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Quantitative Determination o f Aluminum by 
Precipitation with Urea

IIOBART H . WILLARD AND NING KANG TANG, U niversity o f  M ichigan, Ann Arbor, M ich.

ANALYTICAL EDITION

A lu m in u m  can  b e accu rately  separated  
from  large a m o u n ts  o f  ca lc iu m , b arium , 
m a g n e s iu m , m a n g a n ese , cob a lt, n ick el, 
zin c , iron , ca d m iu m , and  copper by pre
c ip ita tio n  as th e  d en se  b asic  su cc in a te  by  
b o ilin g  w ith  u rea  th e  acid  so lu tio n  c o n ta in 
in g  su cc in ic  acid . H ydrolysis o f  th e  urea  
form s a m m o n ia  gradually  in  a h o m o 
gen eou s so lu tio n , resu ltin g  in  a pH  o f  4.2 to  
4.6. O w ing to  th e  d en se n a tu re  o f  the pre
c ip ita te , i t  is  easily  filtered  and w ashed  and  
show s m u c h  less adsorption  o f  o th er  sa lts

IN  PREVIOUS work (20) it was found that upon heating 
aluminum solutions containing sulfates to which urea 

had been added, the aluminum was precipitated as basic 
sulfate in a dense and easily filterable form. This was due 
to the slow, uniform increase in pH caused by the gradual 
hydrolysis of the urea. The advantages of this method of 
precipitation in the separation of aluminum from other metals 
were indicated: (1) The solution is homogeneous, since no 
reagents are added during precipitation. (2) The precipitate 
is much less bulky, thus reducing the error due to adsorption 
and facilitating filtration and washing. (3) The pH of the 
solution is easily controlled and can never be higher in any 
part of the solution than the final value obtained. It is not 
surprising, therefore, that the application of this process to 
the separation of aluminum should yield results surpassing 
in accuracy those obtained by the usual methods. This 
paper describes such separations in which the aluminum was 
precipitated as basic sulfate and basic succinate. There is 
little doubt that other anions, which form dense precipitates 
such as benzoate, would give similar results. The solubility 
of the basic sulfate was found to be about the same as that 
of aluminum hydroxide (20), equivalent to 0.2 mg. of alumi
num oxide per liter in the pH range 6.5 to 7.5.

Q u a n tita tiv e  D eterm in a tio n  o f  A lu m in u m  by  
P rec ip ita tio n  as B asic  S u lfa te

M a t e r ia l s  U s e d . The aluminum metal was a special grade 
obtained from the Aluminum Company of America and contained 
99.94 per cent of Al, 0.03 per cent of Si, 0.01 per cent of Ti, and 
0.03 per cent of Fe. The latter two are, of course, always precipi
tated with the aluminum. The urea was a c. p . grade. Am
monium chloride was reagent quality material. Ammonium

th an  does th e  p recip ita te  ob ta in ed  by th e  
usu al m eth o d s. T h e b asic  su lfa te  p recip i
tated  in  th is  w ay is a lso  d en se , b u t  th e  pH  
m u st be 6.5 to 7.5 and  separations in  cer
ta in  cases are less sa tisfactory . T h e  ac
curacy o f  separations m ad e by th e  urea  
m eth o d  is far superior to th a t o b ta in ab le  
by the use o f  a m m o n ia . T h is is a ttr ib u ted  
to a com b in a tio n  o f  four im p o rta n t fa c
tors—a d en se  precip ita te , a  slow , u n ifo rm  
increase in  pH , a h om ogen eou s so lu tio n , 
and a low  final pH .

hydroxide was prepared by passing ammonia from a cylinder 
through a scrubbing bottle into redistilled water contained in a 
quartz flask.

P r o c e d u r e .  Approximately 0.1 gram of the aluminum metal 
was weighed into 600-ml. beakers, tall-form, and dissolved in 
about 5 ml. of dilute hydrochloric acid, gently warming at the 
end to ensure complete solution. After diluting somewhat, dilute 
ammonium hydroxide was added until the solution became 
slightly turbid, then it was cleared with dilute hydrochloric acid, 
and one or two drops in excess were added. Four grams of urea, 
20 grams of ammonium chloride, and 1 gram of ammonium sul
fate were introduced and the volume was brought to 500 ml. 
The solution was then heated to boiling and kept gently boiling 
for 2 hours after the appearance of an opalescence, after which it 
was placed on an electric hot plate for 1 hour to allow the pre
cipitate to settle. The precipitate was filtered off, and that ad
hering to the beaker removed as thoroughly as possible by means 
of pieces of filter paper.

To ensure complete removal of the last traces of the precipitate, 
it was dissolved in a little hydrochloric acid, reprecipitated by 
the procedure of Blum (2), and filtered through the paper contain
ing the main portion of the precipitate. The combined precipi
tates were washed ten times with hot 1 per cent ammonium 
chloride solution, made alkaline to methyl red with ammonium 
hydroxide. After ignition to constant weight in a platinum 
crucible over a blast Meker at approximately 1200° C., it was 
weighed in a counterpoised weighing bottle. The pH of the 
filtrate and the amount of aluminum in the filtrate and washings, 
amounting to 0.078 to 0.1 mg., were determined coloriinetrically
my

Several workers (6 ,1 0 ,1 8 , H )  have reported that sulfate 
which accompanies aluminum when it is precipitated as hy
droxide from sulfate solutions, is very difficult to remove by  
ignition. An examination of the ignited oxide obtained above, 
by fusion with sodium carbonate and finally testing with  
barium chloride, showed that only a negligible amount of
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T a b l e  I .  Q u a n t it a t iv e  D e t e r m in a t io n  o f  A l u m in u m  b y  
P r e c ip it a t io n  a s  B a s ic  S u l f a t e

Final pH of AhOa° AIjOj Error
Solution Taken Found AljOj

Gram Gram M g.
7 .08 0.1913 0.1916 + 0 .3
7.07 0.1954 0.1956 + 0 .2
7.03 0.1960 0.1957 - 0 . 3
7 .27 0.1950 0.1954 + 0 .4
6.77 0.1915 0.1912 - 0 . 3
6.58 0.1909 0.1907 - 0 . 2
7 .09 0.1941 0.1940 - 0 . 1
7 .17 0.1920 0.1917 - 0 . 3
6 .94 0.1920 0.1921 + 0 .1
6.99 0.1914 0.1913 - 0 . 1

° Corrected for impurities in the original metal.

T a b l e  I I .  S e p a r a t io n  o f  A l u m in u m  fr o m  O t h e r  E l e m e n t s

(Single precipitation)
Amount Present

Aluminum Taken M etal Added in Precipitate
Gram Gram Mg.

0 .1 Ca° 1 .0 Trace
0 .1 Mg 1 .0 None
0 .1 Ni 0.125 0 .7
0 .1 C o . 0.125 1.0
0 .1 Zn 0.125 13.6
0 .1 M u 1 .0 0 .1
0 .1 Cd 0.125 0 .4
0.1 Cu 0.125 7 .3

° 0.5 gram of (NHO1SO4 used since 1 gram caused slight precipitation of
CaSO*.

sulfate was retained. Since the earlier work (20) indicated 
that the precipitate was relatively rich in sulfate, this shows 
that sulfate can be completely removed by igniting to a 
sufficiently high temperature (1200° C .). The results ob
tained by the above procedure are given in Table I.

S e p a r a t i o n  o f  A lu m in u m  f r o m  C a lc iu m ,  M a g n e s iu m ,  
N i c k e l ,  C o b a l t ,  Z in c ,  M a n g a n e s e ,  C a d m iu m , a n d  C o p p e r .  
According to Lundell and Knowles (12), aluminum can be 
separated from the alkalies, alkaline earths, magnesium, and 
moderate amounts of manganese and nickel by precipitating 
according to the procedure of Blum (2). The separation from 
copper, cobalt, and zinc is not satisfactory, from 4 to 20 mg. 
remaining after one precipitation, and from 1 to 10 mg. after 
two, using 100 mg. of aluminum and 50 mg. of the accompany
ing element (9). From the analytical qualities of the precipi
tate obtained by the present method, considerably better 
separations might be expected.

I t  was found that when separate solutions containing 0.5 
gram of nickel, cobalt, zinc, manganese, cadmium, and cop
per as chlorides, together with 4 grams of urea and 1 gram of 
potassium sulfate were heated overnight on a hot plate, 
partial precipitation occurred. However, if the solutions 
contained 10 grams of ammonium chloride in addition to the 
above, no precipitate formed. The effectiveness of the separa
tion of aluminum from these elements, and also from calcium 
and magnesium, was determined by precipitating the alumi
num from individual solutions containing their chlorides, using 
the procedure described above. After filtering and washing, 
the precipitate was dissolved in hydrochloric acid, and the 
amount of accompanying element carried down was deter
mined by an appropriate standard procedure. Table II gives 
the data obtained.

These results show that the separation of aluminum from 
calcium, magnesium, manganese, and cadmium, by a single 
precipitation with urea in the presence of sulfate, is satisfac
tory. Using this method only 0.1 mg. of manganese is carried 
down by 0.1 gram of aluminum in the presence of 1 gram of 
manganese, while with an ammonium hydroxide precipitation, 
1.7 mg. of manganese accompanies the aluminum when these 
same amounts of the two elements are used. The separation 
from nickel, cobalt, zinc, and copper is not very good, although 
a single precipitation by this method is a t least as effective

with the last three of these elements as a double one with 
ammonium hydroxide.

Since the final pH values of the solutions were 6.7 to 7.0, 
which is about the same as that of Blum ’s method, it is 
probable that the greater purity of the precipitate obtained 
by the present method is due to the reasons mentioned above. 
The gradual increase in the pH of the solution, which is uni
form throughout, allows the major part of the aluminum to be 
precipitated before the pH rises to a point where there is 
danger of precipitating the more basic elements.

P rec ip ita tio n  o f  A lu m in u m  in  th e  P resen ce  o f  
S u cc in a te

P r e l i m i n a r y  I n v e s t i g a t i o n .  In the exploratory work on 
the influence of various anions on the quality of the precipi
tates obtained with urea, it was found that those formed in 
the presence of formate, oxalate, succinate, benzoate, and 
phthalate were dense, while that formed in the presence of 
acetate was flocculent (20). Several workers (1, 3, 15) have 
reported that the pH values at which hydroxides or basic 
salts begin to precipitate show some variation in the presence 
of different anions.

A series of determinations with different anions was made to 
determine the pH necessary for complete precipitation. Solutions 
of 500-ml. volume, containing approximately 0.1 gram of alumi
num as chloride, 4 grams of urea, and 10 grams of ammonium 
chloride together with the amounts of the various salts shown in 
Table III, were heated in a boiling water bath until the appear
ance of a slight opalescence. The solutions were then rapidly 
cooled to room temperature and the pH was determined with a 
quinhydrone electrode. The solutions were then gently boiled 
for 2 hours, the precipitate was filtered off, the filtrate tested for 
complete precipitation, and the pH determined.

Further study of the basic acetate method employed by 
M ittasch (16), Funk (7), and Ivling, Lassieur, and Lassieur 
(11) failed to establish any conditions which would give a 
dense precipitate when the neutralization was caused by the 
hydrolysis of urea. The basic formate method (5, 8) modified 
by heating with urea was unsuccessful, as shown by attem pts 
to precipitate aluminum in the presence of nickel. If enough 
fonnate was present to give a dense precipitate, the aluminum  
was incompletely precipitated, and that portion which did 
precipitate showed the presence of nickel. W ith 4 grams of 
ammonium formate in the solution, only about 60 per cent 
of the aluminum precipitated, while with 15 grams present, 
about 33 per cent came down. W ith much smaller amounts 
of formate, the beneficial effect of the anion on the quality of 
the precipitate was not realized. Work with the succinate 
showed that conditions which would give a dense precipitate 
and quantitative precipitation could be attained easily if 
succinic acid was added instead of sodium succinate, since 
the latter causes an immediate precipitate.

C o n d i t i o n s  f o r  C o m p l e t e  P r e c i p i t a t i o n  o f  A lu m in u m  i n  
t h e  P r e s e n c e  o f  S u c c i n a t e .  It was found that the amount 
of succinate present affected not only the character of the 
precipitate but also the completeness of the precipitation,

T a b l e  III. I n f l u e n c e  o f  C e r t a i n  A n io n s  o n  t h e  pH  o f  F i r s t  
O p a l e s c e n c e  a n d  C o m p l e t e  P r e c i p i t a t i o n

pH at First pH after
Anion Salt Used Salt Opalescence® 

Grama
2 Hours Precipitation

Phosphate fNH^sHPO«*» 3 2 .3 6 .1 c Complete
Succinate Acid 5 3 .6 4 .0 Complete
Phthalate KHC8H404 3 3 .8 4 .9 Complete
Sulfate (NH 4),SO< 1 4.2 6 .5 -7 .5 Complete
Formate HCOONab 3 4 .8 6 .0 Incomplete
Acetate NaCîHjOï* 3 d 5 .5 Complete

a pH measured at room temperature, opalescence noted at boiling point. 
b Original solution contained sufficient hydrochloric acid to prevent forma

tion of a precipitate while being brought to a boil.
c Precipitation probably complete in less than 2 hours. 
d Precipitate flocculated too rapidly to allow determination of this value.
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especially when other elements were present. Three grains 
of succinic acid and 10 grams of ammonium chloride in 500 
ml. were sufficient to give a dense precipitate, and complete 
precipitation of aluminum when alone. However, if 0.15 
gram of nickel or zinc was present, the precipitation of the 
aluminum was incomplete w ith 3 grams of succinic acid, but 
quantitative if 4 grams or 5 grams were used.

