers of 
satisfactory m em branous m aterial cem ented together w ith  ho t 
bitum en.

T h eir durability and efficiency are very  largely dependent 
on the care w ith w'hich th ey  are applied. Such care refers par
ticu larly  to proper cleaning and preparation o f the concrete 
to insure as dry a  surface as possible before application of the 
p rotective covering, th e lapping of all jo in ts of the mem branous 
layers, and their thorough coating w ith  the protective m ateria l.
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T h e use of this m ethod of protection is further desirable because 
proper bitum inous coverings offer resistance to stra y  electrical 
currents.

O f course, no addition of w aterproofing com pounds or su b
stances can be relied upon to cou nteract com pletely  the effect 
of bad w orkm anship, and the production of im perm eable con
crete can be hoped for only where th ere  is determ ined insistence 
a t all tim es on good w orkm anship on all structures.

F U L L E R ’S E A R T H

T h e U nited States B ureau  of M ines has ju s t issued a pam phlet 
(Bulletin  N o . 21) b y  C harles L. Parsons, 011 F u ller’s E arth.

D r. Parsons states th a t " T h e  U nited  S tates produces all of 
the fuller’s earth  used for refining petroleum  w ithin  its borders. 
On the other hand, m ost of the fuller’s earth used in bleaching 
edible oils has been im ported from England. R ecen tly  a few 
of the refiners of cottonseed oil have begun to  utilize dom estic 
fuller's earth, whereas others have been unable to  substitute 
it successfully for English earth in their practice. M an y  sam ples 
of Am erican earth d istin ctly  superior in bleaching pow der to  the 
English earth  have com e to  the attention  of the Bureau of M ines. 
F or these reasons an investigation  of the mining, preparation, 
and use of fuller's earth in this country, especially in its ap plica
tion to edible oils, w as conducted in order to  ascertain w h y  our 
own raw m aterial has been deemed inapplicable to our needs.

" D u rin g  the calendar year 1912, according to figures of the 
U n ited  S tates G eological Survey, there were im ported into the 
U n ited  S tates 1,970 tons of unground fuller’s  earth, valued a t 
$ 11,619, and 17,139 tons of ground fuller’s earth, valued a t 
S i3 3 ,7 18, these values being based on the wholesale m arket 
price a t the port of origin. T h e addition of transportation 
charges, comm issions, etc., m ake the price to  the A m erican re
finer $ 14 .5 0  to $16 per ton. A ccording to the latest figures 
com piled b y  the U nited States G eological S u rvey, the U nited 
S tates in 1912 produced 32,715 tons of fuller’s earth, valu ed  at 
$305,522 or $9.34 per ton, a t the mine. M o st of this dom estic 
production w as from three plants in F lorida and one in south
w estern G eorgia and w as used alm ost w h olly  for decolorizing 
petroleum . A  sm all am ount from other localities w as used in 
the refining of edible oils. N o  figures definitely differentiating 
fuller's earth  from other c lays are kep t in regard to our exports, 
b u t it  is certain  th a t several thousand tons of dom estic earth were 
exported to  G erm any, and it is also true th a t Germ an refiners 
of edible oils have used and are using large quantities o f A m erican 
fuller’s earth and have a higher appreciation of its m erits than 
our own refiners.

" A s  a result of the investigations made, the B ureau of M ines 
believes th a t the U nited S tates has fuller’s earth far better 
suited for refining edible oils than an y  im ported, and th at to 
assure the alm ost universal use of this earth b y  A m erican re
finers there is required on ly a careful and intelligent technical 
control of the preparation of the output and its application  to 
the bleaching of o ils.”

N E W  C H E M IC A L  P R O C E S S  F O R  F IB E R

A  new process of m anufacturing cellulose has been w orked 
ou t b y  Dr. J. K ö n ig : Balsam , fir, pine, spruce, beech and oak
woods, as well as spun fibers, m ay be transform ed into a very  
fine, easily bleachable cellulose, w ith  a cattle  feed substance 
residue, and the elim ination a t the same tim e of the w aste 
liquor troubles. T h e Journal of the Society of Chemical Industry 
(Oct. 15, 1913, p. 939) states th at the disintegrated wood or 
other fibrous m aterial is steam ed w ith  four to five tim es its weight 
of a 3 to  5 per cen t solution of am m onia under a pressure of 2 
to  3 atm ospheres for five or six hours. T h e liquor is rem oved 
b y  pressing and the residue is washed w ith boiling w ater, the am 
m onia being recovered b y  distillation of the liquors, w ith  the ad
dition o f lime, if necessary; resins and tannins are obtained

from the residue from distillation. T h e  digested m aterial is 
n ext steam ed in a sim ilar m anner w ith  4-5 tim es its w eigh t of 
0 .4  to  0 .6  per cent sulfuric acid for 6-8 hours under a  pressure 
of 1 to  2 atm ospheres. T h e liquors from this treatm en t contain 
sugars, the products of the hydrolysis of hem icelluloses and pen
tosans. T hese liquors are neutralized either w ith the lim e em 
ployed for the recovery of the am m onia or else w ith  powdered 
lim estone and evaporated. T h e syrup obtained is separated 
from the calcium  sulfate and mixed w ith  dry fodder, chopped 
hay, brew ers’ grains, bran, etc., and fed to  cattle.

A n  a ltern ative process consists in steam ing w ith  sodium  
carbonate solution instead of am m onia in the first stage and w ith  
hydrochloric acid in the second stage, and m ixing the waste 
liquors from each process so th at th ey  neutralize each other; 
the sodium  chloride thus form ed is n ot injurious to the use of 
the evaporated syrup as a  fodder. T he exhaustive alkaline 
and acid treatm ents do n ot rem ove the lignin from  the wood, 
and the residue still contains over 25 per cent of lignin. This, 
how ever, is in a form which is readily oxidizable b y  hypochlorite 
bleach liquor and the fiber is treated in stages, preferably w ith 
dilute sodium hypochlorite, until a  residue of bleachcd cellulose 
is obtained. I t  is estim ated th a t 200 pounds of wood yield six 
pounds of resin (or tw o to four pounds of tannic acid), fifty  
pounds of fodder extract rich in sugars and sixty-tw o to eighty- 
tw o pounds of bleachcd cellulose.

S E W A G E  D IS P O S A L  IN  N E W  Y O R K

N um ber 6 of the Prelim inary Reports of the M etropolitan  
Sewerage Com m ission of N ew  Y o rk  is the presentm ent of a 
stu d y  of the collection and disposal of the sewage of the lower 
H udson, low er E a st R iv e r  and B a y  division. N um ber 7, in 
the sam e series, includes the critical reports of G . J. Fow ler, of 
M anchester, E ngland, and J. D . W atson, of B irm ingham , E n g 
land, on the projects of the Com mission. These experts agree 
in advocatin g the construction of m ain drainage channels to  
carry off the sewage of lower N ew  Y o rk  into the A tla n tic  Ocean.

E X H A U S T IN G  L A M P  B U L B S  A T  H IG H  T E M P E R A T U R E

A ccording to Scientific Am erican  (Oct. 18, 1913), a  new  m ethod 
is used for m aking a  vacuum  in incandescent lam ps or other 
glass vessels. H eretofore, to  elim inate the last traces of mois
ture and expel air bubbles which adhere to the side of the glass, 
the lam ps have been heated in a special furnace lined w ith  
asbestos to equalize the heat to  a tem perature of 250 or 350 0 C. 
B u t all the air bubbles do n ot detach even a t this heat, and a 
greater heat cannot be used for fear of softening the glass, when 
the air pressure w ould collapse the bulbs. Q uite la te ly  the 
B erlin  Allgem eine C om pan y used a vacuum  process which per
m its heating to a  higher point and even softening the glass 
while the lam ps are on the air pumps. T h is is done b y  placing 
the lam ps in an electric furnace in which a  vacu u m  is made, so 
th at there is scarcely a n y  external pressure on the lam ps and th ey  
can be heated as high as 500 0 C . L arger end tubes can be used on 
the lam ps which is better for the vacuum  process, b u t it  is a hard 
m atter to  fuse off such large tubes for closing, when th ey  h ave  
a vacuu m  inside, as collapsing m ay occur. A n  original m ethod 
is used for this, and a  spiral wire electric heater surrounds the 
tube so th at it is softened and can be draw n ou t while still in
side the furnace; the closing off of the lam p is thus effected w ith 
out air pressure On the outside. T hen  the surface is allow ed to  
cool down to 350° C. before opening and p u ttin g on the atm os
pheric pressure.

C A D M IU M  S T O R A G E  B A T T E R Y  P L A T E S

Scientific American  (O ct. 18, 1913) reports th at Forseke and 
A schenback use a new process for m aking cadm ium  electrode 
plates for alkaline accum ulators. T h e y  use cadm ium  obtained 
in finely divided form  as a  spongy precipitate from a solution
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of cadm ium  salt. T h e y  add zinc powder to a solution of cad
m ium  chloride; the precipitated spongy cadm ium , m ixed w ith  
zinc pow der and a sm all am ount o f oxide of m ercury, is spread 
upon suitable supports for m aking the b a ttery  plates. Such 
porous cadm ium  electrodes are used in a caustic soda or potash 
bath  against a nickel electrode. A t  the first charging b y  cu r
rent, the m ercury oxide is reduced to the m etallic state  and the 
m ercury then envelops the particles o f cadm ium  and zinc. On 
discharging the b attery, the zinc dissolves out, while the cad 
m ium  becomes oxidized and the m ercury rem ains in the same 
state  and is not affected. T h e zinc thus rem ains only tem po
rarily  in the mass, and aids in rendering it porous.

F R E N C H  A L C O H O L  P R O D U C T IO N  A N D  U SE S  

Consul G eneral F ran k  H . M ason, Paris, reports th at the 
French M in istry  of F in an ce has ju st published some very  in
teresting statistics concerning the production and use of alcohol 
in France. T h e  to ta l production in 1912 w as 87,440,420 U nited 
S tates gallons, as com pared w ith 63,797,165 gallons in 1911. 
In  spite of this enorm ous production, France received from 
foreign countries 4,913,571 gallons o f pure alcohol and liqueurs. 
T here w as a to tal export trade of 8,321,370 gallons: 40,044,517 
gallons were beverages, a sm all q u an tity  w as used for per
fume m anufacture, and 17,994,896 gallons w ere denatured. 
A b o u t 2,306,130 gallons w ere em ployed for m ixing w ith 
wine, and 1,490,106 gallons were used in the m anufacture 
of vinegar. O ut of the q u an tity  taxed for consum ption, 21,905,- 
701 gallons took the form of “ eau de v ie ,”  or brandy, 5,776,457 
gallons were used for absinthe, and 282,557 gallons were used 
for m aking perfum ery. T h e  rem ainder w as em ployed in the 
m anufacture of different liquors. O f the 17,994,896 gallons 
of denatured alcohol 12,662,483 gallons were used for heating 
and lighting, while 4,113,504 gallons were em ployed for the 
m anufacture of explosives.

N A T U R A L  G A S  U SE D

A ccording to  B . H ill, o i the U nited  States G eological Survey, 
the to ta l estim ated consum ption of natural gas in the U nited 
S tates in 1912 was 562,203,452,000 cubic feet, valued a t $84,- 
563,957, an average price of 15.04 cents a thousand cubic feet, 
com pared w ith  512,993,021,000 cu. ft., valued a t $74,621,534, 
an average price of 14.55 cents, in 1911. T he number 
of dom estic consum ers supplied w ith  gas in the U nited 
S tates in 1912 w as 1,621,557 and the value of gas con
sumed for dom estic purposes am ounted to $50,960,883, while 
the num ber of industrial consum ers w as 15,936 and the value 
of gas consum ed for industrial purposes w as $33,603,074. Oil 
the assum ption th a t 28,000 cubic feet of gas equals in heating 
pow er 1 ton of coal, the fuel displaced b y  gas consumed in 1912 
w as equivalen t to approxim ately 20,000,000 tons of coal.

One feature of particular interest in the year 1912 was the

com pletion of the pipe line which is to  con vey natural gas from 
the B uena V is ta  Hills, of K ern  C ou n ty, C al., to consumers in 
the c ity  of Los Angeles and the surrounding towns.

W est V irginia produced 215,785,027,000 cubic feet, valued a t  
$29,064,968. Pennsylvania w as the largest consum er of gas. 
herself producing to the value of $22,823,725, but consuming 
$26,486,302 w orth of gas. W est V irginia, 011 the other hand, 
consumed only about one-fourth of her output, the balance being 
piped into other States.

G O L D  A N D  P L A T IN U M  B Y  T H E  T O N

T he production of pig iron in 1912 was 33,802,685 tons of 
2,000 pounds each; th at of platinum  was 1.3 tons. T he value 
of the iron per ton was $12.44 as against $1,328,391 per ton for 
the platinum .

F or the sake of convenient comparison and because in com 
mercial practice the various ores and m etals are m easured by a 
v arie ty  of units such as the long, short and m etric ton, flask, 
avoirdupois pound and troy  ounce, the United S tates Geological 
S urvey has issued a  short sum m ary of the “ Production of M etals 
and M etallic  Ores in 1911 and 1912,”  stated in term s of the 
short ton of 2,000 lbs., considerable of which, however, is derived 
from im ported ores, bullion, etc. A  comparison of the produc
tion of some of the better known m etals m ay be of interest.

Short tons . Value
P la tin u m ................................... 1.304 S t , 732,221
G old ............................................ 188.108 113,415,510
S ilver.......................................... 4 .4 7 1 .4  80.187,317
A lum inum ................................  3 2 ,8 0 3 .0  15,089,380
Q uicksilver...............................  939 .9  1.057,180
N ic k e l . . . ..................................  22 ,4 2 1 .0  17,936,800
T in ..............................................  8 .4  8 ,850
C opper....................................... 734 ,052 .0  242,337.160

P R O D U C T IO N  O F P L A T IN U M

Platinum  is now w orth $46 an ounce, against $20 five years 
ago. Increased prospecting last year in the U nited States, 
however, resulted in a total output of only 721 ounces of crude 
m etal. T he world's output is estim ated by the Geological 
S u rvey in troy  ounces as follows:

Ounces

1910 1911 1912
275,000 300,000 300,000

30 30 30
332 470 500

10,000 12,000  12,000
390 628 721

1,000 1,200 1,300
209 . . .  200

T o ta l ..............................................................  . . .  286,961 314.328 314,751

Im ports of platinum  into the U nited States in 1912 aggregated 
$4,503,682 in value.

C ountry
R u ss ia .; ......................................................................
C an ad a ........................................................................
New South W ales...................................................
C olom bia....................................................................
U nited  S tates, dom estic c ru d e ...........................
U nited S tates, from foreign and dom estic

m atte  and b u llion ........................................ ..
Borneo and S um atra  and o th e r .........................

NOTES AND CORRESPONDENCE
S Y R IA N  A U T O B U R N IN G  L IM E S T O N E 1

Several m onths ago, U. S. Consul W hitin g, Jerusalem, Pales
tine, reported (D aily Consular Reports, Ju ly  21, 1911) upon 
the self-burning lim estone found in the district of H auran in 
Syria.

H auran is a  volcanic region ly in g to  the south of D am ascus 
and east of the U pper Jordan. Its  surface consists of an ele
vated plateau m ade up of fertile plains and barren lava  hills. 
T h e rich plains are w heat-producing lauds.

1 Paper presented a t the  48th m eeting of the A. C. S., Rochester, 
Septem ber 8-12, 1913.

A  railroad running from D am ascus taps this section. M r. 
W hiting, who visited this locality  and inspected the industry, 
gives this description:

“ T h e  form ation occurs in beds, 20 b y  30 feet thick, betw een 
layers of ordinary limestone. T he rock being soft and full of 
crevices is easily quarried with prim itive tools. W hen freshly 
quarried the m aterial is black and has a slight odor of petroleum. 
T he rock is broken into sm all pieces, piled against the quarry 
wall and then enclosed 011 3 sides w ith a rough wall of the same 
m aterial, m aking a rectangular heap 10 feet long b y  10 feet 
wide with a  height of 2 feet in front and 6 feet in rear. Sm all 
holes or flues are left in the w all for draft. T he fire, kindled
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b y  flint and steel is started  b y  a  sm all sheaf of straw . A fter 
12 hours’ burning, during w hich m uch black and strong sm elling 
sm oke is given off, the rock is converted into a lime, w h ite  in 
color, su itable for strong plaster and in eve ry  w a y  superior to 
brush burned lime, and is sold, on account of its  low cost of pro
duction, a t  m uch lower figure. Sam ples of this rock and its 
lim e w ere loaned for inspection b y  the B ureau  of T rade, D e 
partm en t of Com m erce.

"A n o th e r  sam ple of th e original rock w as procured through 
the kindness of the U . S. Consul a t  Jerusalem .

" T h is  Syrian  autoburning lim estone probably belongs to 
the asphaltic lim estone series of N eb i M usa. These arc dark 
gray, bitum inous lim estones containing phosphoric acid and 
holding fossil fish, in layers alternating w ith variegated red, yellow  
and w h ite  m arl”  (Baedeker, 48, S yria: G eology).

A n  exam ination of the sam ples shows these characteristics: 
G rayish  brow n color; no definite odor; soft, resem bling hard 
pressed and d ry  m ud; breaks w ith  a  slight conchoidal fracture; 
specific grav ity , 1.74; ignites easily and burns w ith  a  sm oky 
flam e; can  be  easily  reduced to  lim e b y  using a  crucible and 
B unsen flame. A  partial analysis shows:

Loss, d ry ing  a t  100° C .....................................................................................  0 .1 2 %
Silicious m a tte r ........................... ........................................................................ 2 .9 7 %
Iron and alum ina oxide and  p hosphate ........................................................  7 .35%  ‘
Calcium  carb o n ate .............................................................................................  67 .46%
M agnesium  oxide.................................................................................................  trace
Organic m a tte r ....................................................................................................  21 .87%

T o ta l dete rm ined ..................................................... ............................. 99 .77%

Sulfur, original lim estone................................................................................. 1 .94%
N itrogen, original lim estone...........................................................................  0 .6 8 %
Phosphoric oxide, original lim estone...........................................................  1 .38%

T h e pow dered rock w hen extracted w ith  chloroform  yields 
5.37 per cen t of a th ick brow n extract, medium  soft, tough 
and of slight asph altic  odor. W hen  dry-distilled the rock yields 
5.28 per cent of a  th ick, yellow ish oil, and alkaline liquor and 
m uch foetid-sm elling gas. T o ta l loss on distillation is 19.53 
per cent.

T h e  h ea vy , b lack evil-sm elling sm oke m entioned b y  Consul 
W hitin g, and the results of our own sm all scale experim ents 
suggests the use of a  m odern kiln  w hereby valu able by-products 
(unburned hydrocarbon and ammonia) m ay be saved.