Since the pH of the solution and consequently the complete
ness of precipitation are dependent on the duration of boiling, 
this relationship was studied in a manner similar to the de
termination of the solubility of the basic aluminum sulfate 
precipitate. The solutions containing 0.1 gram of aluminum, 
4 grams of urea, 5 grams of succinic acid, and 10 grams of 
ammonium chloride in 500 m l. were gently boiled, after the 
appearance of turbidity, for the lengths of time given in Table 
IV. The determinations were then completed as previously 
described (20).

This shows that for the complete precipitation of aluminum 
by heating with urea in the presence of succinate and ammo
nium chloride, it is necessary to boil gently for 1.5 to 2 hours 
after the appearance of turbidity, and that this procedure 
results in a pH of about 4.4.

Q u a n tita tiv e  D eterm in a tio n  o f  A lu m in u m  by the  
S u cc in a te  M ethod

P r o c e d u r e .  The aluminum solution was prepared as de
scribed in the basic sulfate method. After diluting somewhat, 5 
grams of succinic acid dissolved in about 100 ml. of water were 
added, followed by 10 grams of ammonium chloride and 4 grams 
of urea. The solution was diluted, heated to boiling, and gently 
boiled for 2 hours after it had become turbid (40 to 45 minutes 
after it had commenced to boil). The precipitate was allowed 
to subside for a few minutes, and after a little paper pulp was 
added, it was filtered and washed ten times with a 1 per cent 
succinic acid solution, made neutral to methyl red with am
monium hydroxide. The precipitate adhering to the beaker was 
removed as in the basic sulfate method, except that in this 
instance the small precipitate obtained with ammonium hydrox
ide was filtered on a separate paper. The combined precipitates 
were ignited to constant weight in a platinum crucible at 1200° C. 
The pH of the filtrate was determined with a quinhydrone elec
trode, and the amount of aluminum remaining in the filtrate 
(approximately 0.1 mg.) and in the wash waters (negligible) was 
ascertained colorimetrically as before.

M o d i f i e d  P r o c e d u r e .  W hen the entire neutralization is 
dependent on the decomposition of urea, considerable time 
is consumed before precipitation commences, especially when 
an acid reducing agent is added as in the determination of 
copper, discussed later. To avoid this, a partial preliminary 
neutralization with dilute ammonium hydroxide was tried. 
When this reagent was slowly added to a cold solution con
taining urea, ammonium chloride, and succinic acid until 
barely turbid, a flocculent precipitate was rapidly formed on 
heating to boiling. However, if it was added dropwise to the 
hot solution to the point of faintest opalescence, the precipi
tate obtained on further heating was entirely satisfactory. It 
was slightly more bulky than that obtained without pre
liminary neutralization, but was still compact enough to filter 
and wash rapidly. It had the distinct advantage of being 
more easily retained by the filter paper.

T a b l e  IV. E f f e c t  o f  D u r a t i o n  o f  B o i l i n g  o n  pH  o f  
S o l u t i o n  a n d  C o m p l e t e n e s s  o f  P r e c i p i t a t i o n  

Duration of Boiling0 pH of Solution AljOj in Filtrate
Hour 8 Mg-/I-
0 .2 5  3 .30  J „
0 .5  3 .5 8  1.2
1 3 .93  0 .8
1 .25 4 .01  0 .8
1 .5  4 .1 5  0 .2
2 4 .4 0  0 .2

° After the appearance of turbidity. ,
t  Sufficient aluminum left in the filtrate to give a precipitate with am

monium hydroxide.

T a b l e  V. Q u a n t i t a t i v e  D e t e r m i n a t i o n  o f  A lu m in u m  b y  
t h e  S u c c in a t e  M e t h o d

Duration
of pH of AljOj AljOj Error

Volume Boiling Solution Taken Found AJjOj
M l. Hours* b Oram Gram Mg.
500 2 4.43 0.1912 0.1911 - 0 . 1
500 2 4 .57 0.1906 0.1903 - 0 . 3
500 2 4.44 0.1906 0.1906 * 0 .0
500 2 4.32 0.1931 0.1927 - 0 . 4
500 2 4 .26 0.1899 0.1899 **=0.0
500 2 4 .2 6 0.1899 0.1895 - 0 . 4
500 2 4.48 0.1899 0.1896 - 0 . 3
250 2 4 .36 0.1911 0.1911 ± 0 .0
250 2 4.22 0.1903 0.1900 - 0 . 3
250 2 4.44 0.0957 0.0956 - 0 . 1
250 2 4.31 0.0960 0.0958 - 0 . 2
250 • 2 4.53 0.0059 0.0059 =*=0.0
250 2 4 .50 0.0057 0.0056 - 0 . 1
250 2 4 .62 0.0025 0.0015 - 1 . 0
250 2 4 .53 0.0017 0.0005 - 1 . 2
250 3 4.77 0.0021 0.0021 **=0.0
250 3 4.94 0.0023 0.0023 =*=0.0

Modified Method
250 0 .5 3 .76 0.1894 0.1887 - 0 . 7
250 1 3.96 0.1897 0.1898 +  0.1
500 1 4.01 0.1897 0.1898 + 0 .1
500 1 3 .98 0.1905 0.1908 +  0 .3
500 c 1 4 .00 0.1903 0.1907 +  0.4
500 c 1 3.86 0.1909 0.1906 - 0 . 3
500J 1 3 .98 0.1901 0.1900 - 0 . 1
500d 1 4 .03 0.1906 0.1906 =*=0.0

a After the appearance of turbidity.
& At room temperature. 
c Bromophenol blue used as indicator. 
d M ethyl orange used as indicator.

Since turbidity appears at approximately the pH at which 
bromophenol blue or methyl orange changes color, it is some
times convenient to employ one of these as indicators. It is, 
of course, not necessary to neutralize to the point of turbidity, 
but it is very important not to overstep it, since this will 
cause the formation of a somewhat flocculent precipitate on 
further heating. Table V shows the results obtained using 
both procedures. A correction was made for impurities in 
the metal.

Experiments on the ignition of the precipitate showed that 
heating for 1 hour at 1200 0 C. was sufficient to attain constant 
weight and to convert it into a nonhygroscopic (corundum) 
form which could be weighed directly in a covered crucible 
without the necessity of placing it in a covered weighing bottle. 
It was also found that Coors unglazed porcelain crucibles suf
fered no change in weight during such ignition and they were, 
therefore, used in place of platinum in most subsequent work.

It is evident that aluminum can be quantitatively precipi
tated by heating with urea in the presence of succinate and 
ammonium chloride for 1 to 2 hours after the appearance of 
turbidity if 5 mg. or more are present, and that the time can  
be shortened by partial preliminary neutralization. W ith  
smaller amounts, about an hour longer is required. The  
resulting low pH, combined with the granular quality of the 
precipitate, the slow rate of precipitation, and the homoge
neity of the solution, should allow much more satisfactory  
separations from the more basic elements than precipitation 
by ammonium hydroxide or even as the basic sulfate.

Sep aration  o f  A lu m in u m  from  O ther M eta ls
This method was applied to the separation of aluminum  

from a considerable number of other metals. In all cases the 
weight of aluminum taken was corrected for impurities. 
When a second precipitation was made, the basic succinate 
was dissolved from the filter into the same beaker by hot, 
dilute hydrochloric acid and the process repeated. The im
purity in the oxide was determined by suitable methods.

D e t e r m i n a t i o n  o f  A lu m in u m  i n  t h e  P r e s e n c e  o f  C a l 
c iu m , B a r iu m ,  M a g n e s iu m ,  M a n g a n e s e ,  a n d  C a d m iu m .  
These separations and determinations were made by a single 
precipitation from a volume of 250 ml. Table VI shows the 
results obtained, and indicates clearly that by this method a
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T a b l e  VI. D e t e r m i n a t i o n  o f  A lu m in u m  i n  P r e s e n c e  o f  
C a lc iu m , B a r iu m , M a g n e s iu m , M a n g a n e s e ,  a n d  C adm ium  b y  

P r e c i p i t a t i o n  a s  B a s ic  S u c c in a t e
Element Al2Oa AhOj Element Error

Added Taken Found with AljOa AliOj
Gram Gram Gram Mg. Mo.

1 .0  Ca 0.1897 0.1895 None - 0 . 2
1 .0  Ca 0.1905 0.1903 None - 0 . 2
1 .0  Ca 0.1905 0.1904 None - 0 . 1
1 .0  Ca 0.1903 0.1904 None + 0 .1
1 .0  Ba 0.1909 0.1908 None - 0 . 1
1 .0  Ba 0.1905 0.1905 None =*=0.0
1 .0  Mr 0.1906 0.1904 None - 0 . 2
1 .0  Mg 0.1906 0.1907 None + 0 .1
1 .0  Mg 0.1892 0.1894 None +  0 .2
1 .0  Mg 0.1894 0.1890 None - 0 . 4
1 .0  Mn 0.1904 0.1906 0 .3 +  0 .2
1 .0  Mn 0.1904 0.1906 0 .3 +  0 .2
1 .0  Mn 0.0949 0.0950 0 .25 + 0 .1
1 .0  Mn 0.0949 0.0953 0 .25 + 0 .4
1 .0  Mn° 0.1903 0.1901 0 .2 - 0 . 2
1 .0  M n° 0.1906 0.1905 0 .2 - 0 . 1
0 .5  Mn 0.1895 0.1897 0 .2 +  0 .2
0 .5  Mn 0.1890 0.1893 0 .2 + 0 .3
1 .0  Cd 0.1901 0.1901 < 0 .1 =*=0.0
1 .0  Cd 0.1902 0.1900 < 0 .1 - 0 . 2
1 .0  Cd 0.1906 0.1907 < 0 .1 +  0 .1
1 .0  Cd 0.1897 0.1897 < 0 .1 =*=0.0

Precipitated from 500 ml.

T a b l e  VII. D e t e r m i n a t i o n  o f  A lu m in u m  i n  t h e  P r e s e n c e  
o f  N i c k e l  a n d  C o b a l t  b y  P r e c i p i t a t i o n  a s  B a s ic  S u c c in a t e

Number
Element of Pre Al:Oj AljOa Ni or Co Error

Added cipitations Volume Taken Found in AIjOj Al,Oa
Gram M l. Gram Gram Mo. Mo.
1 .0  Ni 1 250 0.1903 0.1921 1.8 +  1.8
1 .0  Ni 1 250 0.1901 0.1919 1.8 +  1.8
1 .0  Ni 1 500 0.1905 0.1922 1.3 +  1.7
1 .0  Ni 1 500 0.1901 0.1918 1.2 +  1.7
1 .0  Ni“ 1 500 0.1897 0.1913 1 .0 +  1.6
1 .0  Ni° 1 500 0.1893 0.1910 1.0 +  1.7
1 .0  Ni 1 500 0.0049 0.0050 Trace + 0 .1
1 .0  Ni 1 500 0.0056 0.0057 Trace + 0 .1
0 .5  Ni 1 250 0.1919 0.1935 1.3 +  1.6
0 .5  Ni 1 250 0.1905 0.1923 1.6 +  1.8
0 .1  Ni 1 250 0.1901 0.1904 0 .3 + 0 .3
0 .1  Ni 1 250 0.1901 0.1903 0 .3 + 0 .2
1 .0  Ni 2 250 0.1903 0.1903 0 .2 ± 0 .0
1 .0  Ni 2 250 0.1901 0.1903 0.3 + 0 .2
1 .0  Ni 2 500 0.1895 0.1893 0.1 - 0 . 2
1 .0  Ni . 2 500 0.1901 0.1902 0 .2 + 0 .1
1 .0  Co 1 250 0.1894 0.1919 1.9 + 2 .5
1 .0  Co 1 250 0.1897 0.1924 2 .0 +  2 .7
1 .0  Co 1 500 0.1913 0.1932 1.2 +  1.9
1 .0  Co 1 500 0.1906 0.1925 1.2 +  1.9
1 .0  Co« 1 500 0.1906 0.1921 1.2 +  1 .5
1 .0  Co° 1 500 0.1899 0.1914 1.2 +  1.5
1 .0  Co 1 250 0.0058 0.0058 Trace =*=0.0
1 .0  Co 1 250 0.0040 0.0043 Trace + 0 .3
0 .5  Co 1 250 0.0964 0.0977 0 .8 +  1.3
0 .5  Co 1 250 0.0954 0.0963 0 .6 + 0 .9
0 .1  Co 1 250 0.0954 0.0954 0 .2 =*=0.0
0 .1  Co 1 250 0.0968 0.0971 0 .3 + 0 .3
1 .0  Co 2 250 0.1895 0.1896 0 .1 + 0 .1
1 .0  Co 2 250 0.1902 0.1904 0 .1 + 0 .2
1 .0  Co 2 250 0.1899 0.1903 0.1 +  0 .4
1 .0  Co 2 250 0.1904 0.1902 0.1 - 0 . 2
° Modified procedure.

single precipitation from 250 ml. will satisfactorily separate 
approximately 0.1 gram of aluminum from 1 gram of the 
above elements.