T h e  original lim estone when burned in a  calorim eter develops 
3220 B . t. u. per pound or a  heating valu e of approxim ately 
1/i  th a t of Ohio coal. (Calculations b y  Chas. E . K ohler, 
A kron, Ohio.) T h e  softness of the rock together w ith  its 
proportion o f organic m atter, phosphoric acid and nitrogen 
should render it  an im portant soil builder. T o  such an origin 
m ay be due the reason w h y the M u k ra  w h eat plains of H auran 
are regarded as the granaries of Syria.

T h e  rock w hen finely ground and bolted through a  100-mesh 
screen gives a compounding material suitable for use in black 
rubber goods. F or the purpose indicated it is of value on account 
o f its m ill deportment and v e lv e ty  rich colored com pound (Ridg- 
w a y : Color N om enclature; P late  III , N o. 2, deep clove-brown) 
produced.

C h a s . P. F o x
A k r o n , O i r io

O B IT U A R Y — JU L E S O G IE R

In the death, a t  the age of sixty, of Jules O gier, past presi
dent of the Société de Chim ie and a  m em ber of the C om ité 
C on sultatif d ’H ygiène Publique de France, France has lo st one 
o f her m ost celebrated forensic and san itary  chem ists. A fter 
serving as assistant in chem istry a t  the École supérieure de 
Pharm acie de Paris, Ogier becam e assistant to  B erthelot a t  the 
C ollège de France; and in 1883 lie w as appointed director of the 
toxicologic laboratory  in the m edico-legal service of the P a ris 
prefecture of police.

O gier is best know n for his w ork in public hygiene, w hich in
cluded investigations pertaining to the introduction  o f w ater 
into a  num ber of the large cities of France, the purification of 
w ater, the disposal of th e sewage of Paris, and the substitution  
of zinc w h ite  for w hite lead. H e w as th e auth or of th ir ty  
volum es o f jud icia l reports and of the well-known "T r a ité  de 
Chim ie T oxico logiqu e,”  w hich appeared in 1899.

W . A . H a m o r

A M E R IC A N  IN S T IT U T E  O F  C H E M IC A L  E N G IN E E R S

SIXTH ANNUAL MEETING, NEW YORK, DECEMBER IO -I3 , 1913  

PROGRAM OF PAPERS 

M eetings to  be held a t T h e C hem ists’ Club.
P r e s id e n t ia l  A d d re ss . D r . T . B. W a g n e r .

S a n i ta r y  C o n tro l  o f th e  C ity  o f N ew  Y o rk . E r n s t  J .  L e d e r l b .

A  P r a c t ic a l  R o a d  to  t h e  S ta n d a r d  C a ta lo g u e . W . M . G r o s v e n o r .

T h e  C o m m e rc ia l  A p p lic a tio n s  o f O zo n e . A. V o s m a e r .

T h e  S w e e tla n d  F i l te r  P re s s  (L antern  Slides and  Sm all W orking 
M odel). E . J. S w e e t l a n d .

A N ew  F i l te r  P re ss . A l f r e d  B u r g e r .

O ther papers to  be presented— titles  n o t given.

M em bers w ill a tten d  the jo in t m eeting of th e A m erican 
Chem ical S ociety, the S ociety  of C hem ical In d ustry  and the 
A m erican  Electrochem ical S ociety  a t  the C hem ists’ C lub. 
T o p ic  of m eeting: “ T h e  W elfare of E m ployees in F acto ries.”  

EXCURSIONS

B arb er A sp h alt P a vin g  C om pan y, M aurer, N . J.
B alb ack  Sm elting and Refining C om pany, N ew ark, N . J.
S an itary  U tilization  C om p an y a t  B arren  Island.
W illard  Parker H ospital G roup of Laboratories, D ep artm ent 

of H ealth  of N ew  Y o rk  C ity .
H anson &  V a n  W inkle C om pany.
E lectro-p latin g and Experim ental P lan t, N ew ark, N . J.
C rucib le  Steel C om p an y of Am erica, A tlia  W orks, N ew ark, 

N . J.
C hem ical Engineering Laboratories a t  C olu m bia  U n iversity .
Johns M an ville  A sbestos C om p an y P lan t, S ou th  A m b oy, N . J.

O R T H O -T O L ID IN E  A S  A  R E A G E N T  F O R  T H E  C O L O R I
M E T R IC  E S T IM A T IO N  O F  S M A L L  Q U A N T IT IE S  O F  

F R E E  C H L O R IN E — A  C O R R E C T IO N

In  the article under the above title, T h i s  J o u r n a l ,  5 , 9 1 5 , 
in the tab le  a t th e top  of p. 9 1 7 , on ly  the third or final color in 
each case refers to  a  precipitate, the other colors referring to  
clear solutions.

S. J. H a u s e r
N o v e m b e r , 14, 1913

BOOK REVIEWS
Industrial and M an u facturin g C hem istry: O rganic. B y  G o e f -  

f r e y  M a r t i n  (assisted b y  fourteen specialists). N ew  Y o rk , 
D . A ppleton  &  C o., 1913. Large octavo , xx +  726 pp.

M artin  states in his preface th a t this book em braces both 
B ritish  and A m erican  practice and th a t his aim  as editor has

been to  cover the whole range of subjects w ith  w hich the indus
trial chem ist and m anufacturer are u su ally  concerned, and to 
m ake a  book w hich w ill serve either as a text-book or as a  w ork 
of reference.

T h e  book is divided in to tw en ty-three sections as follow s: 
T h e  Oil, F a t, V arn ish  and Soap Industry, 1 3 9  pages; T h e  Sugar
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Industry, 35 pages; T h e Starch Industry, 12 pages; T he Cellu
lose Industry, 32 pages; Ferm entation  Industries, 104 pages; 
T h e  C harcoal and W ood D istilling Industries, 14 pages; T he 
T urp en tin e and Rosin Industry, 8 pages; Industrial G um s 
and Resins, 8 pages; T h e  R u bb er Industry, 16 pages; T he In 
d u stry  of A lip h atic  Chem icals, 20 pages; T h e  Illum inating Gas 
Industry, 26 pages; In d ustry  of C oal T a r  and C oal T a r  Products, 
24 pages; In d ustry  of the Syn th etic  Coloring M atters, 44 pages; 
T h e  Ind ustry of N atu ra l DyestufTs, 6 pages; T he In k  Industry, 
8 pages; T h e  P ain t and Pigm ent Industry, 18 pages; T extile 
F iber, B leaching and W ater-Proofing Industry, 16 pages; T he 
D yein g  and C olor-printing Industry, 34 pages; T h e Leather 
and T an n in g Industry, 28 pages; G lue, G elatine and Album en 
Industry, 8 pages; T h e  In d ustry  of M odern Syn th etic and Other 
D rugs, 18 pages; T h e M odern E xplosives Industry, 34 pages; 
T h e  In d ustry  of Photographic Chem icals, 10 pages.

M ilk , cheese, condensed m ilk and m ilk powders are discussed 
in the section on the fa t  industries. E xcep t for incidental men
tion in connection w ith  fats and gelatin, no account is given of 
the in dustry of slaughtering and m eat packing, which, according 
to  the U . S. Census, is the largest m anufacturing industry in 
this country. E x cep t for sugar and fa t the food industries, 
generally, are inadequately treated, the author apparently not 
realizing to  w h at extent these industries are now coming under 
chem ical control.

A s is to  be expected in a w ork consisting of a collection of chap
ters w ritten  b y  different persons, the tex t is of uneven quality. 
Som e of the chapters are well w ritten  and give a good conception 
of the industries described; others are little  more than catalogues 
of the m aterials and products of the industry. A t  the beginning 
of each chapter is given a short bibliography, usually confined 
to  book titles and n ot extending to  periodical literature. In 
those sections in w hich m anufacturing processes are described 
there are num erous good cuts, and am ong these it is a pleasure 
to  find several w hich appear to be new.

On the whole, the w ork does not seem to be sufficiently well- 
balanced or well-digested to m ake a satisfactory text-book, 
b u t it appears well w orth y of a  place on the reference shelf.

H . C. S h e r m a n

C hem istry of the Oil Industries. B y  J. E . S o u th c o m b e ,  M .S c .,  
chief chem ist of the H enry W ells Oil Co., Salford; lecturer 
on oils and fats, R o yal Salford Technical Institute, etc. 
(Van N ostrand, 1913.)

T h is book seems destined to be popular as its two hundred 
pages run nearly the whole gam u t of the oil industry, em brac
ing petroleum , shale oil, waxes, anim al and vegetable oils and 
their products, coal tar oils receiving little  mention.

Our m ain utterance is not against, b u t because of this book. 
In  the past tw elv e  m onths or so a num ber of text-books on 
oils h ave  appeared, such as the 1913 edition of Holde, Unter- 
sucliung der Kohlenwasserstoffolc u n i Fette, which covers in a 
som ewhat more com prehensive m anner the field treated b y  
Southcom be. T h en  there is a little  book b y  G urw itsch, Wissen- 
schaftliche Grundlagen der Erdolbearbeitutig, treating the subject 
of petroleum  in an adm irable w ay. T hese w ith  Rakusin and 
several others afford p lenty of publications from the German 
or Russian standpoint. Through an Am erican publisher, 
two English writers, B olton  and R evis, have ju st issued a book 
on F a t ty  Foods. A  recent book b y  Simmons and M itchell 
on Edible Oils and F a ts  is also a terse contribution to the subject.

In  short, we have p len ty  of text-books or m anuals from authors 
on the other side, who are largely unfam iliar w ith  the practice 
in this cou n try  and often do not a ttem p t any description of 
Am erican m ethods. P ractically  no books treating of Am erican 
practice in a  satisfactory and com prehensive w a y  exist and one 
m ust hunt up chapters in various treatises in order to  secure the 
rather m eagre m aterial available. T h e appearance of another

A m erican publication b y  a w riter from  abroad, leads us to  plead 
for a book on the oil industry w ritten  b y  A m erican experts. 
A  treatise in the style  of R odger’s Industrial Chem istry, b u t 
devoted solely to  petroleum , coal tar, anim al and vegetable 
oils and waxes, prepared in collaboration b y  Am erican chem ists 
would be m ost welcom e and A m erican publishers undoubtedly 
would be assured of much better sales for such a  book than for 
those from English writers.

B u t to  return to Southcom be, the first chapter entitled 
Introductory Organic Chem istry, although giving one a “ C oo k ’s 
T o u r ”  through the subject, is really  adm irably written. T h e 
chapters on mineral and shale oils are rather brief, bu t give 
a general notion of present-day theory and practice. Benzene 
is described as having a  boiling point of 85 0 C. In the preface, 
Southcom be intim ates th a t colloid chem istry is one of the im
portant considerations involved in the present study of oils, 
bu t it appears th a t he has not discussed this phase of the subject 
to  a  sufficient exten t in v iew  of the striking developm ents re
ported. A lthough he describes the form alite reaction, he does 
not m ention the R akusin  phenomenon. T h e subject of refined 
petroleum  is hardly adequately discussed.

C hapter I I I  on the sources of saponifiable oils treats, a t un
expected length, the subject of extraction  w ith solvents; or rather 
the solvents them selves, the chem ical properties of the latter 
being described largely to the exclusion of a discussion of their 
operative qualities. F or exam ple, data  on the preparation of 
tetrachloride of carbon, its specific grav ity , boiling point, etc., 
is given, b u t no m ention is m ade of the technically im portant 
fact th a t tetrachloride of carbon decomposes in the presence of 
w ater yielding acid which attack s the apparatus in which ex
traction  is being conducted. N or is it stated th at eth ylen e tri
chloride which is now on the m arket and used not inconsiderably 
is generally more satisfactory than the tetrachloride on the score 
of stab ility.

T h e  chapter which follows on technical m ethods of rem oving 
im purities from  crude oils and fats in some respects is deficient 
from the standpoint of Am erican practice. O n ly one or two 
lines are given  over to fuller’s earth, while considerable space 
is devoted to  bichrom ate bleach and similar bleaches of lesser 
im portance. D eodorizing fa tty  oils b y  treatm ent w ith  super
heated steam  in partial vacuum  is quite too general a  m ethod to 
fail of mention.

In  C hapter V  the topic of unsaturated acids is incomplete 
for a book published in the year 1913 because only the merest 
reference is made to  the hardening of fats and fa tty  acids b y  hyd ro
genation. T his generally regarded epoch-m aking developm ent 
is alluded to on page 87 as follows; “ A  num ber of patents have 
been taken ou t purporting to effect the reduction b y  passing 
hydrogen gas over m ixtures of the acids and finely-divided 
nickel which acts as a hydrogen carrier or cata ly st.”  In  view  
of the wide-spread adoption of hydrogenation methods we re
gard this brief m ention as inadequate.

T h e chapter on A n alytical M ethods is on the whole com 
m endatory, although some tests, such as th at given for the 
detection of rosin oil, could be elaborated to advantage. T he 
prevalent use of electric heating appliances m akes it nowadays 
unfashionable to illustrate Soxhlet extraction  apparatus w ith 
a Bunsen burner. On pages 134-135 photo-m icrographs of 
cholesterol and phytosterol could w ell supplem ent the free 
hand sketches shown. T h e determ ination of m elting point and 
titer is not given sufficient consideration. From  Southcom be’s 
discussion of viscosity  one would think the only m ethod for v is
cosity  determ ination is b y  the B overton  R edw ood Viscosim eter, 
w hich, although a widely used instrum ent in Engl nd, is not in 
general use in this country. N o  other viscosim eter is described 
and the treatm ent of the subject is regarded as incomplete. 
The subject of colorim etry receives no consideration.

Polym erized and blown oils and also T u rk e y  red oils are briefly
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described under the industrial applications of fats and oils. 
T h e distillation of fa tty  acids (C h apter X )  and candle m anu
facture, soap-m aking and glycerine (C hapter XX) com plete 
the descriptive part of the book. A  few pages of concluding 
m atter on "S cien tific  and T echnical R esearch on Problem s in 
the Oil and R elated  Industries”  are of considerable interest.

In  spite of the foregoing com m ents the book is h ighly to be 
recom m ended as giving, in a com prehensive form, the im portant 
facts connected w ith  th is subject, rem em bering as the author 
would have us, " t h a t  in so sm all a volum e it has been impossible 
to  deal in any w a y  com pletely w ith  the m ultidude of facts and 
theories relative to  such an extensive subject, and the object of 
the w ork is rath er to fill the gap betw een the elem entary te x t
books of pure chem istry and the num erous technical treatises 
and m onographs of a highly specialized character.”

C a r l e t o n  E i .u s

Explosives: A  Synoptic and Critical Treatm ent of the L itera
ture of the S u b je ct as G ath ered  from  Various Sources. B y
H. B r u n s w i g .  T ranslated and A n notated b y  Charles E . 
M unroe and A lton  L. K ib ler. 350 pp. Illustrations and 
T ables. John W iley  and Sons, N ew  Y o rk , 1912. Price, 
$300.
T h e appearance of D r. B riinsw ig’s book in G erm an y in 1909 

attracted  w idespread attention  and m uch favorable com m ent. 
A s stated  in the preface the ob ject of the book is to gather to
gether the facts recorded in the literature of explosives, arrange 
them  in accordance w ith  physical chem ical view s, and m ake 
a  su rvey of the present status of the chem istry of explosives 
and its m ost im portant aims. A lthough m any volum es have 
been w ritten  on the su bject of explosives from a  technical stan d
point, it rem ained for D r. B runsw ig to  collect the various data 
pertaining to  the scientific stud y of the subject and arrange them  
in an exact science of the chem istry of explosives.

P rim arily  intended as a text-book, an extended exposition of 
in tricate m athem atical problem s related to the su bject has been 
om itted for the benefit of those technical workers who do not 
possess an advanced m athem atical know ledge b u t who are 
interested in a  scientific treatm ent of explosives. On the 
other hand, all s tr ic tly  technical term s have been avoided th at 
the book m ay be intelligible to  those who have only a theoretical 
and scientific knowledge of the subject. In adapting his book 
to  these tw o classes of readers, D r. Brunsw ig has produced a 
w ork w hich is readable b y  all classes interested in the su bject 
— and y e t  a t  the sam e tim e is thoroughly scientific and more 
deeply technical th an  a t  first reading would appear.

D r. B runsw ig is peculiarly fitted to  produce such a  w ork as 
has been described above. H is connection w ith  the "Z en tral- 
stelle fur W’issenschaftlichtechnische U ntersucliungen”  a t  N eu- 
babelsberg has brought him  into close con tact both w ith  the 
practical and technical use of explosives on the one hand, and 
the theoretical and scientific investigations which have been 
conducted, 011 the other. In  collecting his data  he has not, b y  
an y  m eans, confined him self to the G erm an sources of literature 
b u t has laid  the chem ical literature of all countries under contri
bution. T h e G erm an source of the book should therefore not 
deter a n y  one from  its use.

T h e  book is divided into tw o parts. P a rt I, which is b y  far 
the larger and more im portant, deals w ith  a scientific discussion 
of the law's and behavior of explosive system s. T h e  following 
subjects are discussed in detail in as m any chapters: C on 
ditions, governing explosive reactions, including a  discussion of 
exotherm al reactions, sensitiveness and initial impulse; velocity  
of explosive reactions, including discussions of the influence 
of tem perature, pressure and cata ly tic  agents, both on initial 
v e lo city  and velo city  o f propagation; pressure developed b y  ex
plosions, w ith  rate of increase and m axim um  pressure; tem pera
ture o f explosions; gases from  explosive reactions, w ith  influence

of pressure and tem perature; explosions b y  influence, w ith  both 
velo city  and in tensity  of explosive im pulse; and the flame of 
an  explosion.

P a rt II  describes the characteristics of particular explosives, 
which are divided into propellants and blasting explosives. 
T his part of the w ork is of necessity treated briefly  in order to 
cover the whole ground. T h e details of m anufacture are, of 
course, not described. T h e  treatm ent is confined to  a  brief 
historical sketch of each explosive, its general properties, n ature 
and purpose and an indication of the m ethod of its m anufacture.

W e have seldom seen a book so thoroughly indexed. A  table  
of contents gives a t a glance the general arrangem ent of the su b 
jects treated. A n  exhaustive index, both  of authors and subjects, 
enables the reader to turn a t  once to  a n y  fact which the book 
contains. A n  idea of the large am ount of literature laid  under 
contribution in the preparation of the book is gleaned from the 
index of authors w hich covers fourteen pages. T h roughout 
the book references to the original literature are cited  so th at the 
book m ay be used as a  basis for an extended investigation  into 
any line connected w ith  explosives.

T h e translators have done their w ork rem arkably  well. I t  
is not a literal translation of the G erm an form  of speech and 
sentence, b u t a  sym pathetic transference of th ough t from  the 
G erm an into the English^ channels. A t  the sam e tim e the idea 
of the original is strictly  adhered to. A  large num ber of addi
tional references and notes from A m erican sources have been 
added b y  the translators and this largely increases its value to 
Am erican readers.