D e t e r m i n a t i o n  o f  A lu m in u m  i n  t h e  P r e s e n c e  o f  N i c k e l  
a n d  C o b a l t .  Table V II shows the results obtained when this 
method is applied to the separation of aluminum from nickel 
and cobalt.

I t  is evident that one precipitation will effectively separate 
0.1 gram of aluminum from an equal amount of cobalt or 
nickel or a few milligrams of aluminum from as much as 1 
gram. A double precipitation gives a very satisfactory sepa
ration of 0.1 gram of aluminum from as much as 1 gram of 
these metals. This is a much better separation than that 
obtained by the use of ammonia, which, after one precipita
tion, leaves 0.6 mg. of nickel and 4.1 mg. of cobalt out of 50 
mg. with the aluminum when one precipitation is made, and 
1.2 mg. of cobalt after two precipitations (9).

D e t e r m i n a t i o n  o f  A lu m in u m  I n  t h e  P r e s e n c e  o f  C o p 
p e r .  When this general procedure is applied to the deter

mination of aluminum in the presence of copper, the separa
tion is incomplete, owing to the relatively low solubility of 
cupric succinate. If, however, the copper is kept in the 
cuprous state, by the presence of a suitable reducing agent 
during the precipitation, the separation becomes entirely 
satisfactory, as the results given in Table V III show.

When a reducing agent was used, 4 grams of hydroxylamine 
hydrochloride or 10 ml. of freshly prepared 2 N  ammonium bisul
fite and 10 grams of ammonium chloride were added to the 
aluminum chloride solution. It was diluted to about 150 ml. 
and heated to boiling to reduce the copper to the cuprous state. 
When the solution had become colorless, 5 grams of succinic acid 
and 4 grams of urea were added, and the volume was brought to 
about 250 ml. Dilute ammonium hydroxide was added dropwise 
to the hot solution to incipient turbidity, and gentle boiling con
tinued for 2 hours. The precipitate was filtered off while hot and 
washed with a hot solution containing per liter 10 grams of suc
cinic acid and cither 10 grams of hydroxylamine hydrochloride 
or 40 ml. of 2 ¿V ammonium bisulfite, the wash solution having 
been made neutral to methyl red with ammonium hydroxide. 
The determination was completed as described above.

The main points to be noted are that the copper must be com
pletely reduced to the cuprous state, and the filtration and wash
ing must be done hot.

These data show that aluminum can be very satisfactorily 
separated from large amounts of copper by a single precipita
tion, by heating with urea in the presence of succinate, am
monium chloride, and a suitable reducing agent. A  double 
precipitation with ammonium hydroxide will usually leave 
as much as 8 mg. of copper out of 50 mg. with the aluminum, 
when precipitating 0.1 gram of the latter (9).

T a b l e  VIII. D e t e r m in a t io n  o f  A l u m in u m  in  t h e  
o f  C o p p e r

P r e s e n c e

Cu Reducing Al,Oa AljOa Cu in Error
No. Added Agent Taken Found AljOj AhOa

Gram Gram Gram Mo. Mo.
1 0.1 None 0.0947 0.0972 + 2 .5
2 0.1 None 0.0953 0.0976 + 2 .3
3 0.01 None 0.0945 0.0956 + 1.1
4 0.01 None 0.0953 0.0960 + 0 .7
5 1.0 NHjOH-HCl 0.1897 0.1901 o.‘i ‘ + 0 .4
6 1.0 NH jO H H C l 0.1903 0.1901 0.1 - 0 . 2
7 1.0 NH iO H ’HCl 0.0951 0.0952 None + 0.1
8 1.0 NHsOH-HCl 0.0949 0.0952 None + 0 .3
9 1.0 NHjOH-HCl 0.0953 0.0953 None =*=0.0

10 1.0 NHiOH-HCl 0.0951 0.0950 None - 0.1
11 1.0 N H 4HSO3 0.1891 0.1888 0 .05 - 0 . 3
12 1.0 NHiHSOa 0.1891 0.1891 0 .05 =*=0.0

D e t e r m i n a t i o n  o f  A lu m in u m  i n  t h e  P r e s e n c e  o f  Z i n c .  
The general procedure applied to the determination of alumi
num in the presence of zinc gave the results shown in Table 
IX , which indicate that, even with as little as 10 mg. of zinc 
present, an appreciable amount is to be found with the alumi
num after a single precipitation. Only 0.1 to 0.2 mg., how
ever, is found to be present after two precipitations, when 
as much as 1 gram was originally present. The superiority 
of this method over the use of ammonium hydroxide is obvious 
from the fact that in the latter case as much as 10 mg. out of 
50 mg. of the zinc may accompany the aluminum after two 
precipitations (3).

Since zinc metal is readily volatilized at elevated tempera
tures, it should be possible to remove the small amount which 
accompanies the aluminum by ignition in a current of hydro
gen or with carbon.

A single precipitation was made in the usual manner from 500 
ml. of solution containing 1.0 gram of zinc and approximately 
0.1 gram of aluminum. When the ignition was to be made in the 
presence of carbon, some paper pulp was added before filtration. 
The precipitate was ignited in a covered unglazed porcelain 
crucible over a Meker blast, occasionally lifting the cover to 
allow the zinc to escape. After ignition for an hour in this man
ner, the cover was removed, the remainder of the carbon burned 
off, and the ignition completed in an electrically heated muffle 
for 1 hour at 1200° C. In determinations 3 to 6 (Table X ), this 
oxide, after weighing, was ignited for 1 hour at 1000° to 1100° C.
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T a b l e  IX . D e t e r m i n a t i o n  o f  A lu m in u m  i n  t h e  P r e s e n c e  
o f  Z in c

Number
Zn of Pre AljOj AI2O3 Zn in Error

Added cipitations Volume Taken Found AliOa AhOa
Gram M l. Gram Gram Mg. Mg.
1.0 1 500 0.1909 0.1929 1.0 + 2 .0
1 .0 1 500 0.1906 0.1928 1.0 + 2 .2
1.0® 1 500 0.1903 0.1917 1.2 +  1.4
1.0® 1 500 0.1906 0.1920 1.2 +  1.4
0 .5 1 500 0.1901 0.1915 6 +  1.4
0 .5 1 500 0.1909 0.1923 b +  1.4
0 .1 1 500 0.1903 0.1911 0 .3 +  0 .8
0 .1 1 500 0.1906 0.1914 0 .3 + 0 .8
0.01 1 500 0.1901 0.1904 0 .3 + 0 .3
0.01 1 500 0.1914 0.1918 0 .3 +  0.4
1.0 2 250 0.0953 0.0957 0.2 + 0 .4
1.0 2 250 0.0951 0.0952 0 .2 + 0 .1
1 .0 2 250 0.0955 0.0956 0 .2 +  0.1
1 .0 2 250 0.0953 0.0955 0 .2 + 0 .2

0 Modified procedure. 
6 N ot determined.

T a b l e  X. S e p a r a t io n  o f  A lu m in u m  fr o m  Z in c  P r e c i p i t a t e  
I g n i t e d  w i t h  C a r b o n  a n d / o r  in  a  C u r r e n t  o f  H y d r o g e n

(1 Kram of zinc present. Single precipitation, volume 500 ml.)

AIjOj

AIjOj
Found
after

Igniting
with Error

AljOj
Found
after

Igniting
in Zn in Error

No. Taken Carbon AI1O3 Hydrogen AI1O3 AljOa
Gram Gram Mg. Gram Mg. Mg.

1 0.1892 0.1896 + 0 .4
2 0.1892 0.1894 +  0 .2
3 0.1905 0.1912 + 0 .7 0Ü9Ö5 ± 0 .0
4 0.1894 0.1895 + 0 .1 0.1893 - 0 .1
5 0.1899 0.1911 +  1.2 0.1900 + 0 .1
6 0.1903 0.1917 +  1.4 0.1903 ± 0 .0
7 0.1903 0.1905 None + 0 .2
8 0.1906 0.1906 None ± 0 .0
9° 0.1909 0.1907 None - 0 .2

10® 0.1890 0.1889 None - 0 .1

a Single precipitation from 250 nil.

over a Meker blast, in a current of hydrogen introduced through a 
silica Rose crucible cover and inlet tube. This treatment was 
followed by 1 hour at 1200° C. in the electric muffle. Determina
tions 7 to 10 were precipitated as described, but filtered without 
adding paper pulp. The filter paper was charred off and the 
oxide ignited in a stream of hydrogen, followed by 1 hour at 
1200° C ., as above.

The results, tabulated in Table X , show that the zinc car
ried down by the aluminum can be completely volatilized by 
heating the precipitate for 1 hour in a covered crucible in a 
current of hydrogen. This makes it possible to determine 
aluminum in the presence of large amounts of zinc by a single 
precipitation, following the given procedure.

The failure to remove the zinc by igniting with carbon 
m ay be due to the absence of any gas stream to sweep out the 
volatilized metal.

D e t e r m i n a t i o n  o f  A lu m in u m  i n  Z i n c - B a s e  D i e - C a s t 
i n g  A l l o y s .  These alloys contained about 2.8 per cent of 
copper and 92.5 per cent of zinc with very small amounts of 
lead, cadmium, magnesium, and iron.

A 1-gram sample of the alloy was dissolved in sufficient hydro
chloric acid to be equivalent to about 10 grams of ammonium 
chloride, adding a few crystals of potassium chlorate at the end 
to obtain complete solution. Most of the free acid was neutral
ized with ammonium hydroxide, 0.1 to 0.2 gram of hydroxylamine 
hydrochloride was added, and the solution heated (see “Deter
mination of Aluminum in the Presence of Copper”). Dilute 
ammonium hydroxide was added until the precipitate redissolved 
with difficulty, then 4 grams of urea and 5 grams of succinic acid 
were introduced and the volume was brought to about 250 ml.

W ien the solution had gently boiled for 2 hours after becoming 
turbid, the liquid was decanted through a filter paper containing 
a small amount of paper pulp. The precipitate was washed by 
decantation a few times with a solution containing 1 per cent 
succinic acid and 0.01 per cent hydroxylamine hydrochloride, 
and made neutral to methyl red with ammonium hydroxide. 
It was then dissolved in hydrochloric acid; 10 grams of ammo
nium chloride, 4 grams of urea, and 5 grams of succinic acid were 
added, and it was reprecipitated in a volume of 250 ml. The 
solution was filtered through the original paper, and the pre
cipitate adhering to the beaker removed as before described. 
The precipitates were ignited together in an unglazed porcelain 
crucible, first at a low temperature to char off the paper and finally 
for 1 to 1.5 hours at 1200° C. in an electrically heatea muffle. The 
first ten determinations in Table X I were made in the above 
manner.

Determinations 11 to 14 were made by the modified procedure. 
The samples were prepared and the reagents added as before. 
The solution was diluted to about 500 ml., and heated to boiling 
and dilute ammonium hydroxide was added dropwise to incipient 
turbidity. After gentle boiling for 1 hour, the precipitate was 
filtered off and washed, and the last traces were removed from the 
beaker as usual. The filter paper was charred off in an unglazed 
porcelain crucible, and the oxide was ignited for 1 hour in a cur
rent of hydrogen, then 1 hour at 1200° C. in air.

For the purpose of comparison, determinations 15 and 16 were 
made by the method of Craighead (4), in which zinc, copper, etc., 
are removed by electrodeposition at a mercury cathode. Num

bers 17 and 18 were made using a combination of the mercury 
cathode method, followed by a double precipitation by the present 
method.

These results show that small percentages of aluminum can 
be accurately determined in a commercial alloy containing a 
large per cent of zinc by either of the two methods given.

T a b l e  XI. D e t e r m i n a t i o n  o f  A lu m in u m  in  a  Z in c -B a s e  
D i e - C a s t i n g  A l l o y

Number
of Precipi Sample AUO, Al Al

No. Sample tations Volume Taken Found Found Present
M l. Grams Gram % %

1 A 2 250 1.001 0.0738 3.91 3.92®
2 A 0 250 1.002 0.0739 3 .90 3.92
3 A 2 250 1.002 0.0739 3 .90 3 .92
4 A 0 250 1.000 0.0739 3.91 3 .92
5 B 2 250 1.001 0.0739 3.91 3 .92
6 B 2 250 1.002 0.0737 3 .89 3 .92
7 B 2 250 1.002 0.0744 3 .93 3 .92
8 B 2 250 1.002 0.0742 3 .92 3 .92
9 C 2 250 1.002 0.0747 3.94 3.94b

10 C 2 250 1.002 0.0742 3 .92 3 .94
11 A 1 500 1.004 0.0739 3 .90 3.92®
12 A 1 500 1.002 0.0738 3 .90 3 .92
13 c A 1 500 1.001 0.0739 3 .90 3 .92
14« A 1 500 1.001 0.0741 3 .92 3 .92
15 A 2.001 0.1470 3.89 3 .92
16 A 2.000 0.1490 3 .95 3.92
17 A 2.001 0.1470 3.89 3.92
18 A 2.002 0.1473 3.89 3.92
° Bureau of Standards analysis. Not a standard sample.
t> 3.94% A1 by Gooch-Havens method using a 10-gram sample.
c No. 13 ignited with carbon gave 3.90% Al, while No. 14 gave 3.95% Al.

D e t e r m i n a t i o n  o f  A lu m in u m  i n  t h e  P r e s e n c e  o f  I r o n .  
Since ferric iron begins to  precipitate at a pH of approximately 
2 , it is obvious that for any separation of aluminum as a basic 
salt the iron must be in the ferrous state, under which condi
tions it commences to precipitate at a pH of 5.5 (3). With 
the present method of precipitation, the final pH of the solu
tion is seldom above 4.5, which should allow an excellent separa
tion of aluminum from ferrous iron. This would require the 
presence of a reducing agent which is stable enough to with
stand the rather extended time of heating and yet strong 
enough to keep the iron completely reduced. The reducing 
agents sodium thiosulfate, ammonium bisulfite, sodium hy
drosulfite, phenylhydrazine, hydroxylamine hydrochloride 
plus a little copper as catalyst (19), hydroquinone, p-amino- 
phenol, o-aminophenol, and p-anisidine were examined for 
this purpose.

The procedure was similar to that employed in the determina
tion of aluminum in the presence of copper. The amount of elec
trolytic iron shown in the tables was dissolved in hydrochloric 
acid and added to the aluminum chloride solution. After re
ducing the iron as completely as possible by adding fresh ammo
nium bisulfite to the hot solution, the ammonium chloride, urea, 
succinic acid, and reducing agent were introduced. The solution 
was diluted to 500 ml., heated to boiling, and neutralized to in
cipient turbidity with ammonium hydroxide, and the determina
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T a b l e  X II. E f f e c t i v e n e s s  o f  R e d u c in g  A g e n t s  o n  t h e  S e p a r a t i o n  o f  
A lu m in u m  fr o m  I k o n  b y  P r e c i p i t a t i o n  a s  B a s ic  S u c c i n a t e

AliOi Found, FeaOi
Fe No. of AI2O3 Corrected for in Error

No. Taken Pptns. Reducing Agent® Taken FesOa Pptn. AliO*
Grama Qram Gram M g. Mg.

1 1 .0 1 5 grams NasSjCh-SHiO 0.1910 0.1912 3 .0 +  0 .2
2 1 .0 2 5 grams NaiSjOa’SHsO 0.1904 0.1902 0 .2 - 0 . 2
3 1 .0 2 5 grams NasStOa-SHjO 0.1918 0.1922 0 .4 +  0 .4
4 1 .0 2 5 grams NaiSjOj-5HjO 0.1918 0.1918 0 .5 ± 0 .0
5 1 .0 2 5 grams NajSzOj-5HiO 0.1897 0.1898 0 .4 + 0 .1
6 1 .0 1 i 5 grams NasS20a*5H20 

(0 .5  ml. phenylhydrazine 0.1893 0.1893 2 .2 =*=0.0
7 1.0 1 1.5 grams sodium hydrosulfite 0.1889 0.1920 1.3 + 2 .1
8 1.0 1 1.5 grams sodium hydrosulfite 

4 grams NHiOH-HCl, 25 mg. Cu 
3 grams NHjNHi-2HUl, 25 mg. Cu

0.1894 0.1941 1 .8 + 4 .7
9 1 .0 2 0.1903 0.1897 - 0 . 6

10 1.0 2 0.1913 0.1915 Ô:4 +  0 .2
11 1.0 2 3 grams NHtNHi«2HCl, 25 mg. Cu 0.1903 0.1901 0 .4 - 0 . 2
12 1.0 2 3 grams NH2NH,.H,SOi 0.1901 0.1907 0 .5 + 0 .6
13 1 .0 2 3 grams NH jNHj-HjSO* 0.1903 0.1911 0 .5 + 0 .8
14 b 0 .05 1 2 grams N H ,NH s.H,S04 0.1892 0.1890 0 .5 - 0 . 2
156 0 .05 1 2 grams NH ,NH j.H ?SO* 0.1892 0.1888 0 .4 - 0 . 4
16 1 .0 2 3 grams NHjNH* HjSO* 0.1943 0.1944 0 .8 + 0 .1
17 1 .0 2 3 grams NHiNHj^HiSO« 0.1898 0.1897 0 .6 - 0 . 1
18 1 .0 1 [3  grams NH 2N H 2 H5SO4 

(0 .5  ml. phenylhydrazine 0.1900 0.1896 1.9 - 0 . 4
19 1 .0 2 3 grams p-aminophenol 0.1895 0.1882 0 .3 - 1 . 3
20 1.0 2 3 grams p-aininophenol 0.1934 0.1915 0 .3 - 1 . 9
21 1 .0 2 3 grams p-aminophenol 

3 grams o-aminopnenol hydrochloride
0.1908 0.1898 0 .4 - 0 . 9

22 1 .0 2 0.1891 0.1888 0 .4 - 0 . 3
23 1 .0 2 3 grams o-aminophenol hydrochloride 0.1910 0.1904 0 .2 - 0 . 6
24 1.0 2 3 grams o-aminophenol hydrochloride 0.1899 0.1852 0 .2 - 4 . 7
25 0 .02 1 3 grams hydroquinone 0.1912 0.1913 0 .5 + 0 .1
26 1 .0 2 2 grams hydroquinone 0.1889 0.1890 0 .2 + 0 .1
27 1.0 2 3 grams hydroquinone 0.1894 0.1893 0 .3 - 0 . 1
28 1 .0 2 2 grams hydroquinone 0.1898 0.1901 0 .4 + 0 .3
29 1 .0 2 3 grams hydroquinone 0.1905 0.1903 0.25 - 0 . 2
30 1 .0 2 3 grams hydroquinone 0.1920 0.1923 0 .3 + 0 .3
31 1 .0 2 3 grains hydroquinone 0.1912 0.1914 0 .3 + 0 .2
32 1 .0 2 3 grams hydroquinone 0.1905 0.1907 0 .3 + 0 .2
33 2 .0 2 3 grams hydroquinone 0.0433 0.0-133 0 .35 ± 0 .0
° Same reducing agent used in second precipitation. 
b Precipitation and filtration made in an atmosphere of carbon dioxide.

tion was completed as usual, washing the precipitate with a 
solution of 1 per cent succinic acid and a little of the reducing 
agent, made neutral to methyl red with ammonium hydroxide. 
Whenever a double precipitation was made, the first precipitate 
was dissolved in hydrochloric acid and the process repeated. The 
iron accompanying the aluminum was determined colorimetrically 
with thiocyanate after fusion of the ignited oxide with potassium 
pyrosulfate.

T a b l e  X III. D e t e r m i n a t i o n  o f  A lu m in u m  i n  t h e  P r e s e n c e  
o f  I r o n

(2 ml. of phenylhydrazine added as reducing agent in each precipitation)

Fe No. of AI2O3
AI2O3 Found, 
Corrected for FeiOa Error

Taken Pptns. Taken Fe20a in Pptn. AljOa
Grams Gram Gram Mg. Mg.
0.01 1 0.19325 0.19350 0.13 + 0 .2 5
0.02 1 0.19035 0.19030 0 .13 - 0 .0 5
0.035 1 0.18980 0.18980 0 .26 ± 0 .0 0
0 .05 1 0.18975 0.19020 0 .50 + 0 .4 5
0 .05 1 0.19125 0.19110 0 .30 - 0 .1 5
0.135 1 0.18965 0.18955 0 .60 - 0 .1 0
1 .0 1 0.19060 0.19085 1.15 +  0 .25
1.0 2 0.19060 0.19050 0 .09 - 0 .1 0
1 .0 2 0.19835 0.19850 0.15 +  0 .15
2 .0 2 0.03985 0.03970 0.07 - 0 .1 5
2 .0 0 0.05735 0.05755 0 .13 + 0 .2 0
2 .0 2 0.02360 0.02355 0 .10 - 0 .0 5

Several methods were attem pted to remove the iron from 
the ignited oxide, but no particular success was attained. 
Ignition of the impure oxide for 1 hour in a current of hydro
gen, followed by extraction with hot concentrated hydro
chloric acid, failed to remove all the iron and at the same time 
dissolved from 0.1 to 0.2  mg. of aluminum. Repeated heating 
of the ignited oxide in an air bath with a mixture of ammonium  
chloride and ammonium bromide (17, 18) showed that the 
process was inefficient and of doubtful analytical value for 
the present purpose. Representative results of this prelimi
nary work are given in Table X II , while Table X III  shows the 
results obtained using phenylhydrazine as reducing agent.

Tables X II  and X III show that phenylhydrazine is the 
best suited of any of the above-mentioned reducing agents 
for keeping the iron reduced, and preventing it from being 
precipitated with aluminum by urea from a solution contain

ing succinate and ammonium chloride. 
This is probably due to its tendency to 
volatilize with steam, thus maintain
ing a reducing atmosphere above the  
liquid. In all cases where 1 gram of 
iron was present, a rust-colored rim 
of precipitate formed on the wall of 
the beaker at the surface of the liquid 
during the first precipitation. This 
was much less p r o n o u n c e d  w it h  
phenylhydrazine than with any of the 
others. If the solution has a volume 
of approximately 500 ml., the presence 
of 2 ml. of phenylhydrazine will give 
a satisfactory separation of 0.1 gram 
of aluminum from 0.2 gram of iron 
in a single precipitation. If more iron 
is present, reprecipitation is necessary. 
A double precipitation will separate 
0.1 gram of aluminum from 1 gram of 
iron, or 0.03 gram from 2 grams of 
iron.

Hydroquinone was not quite as effec
tive, 0.2 to 0.4 mg. of f e r r i c  o x id e  
usually remaining after two precipita
tions. Hydroxylamine a p p e a r e d  t o  
keep the iron reduced while the solu
tion was appreciably acid, but as the 
pH value became high enough for the 
complete precipitation of aluminum, 
the iron readily oxidized. This would 

seem to confirm the views of Solaja (19) that ferric iron is 
easily reduced by this reagent in acid solution, while in alka
line solution ferrous iron is readily oxidized by it.

Sodium thiosulfate, sodium hydrosulfite, and hydrazine 
sulfate and hydrochloride did not prove at all satisfactory, 
since they failed to keep the iron reduced or prevent its 
oxidation at the surface of the liquid. Both o- and p-amino- 
phenol gave consistently low results for aluminum and at the 
same time were not particularly good for preventing the precipi
tation of iron. p-Anisidine and ammonium bisulfite proved 
to be so valueless that no final determinations were made with 
them.

The above procedure was applied to the determination of 
aluminum in Bureau of Standards iron ore No. 26, containing
1.01 per cent of AI.O3, 0.07 per cent of T i02, and 0.09 per cent of 
P2O5. The ore was dissolved with hydrochloric acid, the silica 
was removed and volatilized in the usual way, and the residual 
oxides were added to the main solution. The iron was reduced, 
phenylhydrazine added, and the aluminum precipitated twice 
according to the above procedure. After weighing the aluminum 
oxide it was fused with potassium pyrosulfate, the iron and ti
tanium were precipitated by cupferron, and the iron was de
termined colorimetrically. The phosphorus in the filtrate was 
determined. The weight of the precipitate was corrected for 
these impurities. The results are shown in Table XIV.

In N os. 5 and 6 ammonium sulfate was added instead of 
succinate, in the hope of obtaining more complete precipita
tion of phosphorus and aluminum. I t  is obvious that the 
method tends to give results which are slightly low. It is 
possible that some phosphorus was lost in the fusion with 
pyrosulfate, but it is certain that in the succinate method not 
all is retained by the precipitate. This was also true when
0.1 gram of aluminum was added to the ore, the recovery in 
this case being about 60 per cent of the total, whereas by the 
sulfate method the precipitation of phosphorus was complete.

Attem pts were made to precipitate aluminum as phosphate 
by the use of urea. Although the precipitate filtered excep
tionally well, the results were erratic and always too high by 
1 to 15 mg., regardless of whether sulfate, succinate, or neither
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T a b l e  XIV. D e t e r m in a t io n  o p  A l u m in u m  i n  I r o n  O r e

W t. of 
No. Sample

AliO.
Present

AljOs
Found Error

Phos
phorus
Present

Phos
phorus 
in Ppt.

Grams % % % % %
1 3.0370 1.01 0 .73 0.28 0.09 0.037
2 4.8573 1.01 0 .95 0.0Ö 0.09 0.031
3 3.4992 1.01 0 .98 0.03 0.09 0.028
4 3.6156 1.01 0 .98 0.03 0.09 0.031
5 3.2485 1.01 0 .95 0.00 0.09 0.087
6 2.8595 1.01 1.00 0.01 0.09 0.081

was present. I t  is probable that some of the aluminum, pre
cipitated while the solution is still rather acid, forms an acid 
phosphate.

A preliminary study of the effect of various anions on the 
precipitation of other weak bases showed that while sulfate 
invariably caused the formation of a dense precipitate, there 
was no uniformity in the action of other anions.

The method has already yielded good results in the case 
of gallium. If titanium is present it is quantitatively pre
cipitated with the aluminum. By a suitable modification of 
this method to be described in a later paper it has been 
found possible to separate titanium from aluminum. The 
quantitative precipitation of other bases is being inves
tigated.

S u m m a ry

It has been found that aluminum can be quantitatively pre
cipitated at a pH of 6.5 to 7.5 by gently boiling for 1 or 2 hours 
after the appearance of turbidity, its solution containing 4 
grams of urea, 10 or 20 grams of ammonium chloride, and 1 
gram of ammonium sulfate. A single precipitation gives a 
very good separation of 0.1 gram of aluminum from 1 gram of 
calcium, magnesium, and manganese, while the separation 
from nickel, cobalt, zinc, and copper is much superior to that 
obtained by the use of ammonia.