A . M . C o m e y

A llen ’s C om m ercial O rganic A n alysis. V olum e V I I . B y  the 
editors and the following contributors: G . B arger, V egetable
A lkaloids; E . F. A rm strong, G lucosides; G . C . Jones, N on- 
glucosidal B itte r Principles; A . E- T aylo r, A nim al Bases;
G. B arger, Ptom aines or Pu trefaction  Bases; J. A . M andel, 
A nim al A cids; W . A . D avis, L a ctic  A cid ; and H erbert Philipp, 
C yanogen and its D erivatives. Fourth  edition. E n tire ly  
rew ritten. Philadelphia, P. B lak iston ’s Son &  C o., 1913. 
558 pp. Price, $5.00.

T h is edition differs from  the form er in having been w ritten  
b y  several men expert in the particular field.to w hich the individual 
chapters are devoted. T his ought to be of valu e, since it  is 
difficult for a n y  one to  be so well versed in the w hole field of 
organic analysis as a  book of this kind requires. A  large por
tion is descriptive m atter rath er th an  consisting of m ethods 
of analyses, w hich w ill a lw ays be of valu e  to  the analyst, a lthough 
it does not conform  exactly  to  the title of the book. T h e sam e 
plan of classification and subjects discussed has been followed, 
thus m aking it  more convenient for those a lread y fam iliar w ith  
the older edition. T h e  m aterial has been gotten  up v e ry  w e ll, 
and on ly  a  few  errors were noticed such as on page 206, the defini
tion of am ic acids is rather vague, and on page 212 the term  
phenyl isocyanate is used for phenyl uram ino-derivative. On 
the whole, the book is excellent and ought to receive a  h earty  
welcom e b y  all chem ists interested in this field of work.

J. M . N e l s o n

N atural R o ck  A sp h alts and B itum ens. B y  A r t h u r  D a n b y .
D . V a n  N ostrand C o., 1913.

A s  stated  in the preface, the book is w ritten  for those who 
are desirous of obtaining a deeper and clearer insight in to the 
production, properties and uses of asphalts and bitum ens, and 
who "fin d  th at such know ledge is inaccessible, ow ing to  the lack  
of a n y  recent English w ork dealing w ith  th em .”  T h is  sta tem en t 
is undoubtedly correct if it alludes to publications ap p earin g in 
G reat B ritain , b u t the auth or a p p are n tly  overlooks the fa c t  
th at during the past few years, a  num ber of excellent books 
dealing w ith  this sam e su bject have b e e n  published in the U nited
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States which are quite accessible to the English public. In 
fact, the author openly states th at the tw o chapters on “ Am erican 
D eposits of B itum en ”  have been com piled largely from M r. 
Clifford R ichardson’s w ork “ T h e M odern A sph alt Pavem en t.”

T h e book under review  is largely a reiteration of w h at has 
been published in other works, and contains either little  new 
m atter or the results of original research. I t  is w ritten  in a 
sem i-scientific style, and fails to  im part even to the lay  reader 
a  sufficiently lucid explanation of the physical and chemical 
properties of the asphalts and bitum ens under discussion, to 
enable him  to draw any conclusions as to  w h at purposes th ey 
are adapted, and to w h at not. Reference is made to the h yp oth
eses and conclusions of early writers, which however in view  
of recent disclosures arc no longer tenable. These are presented 
to  the reader as facts bearing on the subject under discussion, 
and w ithout any explan atory statem ents. T hu s on pages 139 
and 140 the term s “ petrolene”  and “ asphalten e" are stated 
to  have originated w ith B oussingault in 1836, w ho separated 
the bitum en into these tw o bodies b y  distillation. T he author 
goes on to  sa y  th at the m ethods now  in vogue for determining 
petrolene are b y  distilling the bitum en w ith water, b y  solubility 
in boiling alcohol, or b y  sim ply heating to  a tem perature of 250 
to 260° C . and noting the loss in w eight. A n y  one fam iliar with 
this su bject will know  th at these altern ative methods will fail 
to  give equ ivalen t results, and are a t best grossly misleading.

T h e  auth or’s definitions of the term s “ B itum en,”  “ P itch ,”  
and “ A sp h alt,”  proposed on page 7 are untenable and a t  variance 
w ith  the consensus of opinion. T hu s bitum en is defined as 
"su b stan ces w hich are found in nature * * * which are com
pletely soluble in  carbon bisulfide, b u t only partially  so in ether, 
and alm ost completely insoluble in  alcohol * * and among 
other varieties are stated to  include elaterite and wurtzilite. 
In this connection it is to  be noted, as stated above, th atth eau th o r 
recom m ends th at petrolene be determ ined b y  the solubility 
o f  the m aterial in alcohol. Furtherm ore, it is a  well-known fact 
th a t elaterite and w urtzilite are p ractically  insoluble in carbon

A m m o n ia ,  T h e  O x id a tio n  of, to  N itr ic  a n d  N itro u s  A cids. By
Ed. D o n a t h  a n d  A. I n d r a . 8vo. 110 pp. Price, $1.25. F . Enke, 
S tu ttg a r t.  (G erm an.)

A n a ly sis , I n d u s t r i a l  O rg a n ic . By P aul S. Ar u p . Sm. 8vo. Price, 
$2.00. J . & A. Churchill, London.

A n a ly sis , Q u a l i ta t iv e .  By F . P. T readw ell . 3rd English ed. 8vo.
534 pp. Price, $3.00. John  W iley & Sons, New York. (T ranslation.) 

A n a ly sis , Q u a n t i ta t iv e ,  by  E lec tro ly s is . By A l e x a n d e r  C l a s s e n . 
5 th  ed. 8vo. 308 pp. Price, $2.50. John  W iley & Sons, New York.
(T ranslation .)

A n a ly s is , Q u a n t i ta t iv e  C h e m ic a l, T e x t B ook  of. By A l e x . C .  C u m -  
m i n g  a n d  S y d n e y  A . K a y . D em y 8vo. 396 pp . Price, $2.00. Gurney 
& Jackson, London.

A n a ly sis , Q u a n t i ta t iv e  In o r g a n ic ,  A T r e a t is e  o n . B y  J .  W. M e l l o r .
8vo. 778 pp. Price, $7.50. Chas. Griffin & Co., New York.

C a ta ly s is  in  O rg a n ic  C h e m is try .  B y  P a u l  S a b a t i e r . 8 v o . P r ic e ,  
$2.50. Paris, 1913. (French.)

C e llu lo id . B y P i e s t , S t i c h  a n d  V i e w e g . 8 v o . Price, $2.25. Wilhelm 
K napp , Halle.

C h e m is try ,  I n o r g a n ic  a n d  O rg an ic . B y  C h a r l e s  L. B l o x a m . 10th 
e d . 8vo. P r ic e ,  $5.25. J . & A. C h u r c h i l l ,  London.

C h e m is tr y ,  T e x tb o o k  of. B y  W i l l i a m  A. N o y e s . 8 v o . 602 p p .
H enry  H olt & Co., New York.

C y an id s , T h e  C h e m ic a l P ro ce sse s  o f E x tra c t in g  S ilver O res w ith .
By E m il K u e h n . 8v o . 108 pp. Price, $1.50. W ilhelm K napp, Halle.
(G erm an.)

D is t i l la t io n ,  T h e  M o d e rn  A r t  of. B y E . W a l t e r . 3rd ed. 8vo.
142 pp. Price, $2.25. G. H arnecker, F ran k fu rt a /O . (G erm an.) 

F o o d  I n s p e c t io n  a n d  A n a ly s is . By A l b e r t  E. L e a c h  a n d  A n d r e w  
L- W i n t o n . 3rd ed. L . 8vo. 1001 pp. Price, $7.50. John 
Wiley & Sons, New York.

F u l l e r ’s E a r th .  By C h a r l e s  L. P a r s o n s . 8vo. 38 pp. U. S. Bureau 
of M ines, B ulletin 71.

bisulfide, and this is borne out on page 117, where the author 
himself contradicts his previous statem ent.

T h e chapter entitled “ T ests and A n alyses”  includes a num ber 
of methods which on their face cannot possibly give reliable 
results. Thus on page 138 it is stated  w ith reference to the 
determ ination of the mineral m atter in asphalts: “ If there
are any mineral bodies present mixed w ith these organic su b
stances, they remain unchanged even when the basin is brought 
to  a  constant w hite heat and th at tem perature sustained for a 
long tim e.”  T his w ould certain ly tend to decompose the lim e
stone (calcium carbonate) which occurs in most of the con ti
nental rock asphalts. T h e m ethod for determ ining the m elting 
point (page 141) is inaccurate, and m anifestly inferior to others 
in current use. Several m ethods are recomm ended for differ
entiating betw een asphalts of natural and artificial origin im 
spite of the fact th at authorities have repeatedly questioned 
their reliability.

T h e chapters on “ T h e  C arryin g O u t of R ock A sp h alt W o rk ” ' 
and “ T h e  C arryin g O u t of R ock  A sp h alt M astic  W o rk ”  are 
quite comprehensive, although the methods described are a t 
variance w ith  the practice in this country. In  m arked con trast 
to the rest of the work, the section devoted to rock asph alt 
m astic work goes into the su bject w ith  the m inutest detail, 
both in illustrations and in reading m atter. This, how ever, 
will scarcely be of practical interest to  the A m erican reader.

Upon reading through the book, one cannot help noting th e  
ram bling w a y  in which it is w ritten, and the m any digressions 
from  the m ain theme.

H e r b e r t  A b r a h a m

C O R R E C T IO N  

Liquid Air— O xygen— N itrogen. B y  G e o r g e s  C l a u d e .

T h e price of $1.50 quoted in our review of this book ( T h i s  
J o u r n a l ,  5, 876) w as a m istake. T h e price given b y  B lakiston ’s 
Son &  Co., Philadelphia, is $5.50.