The substitution of succinate for sulfate makes the pre
cipitation of aluminum quantitative at a pH of 4.2 to 4.6, 
from a solution otherwise of similar composition. If the 
hot solution is first neutralized to incipient turbidity with 
dilute ammonia, the time required may be considerably 
shortened without much change in the character of the pre
cipitate.

B y this method a single precipitation will effectively sepa
rate 0.1 gram of aluminum from an equal amount of nickel or 
cobalt, or from 1 gram of calcium, barium, magnesium, man
ganese, and cadmium, or a few milligrams of aluminum from 
1 gram of cobalt or nickel. If the final oxide is ignited in a 
current of hydrogen to volatilize zinc, one precipitation will 
also serve to separate 0.1 gram of aluminum from 1 gram of 
zinc. A double precipitation will give an excellent separation 
of the same quantity of aluminum from 1 gram of nickel, 
cobalt, or zinc.

The separation from copper in one precipitation is success
ful if a suitable reducing agent is present to keep the copper 
in the cuprous state. Iron must also be kept in the ferrous 
form and phenylhydrazine was found to be the best for this 
purpose. Two precipitations give a good separation of 0.1 
gram of aluminum from 1 gram of iron or of 0.03 gram of 
aluminum from 2 grams of the latter, but any phosphate 
present is only partially precipitated. Aluminum can be 
accurately determined in a zinc-base die-casting alloy con
taining large amounts of zinc and some copper.

Aluminum phosphate precipitated by this method contains 
excess of phosphate. The success of this method depends on 
the slow increase in pH caused by the decomposition of the 
urea, resulting in a dense precipitate, a homogeneous solution, 
and a low final pH.

A c k n o w le d g m e n t

The authors are greatly indebted to H. C. Fogg for a large 
part of the work on the separation of aluminum and iron.
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Sim ple and Inexpensive E lectric  
Heating Apparatus

FRITZ BREUERI 
T he Ohio S tate U niversity, C olum bus, Ohio

AN  APPARATUS which is peculiarly adapted to the 
heating of volatile solvents for reflux or distillation 

consists of an ordinary flowerpot with an upper diameter of 
about 15 cm. and a base of about 9 cm. The hole in the  
bottom is enlarged (with a rat-tailed file) to accommodate a 
carbon-filament electric bulb. A set of rings from the ordi
nary copper water bath is placed on the pot. The whole 
apparatus is used in a ring stand or tripod support.

The device reduces the danger of solvent inflammability, 
is free from water vapors which may injure a sensitive reac
tion, and so illuminates the flask contents as to make obser
vation easy. It successfully refluxes quantities of ether up 
to 400 to 500 cc.; with higher boiling solvents (benzene, 
ethyl alcohol) volumes of about 100 cc. can be distilled off, 
if a towel or asbestos paper is wrapped around the flask for 
insulation.

The heat output can be varied by substituting a low- 
wattage tungsten-filament bulb or a heating unit with stand
ard lamp socket thread, such as is used in electric heaters of 
the reflector type.

R e c e iv e d  January 29, 1937.

1 Present address, United Gas Improvement Co., 319 Arch St., Phila
delphia. Pa.



Determ ination o f Small Quantities o f Oxygen 
in Gases and Liquids

I. J . W. M acHATTIE AND J. E. MACONACHIE, O ntario Kesenrcli F ou ndation , T oron to , Canada

O xygen in  gaseou s m ixtu res and  dissolved  
in  liq u id s can  b e accurately  d eterm in ed  in  
sm a ll q u a n tity  by ab sorp tion  on  copper  
w etted  w ith  an  a m m o n ia ca l so lu tio n  o f  
a m m o n iu m  cb loride, th e  re su ltin g  oxide  
b e in g  d issolved  in  th e  sa m e so lu tio n , and  
th e  coppcr derived b e in g  e stim a ted  by titra 
tio n  o f  a b lan k  to  th e  sa m e  d ep th  o f  b lu e  
color. T h e a rran gem en t o f  ap p aratu s d e 
scribed is  capable o f  m ea su rin g  oxygen  w ith  
an  accuracy o f  3 per cen t in  a m o u n ts  from  
0.02 to 2 m l. N o in terferen ce  is  cau sed  
by gases u su a lly  en co u n tered , an d  d eter
m in a tio n s  are m a d e  at a ra te  o f  fou r in  an  
h ou r.

IN  T H E  control of furnace atmospheres, in hydrogenation 
processes, and in catalytic syntheses, there has developed 

a need for a simple and rapid method of determining oxygen 
in gaseous mixtures in concentrations much lower than those 
that are accurately measured by analysis apparatus of the 
Orsat type. The method described here has been found cap
able of measuring oxygen with good accuracy at any concen
tration down to 20 parts per million, and permits of three or 
four determinations in an hour. The apparatus is simple and 
lends itself readily to  series of many determinations as in con
trol work. The method is offered also as an alternative to the 
manganous hydroxide method of determining oxygen dis
solved in water, w ith the advantages of requiring less time and 
smaller samples, with no less accuracy.

P rin cip le  o f  th e  M ethod
Iiem pel (3) described a reagent for the quantitative absorp

tion of oxygen that consisted of an ammoniacal solution of am- 
monii m carbonate in contact with metallic copper. Haehnel 
and Mugdan (2) preferred an ammoniacal solution of ammo
nium chloride on account of its lower ammonia vapor pressure. 
The absorptive powers of reduced copper solutions were investi
gated by Badger (1), who recommended a solution consisting 
of equal parts of concentrated ammonia and of water, the mix
ture saturated with ammonium chloride, and who remarked 
that oxygen was not completely removed unless some metallic 
coppcr were left uncovered by the solution. The procedure 
that has been developed in this laboratory is based on the use 
of copper for removing traces of oxygen from commercial 
nitrogen, made by Van Brunt (4), and avoids the difficulties 
inherent in exact measurements of volum e as required by the 
usual methods of gas analysis.

Oxygen is absorbed on a surface of copper wetted with a 
solution of ammonium chloride and ammonia, the resulting 
oxide is washed off with the same solution, and the copper in 
the washings is determined by a colorimetric titration. The 
amount of oxygen is calculated by the use of a conversion 
factor which is independent of concentration.

A pparatus
The principle of the method m ay be incorporated in differ

ent designs of apparatus suited to particular purposes. The
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arrangement illustrated (Figure 1) and described here was 
used in the investigation of the possibilities of the method and 
for determinations of oxygen in the atmosphere of an indus
trial heat-treating furnace.

The analysis cell, 1, of about 25-ml. volume, is filled with short 
lengths of 22-gage copper wire supported by a constriction at 2. 
All-glass capillary (1-mm. bore) connections lead to the 250-ml. 
gas-sampling tube, 3, through the 3-way stopcock, 4, to the atmos
phere through stopcocks 5 and 6, to the wash-solution reservoir, 
7, through stopcock 8, and at position 9 through stopcock 10, 
and finally to a source of oxygen-free nitrogen at position 9. 
The wash-solution reservoir, 7, is filled with a solution made by 
mixing equal volumes of a saturated solution of ammonium 
chloride and concentrated aqua ammonia, and is provided with a 
water-sealed outlet. The gas-sampling tube, 3, may be filled with 
mercury through stopcock 11 by raising the leveling bulb. A 
second 3-way stopcock, 12, allows the sampling tube to be filled 
with the gas or liquid to be analyzed, or to be exhausted to the 
atmosphere. For the sake of convenience a by-pass has been 
inserted with stopcocks 13 and 14 by which mercury may be run 
into the sampling tube at any desired rate. This rate is con
trolled by adjustment of stopcock 14, which once set is left alone, 
and the mercury is turned off or on by stopcock 13. Stopcock 15 
leads to a constricted jet at 16, by which means a small amount of 
mercury may be withdrawn and weighed when it is desired to draw 
into the sampling tube a known volume of air for calibration 
purposes.

Oxygen-free nitrogen is obtained by passing the commercial 
article through the copper turnings in the bulb, 17, which are kept 
wetted with ammoniacal ammonium chloride solution by the 
operation of the lift pump, 18, to which the flow of solution is 
regulated by the screw clamp, 19. During use, nitrogen is drawn 
from the cylinder at the rate of 3 to 4 liters per hour, and the flow 
is cut down almost to zero during other times.

M eth od  o f  O peration
When not in use the apparatus is left under a pressure of ni

trogen, with the analysis cell and sampling tube empty of liquid, 
stopcock 10 open, all others closed, and 4 open between the cell 
and the sampling tube. Nitrogen then passes out through 9 and 
bubbles through the solution in 7, keeping it oxygen-free. In a 
small room a strong smell of ammonia may be avoided by acidi
fying the water in the outlet seal.

Before a series of determinations, the absence of oxygen in 
the system is tested by a blank determination with nitrogen in 
exactly the same way described below for the analysis of a gaseous 
sample. The nitrogen in 3 is expelled through 4 and 12 by opening 
11 and raising the leveling bulb until the mercury reaches stopcock
12. The sample, containing less than 2 ml. of oxygen, is drawn in 
through 12 by lowering the mercury and 4 is opened to the cell. 
Stopcock 11 is closed and the mercury reservoir is raised to the 
height of stopcock 4 and converted to a Mariotte bottle by insert
ing a stopper in its neck with a glass tube reaching nearly to the 
bottom of the bulb. With 14 adjusted to pass mercury at a rate 
of 25 ml. per minute, 13 is opened, 5 is opened, and 10 is closed. 
The sample of gas then passes through the cell and is vented at 5.

When the sample has been driven past 4, that stopcock is closed 
and 10 is opened, and the cell is swept with nitrogen for 2 minutes. 
Stopcock 5 is then closed, 8 is opened, and 100 ml. of wash solution 
are drawn off through 6 into a 100-ml. Nessler tube. A second 
Kessler tube is nearly filled from 5 by closing 6 and opening first 5 
and then 8, after which these are closed and the apparatus is ready 
for the introduction of the next sample. Care should be exercised 
that mercury is not carried over from the sampling tube to the 
analysis cell. Should this occur, the use of the cell need not be 
discontinued at once, as the copper is not immediately affected, 
but amalgamation will so lower the activity of the copper within a 
few days that the replacement of the copper turnings will be neces
sary.

If the sample contained oxygen, the contents of the first 
Nessler tube, taken from 6, will be colored blue in comparison 
with the liquid in the second, owing to copper derived from the
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F ig u r e  1. D ia g r a m  o f  A p p a r a t u s

cell. The amount of this copper is proportional to the oxygen 
that was passed through the cell, and provides the means of 
measuring it. To the second Nessler tube, a standard solution 
of copper is added from a buret until the depth of blue color is 
the same in the two tubes, and the amount of oxygen in the 
sam ple is calculated from the volume of copper solution 
added. A blank determination on the oxygen-free nitrogen 
should yield a result of less than 0.002 per cent of oxygen.

E stim a tio n  o f  Copper

A method based on the blue color of the cupric ion in ammo- 
niacal solution was chosen as the most convenient method of 
analysis of the wash solution after the examination of several 
other methods, and yields results of sufficient accuracy with 
on ly  a few simple precautions. The color does not develop 
completely until the solution is exposed to air and cuprous ions 
are oxidized; consequently the solution is thoroughly stirred 
before comparison is made. The concentration of ammonia 
and ammonium chloride must be nearly the same in the tubes 
being matched; otherwise there will be a difference in color 
which will make judgment of intensity difficult.

The tubes are viewed lengthwise from above, and illumi
nated nearly equally from below. An inclined mirror receiving 
light through a frosted-glass screen from a 60-watt light is 
used in this laboratory. M ost people judge a color to be 
deeper on one side than the other, so that the tubes should be 
switched about, right to left, several times in making a com

parison. M atching is easiest when the solu
tions contain about 2 mg. of copper. If this 
be exceeded, an aliquot should be taken and 
diluted with wash solution to the original 
volume. It is convenient to use a standard 
copper solution containing between 0.1 and 
0.2 mg. of copper per ml. in a 25-inl. buret. 
Matching may easily be carried out to a preci
sion of 0.2  ml. of such a solution, correspond
ing to 0.002 to 0.004 ml. of oxygen.

C onstancy  o f  C opper-O xygen R atio
In developing the method the authors aimed 

at securing a ratio between the amount of 
copper determined in the wash solution and 
the amount of oxygen taken in the sample 
that would correspond to the formula Cu20 ;  
that is, 11.36 mg. of copper per ml. of oxy
gen (0° C., 760 m m .). The ratio found was 
affected by the rate of passage of the gas sam
ple over the copper, by the manner of wash
ing the cell afterwards, and by the concentra
tion of the wash solution. The procedure, 
described above, yielded a ratio of 10.45 mg. 
of copper per ml. of oxygen, which ratio was 
found to be independent of the concentra
tion of oxygen in the sample for amounts of 
oxygen ranging from 0.02 to 2 ml. A cali
bration curve was therefore unnecessary, the 
ratio 10.45 being used as a straight conversion 
factor. The degree of precision with which 
this factor was reproduced in test determi
nations may be seen in Table I.

Tests 11 to 18 were carried out by an 
operator who had no previous experience with  
either the apparatus or the method.