F u rn a c e s ,  E lec tr ic , in  t h e  I r o n  a n d  S te e l I n d u s t r y .  By W. R o d e n * 
h a u s e r  a n d  I .  S c h o e n a w a . 8vo. 419 pp. Price, $3.50. John  
Wiley & Sons, New York. (T ranslation.)

In f la m m a b il i ty  of C oal D u s t ,  A L a b o ra to ry  S tu d y  of th e .  By J . 
C. W. F r a z b r , E. J .  H o f f m a n  a n d  L- A. S c h a l l , J r . 8 v o . 5 8  pp. 
U . S . B ureau of M ines, Bulletin 5 0 .

In o r g a n ic  C h e m is try ,  H a n d b o o k  of th e  M e th o d s  of. I. By A r t h u r  
S t a e h l e r . Vol. 5. L. 8vo. Price, $7.00. Veit & Co., Leipzig. 

M eta ls : T h e  Q u a n ti ta t iv e  M e th o d s  fo r  t h e  E x a m in a t io n  o f M o ly b 
d e n u m , V a n a d iu m , T u n g s te n ,  th e i r  O res, S tee ls , A lloys a n d  C o m 
p o u n d s . By H . M e n n i c k e . 8vo. Price, $2.25. M . K rayn, Berlin. 
(German.)

M ilk , I t s  P ro d u c t io n ,  E x a m in a tio n , H a n d lin g  a n d  U se. By H .
T i e m a n n . 8 v o . 144 pp. Price, $1.50. H . Reichenbach, Leipzig. 
(German.)

O rg a n ic  S u b s ta n c e s ,  T a b le  of th e  M o s t I m p o r ta n t ,  A rra n g e d  A c
c o rd in g  to  M e lt in g  P o in ts .  By R. K e m p f . 8v o . Price, $1.50.
F. Vieweg & Sohn, Brunswick. (German.)

P o w er fo r  F a c to r ie s , D e te r m in a t io n  o f th e  C h e a p e s t  S o u rc e  o f. 
By K a r l  U r b a h n . 2nd ed. 8vo. Price, $1.25. Julius Springer, 
Berlin. (German.)

P u m p in g  a n d  H y d ra u lic  M a c h in e ry , M o d e rn . B y  E d w a r d  B u t l e r .
8vo. 473 pp. Price, $4.50. Chas. Griffin & Co. London.

R are  E a r th s ,  T h e  Use of th e .  B y  C. R .  B o e h m . 8vo. $1.25. V eit 
& Co. Leipzig. (German.)

R u b b e r :  C a o u tc h o u c  a n d  G u t ta  P e rc h a  R es in s . B y  G. H i l l e n .
8vo. 95 pp. $1.25. M. Drechsel. Berne.

R u b b e r ,  T h e  P r e p a ra t io n  of P la n ta t io n .  B y  S i d n e y  M o r g a n . 8 v o .
Price, $2.75. R ubber Growers’ Association, London.

S p e c tra l  C h e m is try ,  I n t r o d u c t io n  to .  By G. U r b a i n . 8vo. 215 pp.
Price, $2.50. T h . Steinkopff, Dresden. (G erm an.) (T ranslation.) 

S u g a rs  a n d  T h e ir  S im p le  D eriva tives, T h e . J o h n  E. M a c k e n z i e . 
Demy 8vo. 258 pp. Price, $2.00. G urney & Jackson, London.

NEW PUBLICATIONS
B y  D. D. B e r o l z h e i m e r , Librarian The C hem ists’ Club, New Y ork
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S u lfu ro u s  A cid  a n d  i t s  C o m p o u n d s  w ith  A ld e h y d es  a n d  K e to n e s .
By W . K eip , et al. 8vo. 369 pp. Pricc. S3.00. Kaiserliches G esund
heitsam t, Berlin. (G erm an.)

T e x til F ib e rs , T ex tb o o k  o f t h e  C h e m ic a l T e c h n o lo g y  of th e .  V ol. I .  
B y G. v o n  G e o r g i e v i c s . 4 th  edition. 8vo. Price, $3.75. E . G ran- 
mougin, Leipzig. (G erm an.)

W a te r  B ac te r io lo g y , E le m e n ts  o f, w ith  S p e c ia l R e fe re n c e  to  S a n i ta ry  
W a te r  A n a ly sis . B y S. C. P r e s c o t t  a n d  C .-E . A. W i n s l o w . 3rd 
ed. Sm . 8vo. 318 pp. Price, $1.75. John W iley & Sons, New 
Y ork.

W a te r  P u r if ic a t io n  a n d  S ew age D isp o sa l. B y  J . T i l l m a n s . 8 v o .

143 pp. Price, $2.00. D . V an N ostrand  Co., New York.
W a te rs , U n d e rg ro u n d , fo r  C o m m e rc ia l  P u rp o se s .  B y  F r a n k  L .  

R e c t o r . 12mo. 97 pp. Price, $1.00. John  W iley & Sons, New 
York.

R E C E N T  JO U R N A L  A R T IC L E S
A c e to n e , T h e  D e te r m in a t io n  o f. B y  W . M .  M a r r i o t t . Journal 

of Biological Chemistry, Vol. 16, 1913, No. 2, pp . 281-291.
A lco h o l a n d  A lc o h o lo m e try , B ib lio g ra p h y  o f th e  L i te r a tu r e  of. 

By E . C. M c E lv e y . Bulletin o f the Bureau o f Standards, Vol. 9, 1913, 
No. 3, pp . 436—474.

A lco h o l, E th y l,  a n d  I t s  M ix tu re s  w i th  W a te r , D e n s ity  a n d  T h e r m a l  
E x p a n s io n  o f. B y  N . S .  O s b o r Ne , E. C. M c K e l v y  a n d  H . W . B e a r c e . 

Bulletin o f the Bureau o f Standards, Vol. 9, 1913, No. 3, pp . 327-435. 
A m m o n ia , T h e  I n o r g a n ic  S y n th e s is  of. B y  O t t o k a r  S e r p e k . Zeit

schrift fuer angewandte Chemie, Aufsatzteil, Vol. 26, 1913, No. 83, pp. 
606-609.

C a lc iu m , G ra v im e tr ic  D e te r m in a t io n  of, a s  O x a la te . B y  S .  G a y .

Chemiker Zeitung, Vol. 37, 1913, No. 131, pp . 1337-1338.
C h lo ro p h y ll .  B y  R .  W i l l s t a e t t e r . Zeitschrift fuer angewandte Chemie, 

Aufsatzteil, Vol. 26, 1913, No. 89, pp. 641-645.
C o als  o f C a n a d a , T h e . A n o n y m o u s . Bulletin o f the Im perial Institute, 

Vol. 11, 1913, No. 3, pp. 496-513.
C o n d e n s a t io n  P r o d u c t ,  a  P h e n o l-F o rm a ld e h y d e ;  J u v e l i th .  B y  

F r i t z  P o l l a k . Chemiker Zeitung, Vol. 37, 1913, No. 121, p p .  1233- 
1234.

D y e in g  of W ool, S tu d ie s  i n  t h e .  By J . M e r r i t t  M a t t h e w ’ s . Canadian 
Textile Journal, Vol. 30, 1913, No. 11, pp . 347-349.

F u r n a c e s ,  E le c tr ic ,  T h e ir  D e s ig n , C h a r a c te r is t ic s  a n d  C o m m e rc ia l  
A p p lic a tio n . B y  W .  M cA . J o h n s o n  a n d  G. N . S i e g e r . Metallurgical 
and Chemical Engineering, Vol. 11, 1911, No. 11, pp . 643-648.

G as, B la s t - F u r n a c e ,  T h e  C le a n in g  o f. B y  W . A .  F o r b e s . Bulletin  
o f the American Institute o f M in ing  Engineers, 1913, N o .  82, pp . 2477- 
2514.

G as, O il. B y  L. B .  J o n e s . American Gas Light Journal, Vol. 99, 1913, 
N o. 18, pp . 273-279 and  282.

M e rc u ry , O c c u r re n c e , D is t r ib u t io n  a n d  U ses o f. A n o n y m o u s . 

Bulletin o f the Im perial In stitu te ,' V o l .  11, 1913, N o .  3, pp . 479-495.
M e ta ls  a n d  A lloys, C o lo rin g  N o n -fe r ro u s . B y  E. F .  L a k e . Scientific 

American Supplem ent, Vol. 76, 1913, No. 1973, pp. 266-269.
M ilk , Q u a l i ta t iv e  D e te r m in a t io n  o f F a t  in .  B y  W a l t e r  L. C r o l l . 

Biochemical Bulletin, V o l .  2, 1913, N o .  8. pp . 509-518.
N itro c e llu lo s e s ,  T h e  E x a m in a t io n  o f, u n d e r  t h e  P o la r iz a t io n  M ic ro 

sco p e . B y  H a n s  A m b r o n n . Kolloidchemische Beihefle, V o l .  13, 1913, 
N o .  4, pp . 200-207.

O re s : T h e  S c ie n tif ic  F o u n d a t io n s  o f t h e  R o a s t in g  P ro ce sse s . B y

R u d o l f  S c h e n c k . Zeilschrift fuer angewandte Chemie, Aufsatzteil, 
Vol. 26, 1913, No. 87, pp . 646-652.

P y r o p h o r ic  M e ta ls .  B y  W .  D e d e r i c i i s . Welt der Technik, Vol. 75, 
1913, No. 19, pp. 370-371.

S ilk , T h e  M a n u f a c tu r e  o f  A rtif ic ia l, f r o m  C o tto n .  B y  I I .  R .  C a r t e r . 

Cotton, Vol. 78, 1913, No. 1, pp. 28-31.
S te e l M a k in g , F u e l  P o s s ib il i t ie s  in .  B y  W i l l i a m  W i i i g h a m . Coal 

and Coke Operator and Fuel Magazine, V o l .  32, 1913, N o .  1, pp . 595-598.
S te e l, T h e  In f lu e n c e  o f V a r io u s  E le m e n ts  o n  th e  A b s o r p t io n  o f 

C a rb o n  b y . B y  R o b e r t  R ,  A b b o t t . Bulletin of the American Institute  
o f M in ing  Engineers, 1913, N o .  82, pp . 2389-2400.

S te e l, T h e  O v e r-O x id a tio n  o f. B y  W .  R .  S h i m e r  a n d  F .  O . K i c h l i n e . 

Industrial World, V o l .  47, 1913, N o .  42, pp. 1255-1257.
S to n e :  T h e  M o d e rn  M a n u f a c tu r e  o f  A rtif ic ia l M a rb le .  B y  M a u r i c e  

d e  K e g i i e l . Revue de Chirnie Induslrielle, V o l .  24, 1913, N o .  286, 
pp. 245-251.

S u g a r :  R e c e n t  D e v e lo p m e n ts  i n  E v a p o ra tio n . B y  A l f r e d  L. 
M e b r e . Louisiana Planter, Vol. 51, 1913, No. 18, pp. 306-310.

T i ta n iu m ,  D e te r m in a t io n  o f, b y  T i t r a t i o n  w ith  M e th y le n e  B lu e . 
B y  B e r n h a r d  N e u m a n n  a n d  R o b e r t  K .  M u r p h y . Zeilschrift fuer  
angewandte Chemie, Aufsatzteil, V o l .  26, 1913, N o .  83, pp . 613-616.

T o w ers , A b s o r p t io n  a n d  R e a c t io n , fo r  C h e m ic a l  W o rk s . B y  R u d o l f  

H e i n z . Chemical Engineering and the Works Chemist, V o l .  3, 1913, 
N o .  29, pp. 273-277.

Z in c , C o n d e n s a t io n  of, G as  to  L iq u id , i n  t h e  P re s e n c e  of I n e r t  G as. 
B y  C l e r c . Metallurgical and Chemical Engineering, Vol. 11, 1913, 
No. 11, pp. 637-640.

RECENT INVENTIONS
B y C. L .  P a r k e r , Solicitor of Chem ical P a te n ts ; M cGill B uilding, W ashington , D . C.

C aoutchouc Substan ce. C. H arries, Sept. 16, 1913. II. S. 
P at. 1,0 73,116 . T h e com position is produced b y  subjecting 
isoprene to th e'actio n  of sodium.

Treatm ent of M etal-bearin g  Solutions. E . A . A shcroft, 
Sept. 2, 1913. U. S. P at. 1,071,856. Zinc is obtained from  solu
tion b y  adding calcium  cyan am id  and heating th e m ixture.

Iron and S teel R efin ed  by Ferrochrom ium  Alloy. J. B uchel, 
Sept. 2, 1913. II. S. P at. 1,071,873. A n  expeditious and uni
form  distribution of the chrom ium  introduced as ferro-chrom ium  
into the b a th  of the m etal under treatm en t is obtained b y  add
ing carbon-free ferrochrom ium  containing a reducing agent.

C yanogen Com pounds, etc. C. E . A cker, Sept. 2, 1913.
H. S . P at. 1,072,373. A n  im palpable am orphous carbid of some 
reactive  m etal such as barium , lithium , calcium , strontium  or

T h e  product of the reaction is dissociated in th e presence of an 
alkali m etal, th ereby causing the carbon and nitrogen to unite 
w ith  such a lkali m etal to  form  the product sought.

Explosive. J. F . O ’B rien, Sept. 2, 1913. U. S. P a t. 1,071,949.
T h e  com position contains potassium  chlorate, naphthalene, 
asphalt dissolved in crude oil d istillate, pow dered carbon, potas
sium  ferrocyanide and silica.

R u st Proofing Iron,
S teel, etc. A . Bontem pi,
Sept. 9, 1913. U. S . P at.
1,072,904. T h e  m etal is 
subjected to the fum es of 
a  fused non-corrodible 
m aterial such as zinc or 
lead while m aintained a t 
a  tem perature above the 
fusing point b u t below the 
fum ing poin t of th e coat
ing m aterial. T h e  process 
m a y  be practiced in a  muffle furnace of the character illustrated.

m anganese, held in suspension in and diffused through a  nitro- Explosive. J. F . O ’B rien, Sept. 16, 1913. U . S. P at. 
geneous salt, is reacted upon b y  a nitrogeneous reagent such as 1,073,279. T h e  explosive contains potassium  chlorate, sodium
nitrogen, nitrids or am m onia, a t  a tem perature above 500°. nitrate, liquid binitrotoluene and sawdust.
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M ak in g Iron and S teel. J. R . B illings, Sept. 23, 1913. U. S. 
Pat. 1,073,587. Pow dered carbon is forced b y  plunger 18 dow n
w ard into m olten iron contained in the ladle 1. R egulated 
portions of this carbon escape and rise freely through the mass. 
S im ultaneously w ith  this operation regulated quantities of 
oxygen are forced through passages 9 and openings 13 into the 
iron, th e q u an tity  of oxygen em ployed being not greatly  in ex
cess of the am ount required to  effect the com plete com bustion

of th e  carbon, w ith  the production of the m axim um  q u an tity

~ ~ 1 T

of a large current of low voltage per u n it distance of separation 
o f the electrodes. T he arc is caused to rotate  b y  means of stream s 
of the gases to be acted upon projected into the furnace through 
the angularly  disposed nozzles g.

H igh Concentration of W atery  N itric Acid. H . Pauling, 
Sept. 30, 1913. U. S. P at. 1,074,287. D ilute n itric acid to be 
concentrated enters the reaction colum n 12 through pipe 16 
while sulfuric acid of S o %  grade enters through pipe 17. T h e 
falling stream s are met b y  a  countercurrent of superheated 
steam  w hich enters the colum n 
through pipe 13. In  the reaction 
colum n the n itric acid is alm ost 
com pletely separated from  the 
w ater w hich it  contains. T h e 
steam  is absorbed b y  the sulfuric 
acid and the la ten t heat liber
ated evaporates the n itric  acid 
which escapes through pipe 14 
into th e cooling coil 19 from 
w hich it passes into condensers
20 and 21. T h e  acid from  the 
condenser 20 m ay be returned 
to  the reaction colum n through pipe 22 for further treatm ent. 
T h e h ighly concentrated nitric acid which collects in condenser
21 is drawn off through pipe 23. T h e spent sulfuric acid which 
contains su bstan tially  all o f the w ater originally present in the 
dilute n itric acid is drawn off through pipe 15 and is concen
trated  for reuse.

of carbon dioxid. T h e m olten m etal w hile h eavily  charged 
w ith  carbon dioxid is converted in to castings.

Synthesizing G ases. W . S ieb ert, Sept. 23, 1913. U . S . P at. 
1,073,823. E lectric flam e discharges are produced betw een 
the rod shaped electrode I and the annular electrode b b y  m eans

Portland Cem ent. J . W . R ichards, Sept. 23, 1913. TJ. S. 
P at. 1,073,820. T his process is designed to produce Portland 
cem ent and iron in a  single operation. A charge of iron is made 
up w ith  the raw  m aterials for producing a lim e alum ina silicate 
slag w ith  an excess of lim estone sufficient to  produce a liquid 
product h av in g  the percentage com position o f Portlan d cem ent 
clinker. T h e  charge is heated in a  reduction furnace having 
a  basic lining to  a sufficient tem perature to  reduce the ore 
and to  cause the clinker to  flow from  the furnace in a  liquid state.

Electrochem ical Process. J . L . R . H ayden, Sept. 9, 1913. 
tT. S. P at. 1,072,945. T his process is stated  to be founded upon 
the p aten tee ’s observation th at the chem ical a c tiv ity  of an elec
trical arc is n o t entirely  due to  the high tem perature existing 
therein b u t is due in p art a t  least to  an electrical effect which 
is d istin ct from  the purely therm al action of the arc and th at

a  high tem perature in the arc therefore represents a  w aste of 
energy. Jn the process a  gaseous m ixture to be chem ically acted 
upon is subjected to a  low  tem perature arc form ed betw een a 
cathode (1) of an  easily vaporizable m aterial such as m ercury and 
a  perforated anode (2) of some m aterial inert under the condi
tions, such as copper.

T reating Sulfid O res.
E. E . B an es, Sept. 16, 
1913. U. S. P at. 1,073,- 
462. F in ely  pulverized 
lead sulfid ore is fed con
tinuously into a  furnace 
through the cores of im
pinging blowpipe flames 
w hereby it  is com pletely 
volatilized  and projected 
in a volatilized condition 
into an enveloping oxi
dizing atmosphere. The 
resulting fum e is drawn 
off and the w hite lead 
sublim ate separated.