In terferen ce from  O ther G ases
The method is very specific for oxygen, 

so that in nearly all cases no preliminary 
treatment of the raw sample is necessary. The 

reaction between copper and oxygen is quantitative in the  
presence of any concentrations of hydrogen, carbon mon
oxide, carbon dioxide, methane, ethylene, benzene, and their 
homologs. Sulfur dioxide interferes only in concentrations 
greater than 10 per cent of a 250-ml. sample. Small amounts 
of hydrogen sulfide and carbon bisulfide are admissible, but in

T a b l e  I. D e t e r m i n a t i o n s  o f  C o p p e r - O x y g e n  R a t i o
(Total volume of each sample, 270 ml. Standard copper solution, 0.138

mg. per ml.)
Oxygen Copper Copper-Oxygen Oxygen Found

Test No. Taken'1 Found Ratio R  -  10.45
Ml. Mg. M g./m l.

1 0.0598 0.629 10.52 0.0602
2 0.0733 0.758 10.34 0.0725
3 0.109 1.14 10.46 0.109
4 0.178 1.91 10.73 0.183
5 0.266 2.77 10.41 0.265
6 0.353 3.69 10.45 0.353
7 0.781 8.07 10.33 0.773
8 1.62 16.9 10.43 1.62
9 2.41 24 .8 10.28 2 .37

10 4.73 48.2 10.19 4.62
Av. (1 to 8) 10.46

11 0.145 1.48 10.21 0.142
12 0.235 2.51 10.67 0.240
13 0.325 3.42 10.52 0.328
14 0.531 5.50 10.36 0.526
15 0.626 6.52 10.41 0.624
16 0.694 7.28 10.49 0.697
17 1.22 12.7 10.44 1.22
18 1.41 14.8 10.46  

Av. 10.44
1.41

a 0° C., 760 mm.
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large quantities these gases impart a yellow color to the wash 
solution which interferes w ith the matching of the blue color. 
This interference m ay be avoided by using, for comparison, a 
yellow blank obtained by passing the gas over the copper in 
the cell after the removal of oxygen. If the copper in the 
cell becomes blackened by sulfide, it may be cleaned by draw
ing into the cell a dilute solution of nitric acid.

D eterm in a tio n  o f  D issolved  O xygen
For the determination of dissolved oxygen a sample of liquid 

containing about 0.1 ml. of oxygen is drawn directly into the sam
pling tube on top of the mercury. The analysis cell is filled with 
wash solution up to stopcock 10, which is then closed, 5 is opened, 
and the sample is passed through the flooded cell at a rate of 10 ml. 
per minute. The mixture of water and wash solution is caught 
in a Nessler tube at 5, and made up to 100 ml. with wash solution

which is used to rinse the cell after the sample has been passed. 
If the sample is greater than 50 ml., the passage through the cop
per is interrupted halfway, and the cell is drained and refilled 
with fresh wash solution. The blank solution used for comparison 
should contain a volume of water equal to that of the sample, in 
order to keep the concentration of the solutions nearly the same. 
In calculating results, the same conversion factor is used as for 
the gaseous samples. The method is obviously not applicable to 
strongly acid liquid samples.
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Graphic Analysis o f Hydrocarbon Oils
V olu m e-P h ysica l Constants R elationship  R esulting from  Successive E xtractions  

with Sulfuric Acid

C. II. FISHER AND ABNER EISNER, P ittsburgh  Experim ent S ta tion , U. S. B ureau o f  M ines, P ittsb urgh , Pa.

SU LFURIC acid of various concentrations has long been 
used as a reagent in determining the composition of hy

drocarbon oils, such as gasoline, kerosene, and neutral oils 
from coal-tar distillates. Although differing in details, most 
of these procedures (4, 9) employ two concentrations of sul
furic acid and follow the outline given below. Extraction of 
the oil with the acid of lower concentration (usually 80 to 92 
per cent), followed by distillation to remove olefin polymers, 
is recommended for the estimation of unsaturated hydrocar
bons. The distillate obtained in this manner is taken as 
olefin-free oil and used in the second stage of the analysis. 
Aromatic hydrocarbons usually are determined in the olefin- 
free oil by sulfuric acid of higher concentration (96 to 100 per 
cent and fuming acid are recommended), the oil not removed 
as water-soluble sulfonic acids being considered as saturated 
hydrocarbons. Although this procedure for analyzing hydro
carbon oils has been studied and used extensively, it  is gen
erally agreed that methods of this kind are not very satisfac
tory.

Since attem pts to devise improved modifications of the 
analytical procedure described above have been disappoint
ing, it appeared that a study directed to methods of. another 
type might be profitable. The graphic method of character
izing hydrocarbon oils described in the present paper, de
veloped during a recent investigation (2) of sulfuric acid 
extraction methods of determining olefins and aromatics, is a 
departure from the usual type of sulfuric acid method and 
has several interesting advantages. The new method is 
based on the changes in physical constants that accompany 
the stepwise removal of olefins and aromatics, as effected by 
successive extractions with several sulfuric acid solutions. 
As is shown below, a hydrogenated-coal distillate and two 
synthetic solutions were analyzed more accurately and char
acterized more completely by this method than by several 
methods of the older type.

M ateria ls and  Procedure

In most cases the concentrated sulfuric acid solutions were 
analyzed by titration, the more dilute acid solutions by the 
specific gravity method. Some of the hydrocarbons used in

the preparation of synthetic solutions were purified by wash
ing with sulfuric acid and distillation. Hydrocarbons avail
able in good grades were used as purchased. D iam ylene 
(commercial grade) was purified by distillation through a six- 
ball Snyder column, only the middle fraction being retained. 
This left in the diamylene an impurity which could be re
moved by washing with 80 per cent sulfuric acid. Bromine 
number determinations, as carried out by Francis (8), were 
made to ascertain the purity of most of the olefins.

Details of the Morrell-Levine (10), Towne (12), and Kester- 
Pohle (6) methods used to analyze the synthetic solutions of 
Table II m ay be obtained from the original articles. Proce
dures not previously reported are described in appropriate 
places in the text.

Volume of residual oil. cubic centimeters

F ig u r e  1. P h y s ic a l  C o n s t a n t s  a n d  V o l u m e  o f  R e s id u a l . 
O il  (H y d r o g e n a t e d  C o a l  D is t il l a t e )
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C h aracteriza tion  o f  O ils b y  th e  V olu m e-P h ysica l 
C o n sta n ts  R ela tion sh ip

The method developed in the present work consists in 
washing the oil successively w ith sulfuric acid solutions of in
creasing concentration and determining each time the volume, 
specific gravity, and refractive index of the unsulfonated oil. 
The olefin and aromatic contents are then ascertained by 
plotting volumes of residual oil against the corresponding 
physical constants. The behavior of the oil and the changes 
in physical constants during these washings with sulfuric 
acid are as follows: Treatment initially with dilute sulfuric 
acid and later with acid of higher concentration removes ole
fins and aromatics progressively, the olefins being first ex
tracted. As the olefins are removed the concentration of 
aromatics in the residual oil is increased and, as a result, the 
physical constants (specific gravity and refractive index) ob
served are higher. The maximum values are reached at the 
stage of complete removal of olefins (some unreactive olefins 
m ay be present) and incipient extraction of aromatics. The 
volume loss occurring to the point of maximum physical 
constants is taken as the olefin content .

T a b l e  I .  P h y s ic a l  C o n s t a n t s  o f  R e s id u a l  O i l  f r o m  S u l 
f o n a t io n  o f  H y d r o g e n a t e d - C o a l  D is t il l a t e

Refractivity Specific
Refraction,Concentra Volume of Refractive Intercept,

tion of Residual Sp. Gr. at Index at d n — 1
H,SO< Oil 15.5° C. 15.5° C. n 2 d “

% Cc.
Original oil) 100 0.941 1.5335 1.063 0.567

75 95 .5 0.938 1.5340 1.065 0.569
77 94.5 0.936 1.5325 1.065 0.569
80 93 .5 0.938 1.5340 1.065 0.569
82 92 .0 0.938 1.5330 1.064 0.569
84.5 91.0 0.938 1.5340 1.065 0.569
87 89.0 0.939 1.5333 1.064 0.568
90 83.5 0.940 1.5309 1.061 0.565
93 67.0 0.937 1.5248 1.056 0.560
96 19.0 0.834 1.4624 1.045 0.554
98 17.0 0.827 1.4555 1.042 0.551

In the second stage of the analysis the sulfuric acid of 
higher concentration removes the aromatics, causing the 
physical constants to fall until the removal of aromatics is 
complete, when the constants observed are those of the re
sidual naphthenes and paraffins. Treatment with strong 
sulfuric acid beyond this point has not been studied exten
sively, but it is known that the volume of oil and physical 
constants are little changed b y  further treatment unless the 
reagent is fuming sulfuric acid. The aromatic content of the 
original oil is represented by the volume loss occurring be
tween the point of maximum values for physical constants, 
observed at the beginning of the extraction of aromatics, and 
the point at which the physical constants become approxi
m ately constant because of the complete removal of aromatics. 
This procedure and its application to neutral oil analysis are 
clarified by an examination of the curves obtained in the pres
ent work (Figures 2, 3, and 4).

This method of examining hydrocarbon oils may overcome 
some of the difficulties attending the use of previous methods, 
such as the interaction of olefins and aromatics, extraction of 
aromatics before olefin removal is complete, etc. It has been 
shown (5) that dilute sulfuric acid dissolves olefins, moder
ately concentrated acid polymerizes olefins, and more con
centrated acid causes olefins to condense with aromatic hydro
carbons. The concentrations of acid required to bring about 
these reactions vary according to the olefins present.^ It 
follows, therefore, that repeated washing with acid solutions 
of increasing concentration should give all olefins an oppor
tunity to dissolve, since each olefin, regardless of its reactivity, 
is at some time in contact with acid of favorable concen
tration. In the older type of analysis the one concentration 
of acid used as olefin reagent simultaneously causes dissolu-

F ig u r e  2 . V o l u m e , S p e c if i c  R e f r a c t io n , a n d  R e f r a c -  
t iv it y  I n t e r c e p t  o f  R e s id u a l  O il  ( H y d r o g e n a t e d  C o a l  

D i s t il l a t e )

tion, polymerization, condensation with aromatics and, for 
some unreactive olefins, no attack at all.

Another advantage of the graphic analysis method is the 
fact that the nature of the constituents, as well as the quanti
ties, is indicated. An inspection of the curves or calculations 
(see Table IV) makes it possible to draw conclusions as to the 
physical constants, and hence the characteristics, of the ole
fins, aromatics, and saturated hydrocarbons in the oil. For 
example, the curves may be quite different in shape and posi
tion although the maximum and minimum physical constants 
occur at corresponding volumes of residual oils. This makes 
possible a further characterization of hydrocarbon oils of the 
same olefin and aromatic contents that would appear to be 
identical by the usual sulfuric acid analysis.

The volume losses and changes in physical constants 
caused by washing a neutral hydrogenated-coal distillate 
(initial volume, 100 cc.) successively with various sulfuric 
acid solutions are shown in Table I. The acid solutions 
ranged in concentration from 75 to 98 per cent by weight. 
The same procedure, agitation for 5 minutes in a separatory 
funnel with three volumes of acid, was employed in each 
washing. From the data obtained in the present work and 
in a previous investigation (11) (see Figure 4) it appears that 
about ten treatments with sulfuric acid afford data sufficient 
to characterize both coal-tar and petroleum oils. The rela
tionship between the volume and physical constants of the 
unsulfonated oil is shown by Figure 1. The specific refrac
tions (Gladstone-Dale) and refractivity intercepts, calcu
lated by the formula of Kurtz and Ward (7), were also plotted 
against the volumes (Figure 2).

An inspection of Figures 1 and 2 shows that the refractive 
index, specific refraction, and refractivity intercept reached 
their highest values when the volume of the residual oil was 
about 93 to 94 cc. The olefin content thus indicated is 6 to 7 
per cent, a value in good agreement with the analyses de
scribed in Table VI. As the washings with sulfuric acid were 
not continued beyond the extraction of aromatics (and the 
incipient removal of saturates), it was not demonstrated that
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T a b iæ  I I .  C o m p o s it io n  o f  S y n t h e t ic  S o l u t io n s

Amount of Constituent
Constituent Solution 1° Solution 2t*

Cc. Cc.
Olefin mixturec 300 300
Diamylene

25
25

200
p-Cymene
Ethylbenzene

25
25

Diethylbenzene 25 25
Benzene 625 625
Toluene 700 600
Decahydronaphthalene 150 100
Heptane 150 100

° 15 per cent olefins, 70 per cent aromatics, 15 per cent paraffins. 
b 25 per cent olefins, 65 per cent aromatics, 10 per cent paraffins. 
c 9 cc. diisobutylene, 26.5 cc. styrene, 33.5 cc. octylene, 156 cc. cyclo- 

bexene, 178 cc. pinene, and 238 cc. dipentene.

T a b l e  I I I .  V o l u m e  a n d  P h y s ic a l  C o n s t a n t s  o f  R e s id u a l  
O i l  f r o m  S u l f o n a t io n  o f  S y n t h e t ic  S o l u t io n s

Solution 1 Solution 2
(15 Per Cent Olefins) (25 Per Cent Olefins)

Volume of Re Specific Volume of Re Specific
Concn. residual fractivity refrac residual fractivity refrac

of HjSO« oil intercept tion oil intercept tion
% Cc. Cc.

(Orig. oil) (100) 1.0535 0.563 (100) 1.0508 0.560
75 94 1.0554 0.565 93.5 1.0525 0.562
77 91 1.0553 0.565 91 1.0541 0.564
80 87 1.0550 0.564 87.5 1.0548 0.564
82 83 .5 1.0565 0.566 83 1.0538 0.5645
84 .5 80 1.0555 0.565 79 1.0550 0.565
87 77 .5 1.0557 0.565 75 1.0586 0.569
90 71 1.0547 0.564 70 1.0582 0.568
93 50 1.0527 0.562 53 1.0528 0.562
96 30 1.0534 0.5635 35 .5 1.0518 0.561

the physical constants had attained constant values. How
ever, the removal of aromatics, almost complete after the 
treatment with 96 per cent acid, must have been thorough 
after the final washing with 98 per cent acid (£). Therefore, 
the oil remaining consisted of saturated hydrocarbons, and its 
volume may be taken as the paraffin and naphthene content 
of the original oil. The value (17 per cent) thus obtained 
for the saturated hydrocarbons and the aromatic content cal
culated by difference (76.5 per cent) agree well with analyses 
made by another method (Table VI).

A better test of the accuracy of the graphic method was 
afforded by the analysis of two synthetic solutions of known 
composition. In order that the synthetic solutions might 
resemble the complex neutral oils obtained from coal, the 
aromatic contents were made high, and several different 
representatives of each hydrocarbon group were included. 
R elatively reactive olefins were employed in solution 1, while 
solution 2 (Table II) contained a considerable quantity of an 
unreactive olefin (diamylene) as well as unsaturated hydro
carbons more easily attacked by sulfuric acid. Diamylene 
recently has been demonstrated (1) to consist of the two olefins:

C H ,CH =C(CH3)CH2 C(CH3)2CHsCHs
CHjCH=C(CH5) CH(CHS) C(CH3)2 CH,

In spite of the high aromatic contents and the presence of 
an unreactive olefin in solution 2 , very satisfactory results- 
were obtained by the graphic method. Although the ob
served values for specific gravity (hydrometer) and refractive 
index were not corrected for temperature, these data (Table 
III) were sufficient to indicate the olefin contents (15 and 25 
per cent) of the synthetic solutions with considerable ac
curacy. The relationships among volume of unsulfonated 
oil, refractivity intercept, and specific refraction (Gladstone- 
Dale) are shown in Figure 3. The sulfuric acid treatments 
were not continued long enough to remove all the aromatics; 
this is indicated by the physical constants of the oil remaining 
after the last washing.

It m ay be observed from the data in Table III that the vol
umes of oil removed from the synthetic solutions by any one 
concentration of acid are almost identical. If, as in most sul

furic acid methods, the physical constants were not consid
ered, it might be concluded that both solutions have similar 
olefin and aromatic contents (see also the analyses in Table 
V). Since the maximum values for physical constants occur 
at distinctly different points (75 and 85 cc. of unsulfonated 
oil), the olefin contents must be considerably different and 
the graphic method is therefore to be preferred to the older 
methods for these solutions.

Data obtained previously by Ormandy and Craven (11) 
with two gasolines may be plotted as previously (Figures 1 
to 3) to ascertain the concentration of olefins and aromatics. 
These data are interesting because the oils studied, being de
rived from petroleum, are different in composition from the 
highly aromatic oils considered above.

The English investigators employed an extraction proce
dure very similar to that used with the hydrogenated-coal 
distillate (Table I) and synthetic solutions 1 and 2 (Table II). 
The oil (50 cc.) was shaken mechanically for 0.5 hour with 150 
cc. of acid (79 to 100.5 per cent) and allowed to stand for 20 
hours. The residual oil was separated from the acid layer 
and weighed. The fact that this procedure differs slightly  
from that used in the present work is unimportant, since such 
differences should have little or no effect on the volum e- 
physical constants relationship.

Comparison of the curves (Figures 4 and 5) showing the 
relationships, between the volumes and physical constants 
indicates that these petroleum oils are different from oils 
derived from coal. Consideration of the volumes correspond
ing to the maximum and minimum physical constants (es
pecially the refractivity intercept which reaches a minimum  
when aromatics are completely removed) warrants the con
clusion that the olefin and aromatic contents are 1.5 and 6.5  
per cent and 5 and 14 per cent, respectively, for gasolines 1 
and 2 .
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F ig u r e  3 . V o l u m e , S p e c if i c  R e f r a c t io n , a n d  R e 
f r a c t iv it y  I n t e r c e p t  o f  R e s id u a l  O i l  (S y n t h e t ic  

S o l u t io n s )

The stage corresponding to complete olefin removal for 
gasoline 2 is not sharply defined by the volume-refractivitv 
intercept curve (Figure 5). Hence the olefin content of gaso
line 2 probably is shown better by the volume-density and 
volume-refractive index curves (Figure 4), which have sharp 
peaks in the region of maximum olefin removal. Conversely, 
the olefin content of the hydrogenated-coal distillate is best 
indicated by the volum e-refractivity intercept and volume- 
specific refraction curves (Figure 2).

To obtain the data for gasoline 2 (Figures 4 and 5) Ormandy 
and Craven (11) used sulfuric acid of the following concentra-
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F ig u r e  4 . V o l u m e  a n d  P h y s ic a l  C o n s t a n t s  o p  R e s id u a l  
O i l  f r o m  S u l f o n a t io n  o f  T w o  G a s o l in e s  (O r m a x d y  a n d  

C r a v e n )

tions (per cent by weight): 7 9 .1 , 8 4 .2 ,  8 9 .5 , 9 1 .9 ,  9 4 .5 , 9 6 .2 ,  
9 7 .7 ,9 9 .7 ,  and 1 0 0 .5 . In a similar experiment the same gasoline 
was washed twice (instead of once as in previous cases) with 
each of the following sulfuric acid solutions (per cent by 
weight): 8 0 .2 , 8 4 .9 , 9 0 .1 ,  9 1 .9 ,  9 3 .7 ,  9 5 .8 ,  9 7 .8 ,  9 9 .6 , and 
1 0 0 .2 . Volume-physical constant curves drawn from the 
data thus obtained were found to be almost identical with the 
corresponding curves for gasoline 2  in Figures 4  and 5 . This 
indicates that slight differences in procedure and acid con
centration are unimportant.

The data obtained by extracting olefins and aromatics 
progressively in the manner described above may be used to 
calculate the physical constants of the constituents thus re
moved. The calculations are made on the experimentally 
supported (8) assumption that the physical constants are 
additive on a percentage basis.

T a r l e  IV .  P h y s ic a l  C o n s t a n t s  o f  O l e f i n s  a n d  A r o m a t ic s  
R e m o v e d  w i t h  S u l f u r ic  A c id

Physical Constanta of Oil
-• Sulfuric Acid——> Removed (Calculated)

Refrac- Refrac
tive tivity  

Sp. gr. index intercept

Treatment
Oil Constituent Oil Residual Oil re

Treated Removed used oil moved
% % %

Hydro Olefins 100 95 .5 4 .5
genated Olefins 95 .5 94 .5 1.0
coal Aromatics 67 .0 19.0 48.0

Gasoline 1 Olefins 100 99 .0 1.0
Aromatics 98.1 92 .2 5 .9
Aromatics 96 .6 92 .2 4 .4

Gasoline 2 Olefin» 100 96.9 3 .1
Aromatics 94.5 84.6 9 .9
Aromatics 91 .8 84 .6 7 .2

1.005
1.127
0.9778
0.500
0.8644
0.8472
0.461
0.8684
0.8677

1.523
1.676
1.5495
0.4362
1.6395
1.4896
1.27
1.4944
1.4917

1.0 21
1.113
1.0606
0.186
1.2073
1.0660
1.04
1.0602
1.0579

for calculations as the large changes observed during the re
moval of aromatics.

From Table IV  it appears that the constants for the aro
matics may be calculated with reasonable accuracy, espe
cially if the data used are those obtained when only aromatics 
are being removed (presumably after the extraction of the 
first 10 to 1 5  per cent and before the extraction of the last 
traces of aromatics). This is illustrated by the two series of 
constants in Table IV  calculated for the aromatics in gaso
line 1. The first series of constants, calculated for a w eight- 
per cent change of 5 .9 , is inaccurate, while the constants 
calculated for a weight-per cent change of 4 .4  agree with 
those to be expected.

It is interesting to note that, although the constants of the 
aromatics from the hydrogenated-coal distillate are consider
ably higher than those of the lower-boiling petroleum oils, 
the refractivity intercepts are about the same (approxi
mately 1 .0 6 0 ) .  Kurtz and Ward (7) have given 1 .0 6 2 7  as 
the refractivity intercept of aromatic hydrocarbons. The aro
matics in the hydrogenated-coal distillate boil up to 3 5 0 °  C . 
and undoubtedly are the highly condensed type usually 
found in oils derived from coal. Hence its physical constants 
should be higher than those observed in the case of aromatics 
of lower molecular weight found in light oils from petroleum. 
The data in Table IV  are in agreement with this expectation.

A nalyses w ith  O ther S u lfu r ic  Acid M ethods
The two synthetic mixtures described in Table II were 

analyzed by several sulfuric acid methods of the conventional 
type to compare these methods with each other and with the 
graphic method considered above.

T a b l e  V . A n a l y s e s  o f  S y n t h e t ic  S o l u t io n s

(Volume per cent) 
-Solution 1- - Solution 2 -

Olefins Aromatics Paraffina Olefins Aromatics Paraffins
15% 70% 15% 25% 65% 10%
23.4 66 .6 10 36 .8 56.2 7 .0
24.3 65.2 10.5 36 .0 56 .5 7 .5
30 55 15 30 59 .5 10.5
29 57 14 31 59 10
16 69.3 14.7 18 68 .8 13.2
17 68.6 14.4 18 70.4 11.6

The calculated constants for the olefins and aromatics re
moved with sulfuric acid from a neutral hydrogenated-coal 
distillate (graphic analysis in Figure 2) and two petroleum 
light oils (Figures 4 and 5) are given in Table IV. Some of 
the constants calculated for the olefins obviously are incor
rect. This is due partly to the fact that the changes in vol
umes and constants were small and hence not as satisfactory

Method 
of Analysis

Morrell and Levine 

Towne

Kester and Pohle

All the methods thus studied include distillation to remove 
olefin polymers but are unlike in several minor points. N o  
one method was found to be completely satisfactory for both 
synthetic solutions. The Kester and Pohle method (6) was 
accurate only for solution 1, which contained reactive olefins. 
The other methods gave high values for olefins and low values 
for aromatics.

The high olefin values obtained by the Morrell and Levine 
method (olefins determined with 9 1  per cent acid and distilla
tion) indicate that the distillation residue was too great for 
substitution in their empirical formulas {10). The large dis
tillation residue probably was due to the formation of high- 
boiling alkylated aromatics. Petroleum distillates contain
ing small amounts of aromatics might yield only negligible 
amounts of such condensation products when treated with 91  
per cent acid, but the formation of considerable amounts of 
alkylated aromatics is to be expected in aromatic-rich syn
thetic solutions and coal-tar oils.

Towne (12) extracted olefins with 9 3  per cent acid which 
had been cooled previously to 1 .6 7 °  C .  ( 3 5 °  F .). Another 
sample of oil was then treated with 9 8  per cent acid and dis
tilled to the original end point. From the data obtained the 
olefin and aromatic contents were calculated. The data in 
Table V  indicate that aromatics were removed along with the  
olefins in the treatment with 9 3  per cent sulfuric acid. This 
is not astonishing in view of the high aromatic contents of the 
synthetic solutions and the tendency of 9 3  per cent acid to  
sulfonate aromatic hydrocarbons (2).
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F ig u r e  5 . V o l u m e  a n d  R e f r a c t iv it y  
I n t e r c e p t  o f  R e s id u a l  O il  f r o m  S u l 
f o n a t io n  o f  Two G a s o l in e s  (O r m a n d y  

a n d  C r a v e n )

r  The results obtained with the Kester and Pohle method (6 ) 
indicate that their olefin reagent (80 per cent sulfuric acid) is 
satisfactory for neutral oils of the type obtained from coal if 
only small quantities of unreactive olefins are present. 
W ith solutions containing appreciable amounts of unreactive 
olefins, it is probable that low olefin and high aromatic values 
would result. Since there is no evidence for the presence of 
large quantities of unreactive olefins in coal-tar oils (known to 
have high aromatic contents), the Kester and Pohle analysis 
is to be preferred to the other methods of this type that em
ploy concentrations of sulfuric acid much over 80 per cent as 
olefin reagents.

The hydrogenated-coal distillate characterized by the 
graphic method (Figure 2) was analyzed also by the Kester 
and Pohle procedure (6‘). Since there is some question as to 
the optimum concentration of acid for determining olefins by 
this type of method, several determinations, differing only 
in the concentration of olefin reagent, were made. The 
procedure used was as follows:

Fifty cubic centimeters of oil were shaken for 5 minutes with 
three volumes of the olefin reagent (80, 82, 84.5, or 87 per cent 
sulfuric acid). The oil not dissolved by this treatment was dis
tilled to a temperature 5° above the original end point through a 
Vigreux column, all volume measurements being made in a cylin
der graduated to 50 cc. in 0.5-cc. subdivisions. The olefin-free 
oil thus obtained was shaken for 5 minutes with three volumes 
(60 cc.) of 98 per cent sulfuric acid to extract the aromatics. In 
three of the olefin analyses (3, 4, and 5, Table VI) the oil was 
washed twice with two different sulfuric acid solutions before be
ing distilled.