MARKET REPORT
AVERAGE WHOLESALE PRICES OF STANDARD CHEMICALS, ETC., FOR THE MONTH OF NOVEMBER, 1 9 1 3  

O R G A N IC  C H E M IC A L S Silver N itra te ..........................................................
A cetanilid .......................................................... 21 @ 23
Acetic Acid (28 per c e n t) ............................ ................ C. 1.75 @ 1.90
Acetone (d rum s)............................................. ..................Lb. 13 V. ® M i/j
Alcohol, denatu red  (180 p roo f)................. ................ Gal. 33 ® 36
Alcohol, grain (188 p roo f)........................... ................ Gal. 2 .48 ® 2.50
Alcohol, wood (95 per c e n t) ....................... ................ Gal. 46 ® 48
Amyl A ceta te ................................................... ................ Gal. 2 .00 @ 2.10
Aniline O il......................................................... ................Lb. 10 ® 10»/i
Benzoic A cid .................................................... ................ Lb. 23 @ 27
Benzol (90 per c e n t) ...................................... ................ Gal. 21 ® 23
C am phor (refined in b u lk ).......................... ................Lb. 42 y  » ® 44
Carbolic Acid (d rum s).................................. ................ Lb. 8 @ 10
C arbon Bisulfide............................................. ................Lb. 6 y , @ 8
C arbon T etrachloride (d rum s).................. ................ Lb. 7*/s ® 7Vs
Chloroform ........................................................ ................ Lb. 25 ® 35
C itric  Acid (dom estic), c ry s ta ls ................ ................ Lb. 55 @ 56
D extrine (corn)................................................ ................C. 3 .02 @ 3.23
D extrine (im ported p o ta to ) ........................ ................Lb. 6 @ 7
E th e r  (U. S. P., 1900).................................. ................ Lb. 14 ® 20
F orm aldehyde .................................................. ................ Lb. 81/, @ 91/ ,
G lycerine (d y n am ite ).................................... ................Lb. 19»/2 @ 20
Oxalic A cid........................................................ ................ Lb. 71/4 @ 7 i/2
Pyrogallic Acid (b u lk ) .................................. ................ Lb. J .20 ® 1.40
Salicylic A cid .................................................... ................ Lb. 25 @ 30
S tarch  (cassava).............................................. ................ Lb. 31/4 @ 4
S tarch  (corn).................................................... ................ C. 2 .24 @ 2.90
S tarch  (p o ta to )................................................ ................Lb. 4V , @ 5
S tarch  (rice)...................................................... ................Lb. 8 ® 9
S tarch  (sago).................................................... ................ Lb. 27«  ® 27«
S tarch  (w h ea t)................................................. ................ Lb. 51/4 @ 6 1/2
T annic  Acid (com m ercial)........................... ................Lb. 35 @ 36
T arta ric  Acid, c ry s ta ls .................................. ................ Lb. 3 13/ 4 @ 32

IN O R G A N IC  C H E M IC A L S

A cetate of Lead (brown, b ro k en )........................ . .  .L b . 7*A ® 8
A cetate of Lim e (g ray ) ............................................ . .  .C . 2 .00 @ 2.05
Alum (lu m p )................................................................ . . . C . 1.75 @ 2.00
A lum inum  Sulfate  (h igh-grade)............................ . .  .C . 1.25 @ 1.75
A m m onium  C arbonate, dom estic ........................ . . .L b . 8 @ 8 1/2
A m m onium  Chloride, g ra y ..................................... 57«  @ 6 1/1
Aqua A m m onia (drum s) 16°................................. . . .L b . 21/4 @ 2  y ,
Arsenic, w h ite . ........................................................... . . .L b . 3 @ 4
B arium  C hloride......................................................... . . .C . 1.75 ® 2.00
Barium  N itra te ........................................................... 51/4 ® 51/2
B arytes (prim e w hite, foreign).............................. 19.00 @ 23.50
Bleaching Pow der (35 per c e n t)........................... . . .C . 1.25 ® 1.30
Blue V itrio l................................................................... . . .L b . 5 @ 5V4
Borax, c rystals (bags).............................................. . . .L b . 3 3A @ 4 %
Boric Acid, crystals  (pow d.).................................. . . .L b . / @ 7 y ,
B rim stone (crude, dom estic).................................. 22 .00 @ 22.50
Bromine, b u lk .............................................................. . . .L b . 30 ® 35
Calcium  Chloride, fu sed .......................................... 60 @ 90
C halk (light p re c ip ita ted )....................................... . . .L b . 4 ® 41/2
C hina Clay (im ported )............................................ . . .T on nom inal
F e ld sp ar......................................................................... . . .T o n 8 .00 @ 12.00
Fu ller’s  E a rth , powdered. F o reign ...................... 16.00 ® 17.00
G reen Vitriol (b u lk ).................................................. 55 @ 60
Hydrochloric Acid (18°).......................................... . . .C . 1.15 @ 1.55
Iodine (resublim ed)................................................... . . .L b . 3 .55 @ 3 .6 0
Lead N itra te ................................................................ . . .L b . 81/ 8 @ S«/4
L itharge (A m erican)........................ ........................ . . .L b . 6 I/4 @ 6 I/2
Lith ium  C arb o n ate .................................................... . . .L b . 65 @ 70
M agnesium  C arb o n ate ............................................. . . .L b . 21 @ 35
M agnesite "C alcined” .............................................. . .T on 28.50 @ 29.50
N itric  Acid, 3 6 ° .......................................................... . . .L b . 3 7 «  ® 41/4
Phosphoric Acid (sp. gr. 1.75).............................. . . .L b . 2 i y , @ 251/s
Phosphorus................. ................................................. . . . Lb. 45 @ 1.00
p ia s te r of P a ris ........................................................... . . .B b l. 1.50 @ 1.70
Potassium  B ichrom ate, 5 0 ° ................................... . . .L b . 6 V 4 @ 7
P otassium  B rom ide................................................... . . .L b . 39 @ 40
P otassium  C arbonate  (calcined). 80 @ 8 5 %  .. . . .C . 3 .25 @ 3 .3 0
Potassium  C hlorate, c ry s ta ls ................................. . . .L b . 7V4 @ - 'A
P otassium  Cyanide (bulk), 9 8 -9 9 % .............. . . . .L b . 19 ® 24
Potassium  H ydrox ide............................................... . . .C . 4 .0 0 @ 4.25
Potassium  Iodide (b u lk ) ......................................... . . .L b . 2.95 ® 3 .00
Potassium  N itra te  (c rude)..................................... . . .L b . 41/s @ 5
Potassium  Perm anganate  (b u lk ) ......................... . . .L b . 974 @ 10
Quicksilver, F lask (75 lb s .) .................................... 38 .00 @ 40.00
R ed Lead (A m erican).............................................. . . .L b . 61/2 @ 6>/t
S alt Cake (glass-m akers’) ....................................... . .  .C . 55 @ 65

M ETA L S

T in ...............................................................................
Z inc.............................................................................

F E R T IL IZ E R  M A T E R IA L S
A m m onium  S u lfa te .......................................................... C.
Blood, d ried ..........................................................................U nit
Bone, 4 1/* and  50, ground, ra w ...................................Ton
Calcium  N itra te  (N orw egian)......................................C.
C asto r m eal.......................................................................... U nit
F ish Scrap, dom estic, d rie d ............................................U nit
M ow rah m eal...................................................................... Ton
Phosphate, acid, 16 per cent b u lk ...............................T on
P hosphate  rock; f. o. b. m ine:
F lorida land  pebble, 68 per c e n t..................................T on
Tennessee, 70-80 per c e n t........................... - ................ Ton
Potassium , "m u ria te ,” basis 80 per c e n t..................T on
P yrites, furnace size, im p o rted ............................   .U n it
T ankage, h igh-grade......................................................... Unit

37S/S ® 38
10 .0 0 ® 12 .00

C, 671/. ® 72<A
T,h. 3 V, @ 41/s
C 1 .0 0 @ 1 .1 0
T rb 2 JA ® 3

. I,h. 4‘A ® 5>A
c. 60 ® 80
T,h 7 ‘A @ 7‘A
C, 1.55 @ 1.5 7 ‘A

1.30 ® 1.60
C. 2 .25 ® 2 .3 0
C. 65 @ 1.50

,T,h. 6 7 , ® 7V*
C„ 2 .2 0 ® 2.60
C 1.85 ® 2.15
C 85 ® 1 .0 0
Tnn 15.00 ® 2 0 .0 0
C. 75 ® 80

. T,h. 12>A @ 13*A
,T,h. 45 @ 45>A
. T,b. 5 'A ® 5 i/ j
r,b. 9 ® 10

,T,h. 4 ‘A ® 5
. Tib. 5 V . @ 6’/*
,I,b . 2 'A @ 3

Tib 42 @ 45
Oal 13'A ® 14
T,b. 8 7A @ 10
T,b 12 @ 22
C. 6.60 6.65
Onl 45 © 451A

,T,b. 7‘A @ 7‘A
Oal 2 1 ‘A @ 32
T,h. 9 V s @ 97A
Onl. 92 @ 94
r.ni 46 @ 47
Oal 35 ® —
Oal 96 @ 98
T,h 3 '/ . @ 3 3A

, Oal. 26 @ 28
RM 4 .2 0 @ 4.35
Oal 27 ■@ 28
T.b. 21 @ 22
T,h 30 @ 35
Oal. 72 @ 74
Oal IS @ 19
T,h. 9 @ 12

62 @ 63
Oal, 30 ® 31
Gal. 47 @ 4 7 V i

T.b. 19 ® 19lA
T.b. 7 ‘A ® 7'A
T,h. 2.05 @ 2 .1 0
Trb 50 @ 3 .0 0
T,b. I5 'A @ 15»A
Lb. 15V« @ 157«
Lb. 4 .30 ® —
T.b. 50 @ 55
Oz. 43 .50 @ ■44.50
Oz. 59 @ 60
C 40.00 ® 41 .00
0. 5.25 @ 5 .3 0

3 . 021/2 @ 3 .05
3 .3 0  @ —

27.25 @ 28.00
2 .05  ®  2 .10

3 .3 0  
nom inal 
nom inal 

—  @ 6.75

2.75
5 .00  

38 .55  @
O.I31/*

3 .25  & 10

3 .00
5 .5 0