The data (Table VI) show that similar olefin values were 
obtained with all the olefin reagents except 87 per cent acid. 
Since 87 per cent acid may sulfonate appreciable quantities 
of aromatics (8), the olefin values obtained with this reagent 
probably are high. The other analytical data in Table VI 
agree very well with the analysis carried out by the graphic 
method (Figure 2).

S u m m a ry  and C on clu sion s

A graphic method of characterizing hydrocarbon oils, 
based on changes in volume and physical constants caused by

the progressive removal of olefins and aromatics, has been 
developed. The density and refractive index rise to maxi
mum values at the point of complete olefin and incipient aro
matic removal. Beyond this point the values fall as the aro
matics are removed, becoming approximately constant when 
the residual oil consists only of saturated hydrocarbons. The 
olefin content is indicated by the volume change to the point 
of maximum values for physical constants, the aromatic con
tent by the volume change from maximum physical constants 
to the point of complete extraction of aromatics (constants 
little changed by further treatment with sulfuric acid). The 
olefin and aromatic contents of three oils were determined 
accurately by this method. Whether or not the points of 
maximum and minimum physical constants always indicate 
the olefin and aromatic contents precisely, this method af
fords a good characterization of neutral oils and should be 
useful for comparative purposes.

The data obtained during the progressive removal of olefins 
and aromatics, as described above, m ay be used to calculate 
the physical constants of some of the constituents ¡removed 
by sulfuric acid treatment. In the present work such calcula
tions demonstrated that the aromatics from a high-boiling 
hydrogenated-coal distillate had higher physical constants 
than the aromatics from two petroleum gasoline fractions.

T a b l e  VI. A n a l y s e s  o f  N e u t r a l  O i l  f r o m  a  H y d r o g e n a t e d - 
C o a l  D i s t il l a t e

No.
Concn. of H1SO4 in 
Olefin Determination

---------- Per Cent by Volume--------- »
Olefins Aromatics Paraffins

1 80 5 .5 74 .8 19.7
2 82 6 77 17
3 80 then 82 6 75 19
4 80 then 84.5 7 75 18
5 80 then 87 9 74.2 16.8
6 84.5 7 76 .4 16.6
7 87 8 75 .9 16.1

Using two synthetic solutions which had been analyzed ac
curately by the graphic method, several previously described 
sulfuric acid methods for determining olefins and aromatics 
were compared. Although no one method was completely 
satisfactory, the Kester and Pohle procedure (olefins deter
mined with 80 per cent sulfuric acid) gave the most accurate 
results.
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Arsenate Method for the Determination o f  
Zirconium

WALTER C. SCHUMB AND EDWARD J. NOLAN , 1 M assachusetts In stitu te  o f  T echnology, Cam bridge, M ass.

TH E  well-known phosphate method for the determination 
of zirconium has been extensively employed under a wide 

variety of experimental conditions (4, 7, 16), but if high ac
curacy is desired and proper provision is made for the elimina
tion of all interfering elements, the method is rather lengthy. 
A similar statem ent applies to the cupferron method (2, 8 ,1 1 , 
14). The use of selenious acid as the precipitant, first tested 
by Smith and James (18) and later investigated in detail by 
Simpson and Schumb (12), shortens the process somewhat 
w ithout loss of accuracy, particularly when a combination of 
the selenite and phosphate methods is used (12). Various 
aliphatic and aromatic arsonic acids have been proposed as re
agents for the determination of zirconium (1 ,5 ,6 ,1 0 )  and the 
interference of such elements as titanium and thorium is said to 
be obviated thereby, although several other elements still 
interfere.

In view of the promising results obtained with the organic 
arsonic acids, it seemed desirable to ascertain whether or not 
the more readily accessible inorganic arsenates offered pos
sibilities as reagents for the determination of zirconium. Pay- 
kull (9) observed in 1873 that zirconium was completely pre
cipitated from hydrochloric acid solution by disodium arse
nate, and ascertained that the composition of the precipitate 
corresponded to that of the normal arsenate, Zr3(As04)(-5H20 . 
Moser and Lessnig (8) fifty years later applied this method of 
precipitation to the determination of zirconium in the pres
ence of titanium, eerie cerium, and thorium. In this method, 
in order to convert the zirconium into the dioxide— a form 
suitable for weighing— the arsenic wras eliminated from the 
arsenate precipitate by volatilization as the trichloride, hydra
zine sulfate being employed as a reducing agent. Zirconium 
was precipitated from the residual solution by ammonium 
hydroxide, and finally weighed as Zr02.

P l a n  o f  I n v e s t i g a t i o n .  In the present work c. i \  am
monium arsenate was chosen as the precipitating agent rather 
than the sodium salt because of the greater ease of elimination 
of adsorbed reagent from the precipitated zirconium arsenate. 
The objectives of the investigation were: to determine the 
m ost favorable conditions for the quantitative precipitation of 
zirconium by ammonium arsenate; to determine what ele
ments are adsorbed by or co-precipitated with zirconium under 
these most favorable conditions; to devise methods of eliminat
ing interference by such adsorbed or co-precipitated ele
ments; to devise a suitable method of analysis for zirconium 
in complex materials using ammonium arsenate; and to apply 
the proposed method of analysis to a variety of natural or 
industrial materials containing zirconium.

E xperim enta l Work
M a t e r i a l s  U s e d .  The zirconyl chloride employed was the 

purest obtainable grade of ZrOCl-'SH^O and was found to be free 
from significant quantities of other elements (with the exception 
of the customary hafnium content). A solution of this substance 
was made up of such concentration that each 25 cc. furnished 
0.1200 gram of Zr02. The solution was standardized both by the 
cupferron and selenious acid methods, which gave perfect agree
ment.

Solutions containing 1 gram and 10 grams, respectively, of 
c. p. ammonium arsenate per 100 ml. of solution were employed 
as précipitants.

1 Present address, Merck and Co., Rahway, N . J.

M e t h o d  o f  P r e c i p i t a t i o n .  The zirconium contained in a 
25-ml. portion of the zirconyl chloride solution, diluted to 360 
ml., and 2.75 N  in hydrochloric acid or 3.75 iV in nitric acid, was 
quantitatively precipitated by dropwise addition of 50 ml. of the 
1 per cent ammonium arsenate reagent at room temperature with 
stirring. The solution was then brought to boiling and 15 ml. of 
the 10 per cent reagent were added from a graduate, the boiling 
being continued for 20 minutes. The flocculent, highly hydrated 
precipitate corresponds to the normal arsenate containing ad
sorbed ammonium arsenate, and the above provisions were 
adopted after a series of experiments had shown that the extent of 
adsorption was reduced thereby to a minimum. After boiling for 
20 minutes the solution may be filtered at once and may be ignited 
directly to ZrOj, maintaining forced reducing conditions, as de
scribed below, to bring about complete volatilization of the ar
senic.

M e t h o d  o f  I o n i t i o n  a n d  E l im in a t io n  o f  A r s e n ic .  Of the 
various methods of removal of arsenic from the precipitated zir
conium arsenate, direct ignition under oxidizing conditions was 
found to lead inevitably to slightly high results even when the 
full heat of an electric muffle furnace was applied for 6 hours, 
owing to the tendency shown by arsenic pentoxide to assume a 
vitreous, difficultly volatile form when strongly heated. Ignition 
in hydrogen led to more satisfactory results, but a simpler and 
adequate expedient proved to be the volatilization of the arsenic 
after reduction by means of the carbon resulting from the ashing 
of filter paper. A  double paper was used during filtration of the 
precipitate to ensure the presence of sufficient carbon during igni
tion. Precipitate and paper were dried at 105° C. With the 
crucible supported in an upright position, the paper was ashed by 
the full flame of a Bunsen burner. To facilitate the removal of 
the last bits of carbon, the crucible was tilted. It was then re
turned to an upright position, covered with a porcelain cover, with 
the exception of a small slit, and the ignition was continued for 1 
hour with the full heat of the M ek er  burner.

Strict adherence to this method was found to be essential 
for accuracy in the results.

Effect o f  Acids and Q u a n tity  o f  R eagen t u p on  
P recip ita tion

The effect of hydrochloric, nitric, and sulfuric acids in 
varying concentration upon the completeness of precipitation 
of zirconium arsenate was investigated systematically.

In the case of hydrochloric acid the maximum concentra
tion of acid at which precipitation of zirconium was complete 
was found to be 2.5 N , with nitric acid 3.75 N , while with sul
furic acid, precipitation is slightly incomplete even in less than
0.5 N  acid solution. The precipitate from hydrochloric acid 
solutions is bulky and easily filtered if a sufficient excess of 
reagent is used, but finely divided if a smaller amount is em
ployed. From 3.75 N  nitric acid the precipitate is flocculent 
and easily filtered if handled at once, but tends to assume a  
colloidal nature on standing.

For the complete precipitation of the zirconium contained 
in 25 ml. of the zirconyl chloride solution 20 ml. of the 10 per 
cent arsenate reagent, or its equivalent, were found to be ade
quate. It was determined by trial that the period of boiling 
of the solution containing the precipitate should not be less 
than 20 minutes. Standing of the precipitate following the 
boiling was shown to have no effect upon the results.

O ther M eta ls P recip ita ted  by A m m o n iu m  
A rsenate

Results of a series of tests with solutions of over fifty cations 
and anions proved that while in nearly neutral solution many 
elements are precipitated by ammonium arsenate, from 2.5 N

371
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T a b l e  I. R e s u l t s  o f  A r s e n a t e  M e t h o d  A p p l ie d  t o  Z ir c o n iu m  S o l u t i o n s
Fe** + Co»* N i* *  Cr + + + Al *** M a**  Zn** MoO»--  W O t~  Cu + * Sn ***+  V O *** N d* + * U O i** Ce**** T i* * * *  T h * * * *  ZrOi

50 50 50 50
M illigrams o f Element 

50 .................................. 50

Present
Gram

0.1149

Found
Gram

0.1152

Error
Gram

+ 0 .0 0 0 3
50 50 50 50 50 0.1052 0.1048 -0 .0 0 0 4
50 50 50 50 50 0.1052 0.1049 -0 .0 0 0 3
50 50 50 50 50 50 50 50 50 50 0.1052 0.1050 -0 .0 0 0 2
50 50 50 50 50 50 50 50 50 50 0.1052 0.1051 -0 .0 0 0 1
50 50 50 50 50 50 50 50 50 50 50 50 50 50 0.1052 0.1054 + 0 .0 0 0 2
50 50 50 50 50 50 50 50 50 50 50 50 50 50 0.1052 0.1054 + 0 .0 0 0 2
20

20
20 20 20 20 0.1056 0.1059 +  0.0003

20 20 20 !! 20 20 0.1056 0.1058 +  0.0002
20 20 20 20 20 ■ 20 20 20 20 0.1056 0.1055 -0 .0 0 0 1
50

50
50 40 50 0.1056 0.1057 +  0.0001

50 40 50 0.1056 0.1053 -0 .0 0 0 3
50 50 50 40 50 0.1056 0.1058 +  0.0002

io 20 20 20 20 ! ! 55 20 0.1094 0.1090 -0 .0 0 0 4
10 20 20 20 20 20 55 20 20 20 0.1094 0.1094 ±0 .0000
10 20 20 20 20 20 55 20 20 20 0.1094 0.1093 -0 .0 0 0 1

hydrochloric or 3.75 N  nitric acid solutions very few are 
brought down; zirconium and hafnium are precipitated prac
tically at once, while titanium, tantalum, and columbium  
come out only on long standing. Thus zirconium and haf
nium apparently have the least soluble arsenates of all the 
elements. In the presence of zirconium, however, eerie ce
rium, thorium, and tungsten are partially brought down by  
co-precipitation. Thus the interfering elements are haf
nium, thorium, titanium, eerie cerium, tungsten, tantalum, 
and columbium. Hafnium accompanies zirconium, in gen
eral, to the extent of about 1 per cent and no attem pt is made 
to separate it from zirconium in any of the usual procedures. 
The effect of eerie cerium, titanium, and thorium m ay be 
eliminated by double precipitation from either hydrochloric or 
nitric acid solution, but the interference of tungsten persists 
to a serious degree. If both titanium and thorium are pres
ent, titanium then interferes, and is best provided for by a 
colorimetric determination on the ignited zirconium dioxide 
residue. The use of hydrogen peroxide to prevent precipita
tion is not recommended, especially in nitric acid solutions, as 
«veil small amounts of hydrogen peroxide then cause incom
plete precipitation of zirconium, due to formation of a soluble 
perzirconate.

The m ost serious difficulty is caused by the presence of 
tungsten. A  complex, soluble in hydrochloric acid, is formed 
by zirconium in the presence of a tungstate, and none of the 
ordinary précipitants of tungsten is then effective. Evapora
tion to dryness of the acid solution fails to separate the tung- 
stic acid unless sulfuric acid is present, in which case repeated 
evaporation with concentrated hydrochloric acid, followed by  
one evaporation w ith a mixture of hydrochloric and nitric 
acid and baking to 105° C., succeeded in eliminating about 95 
per cent of the tungsten as yellow tungstic acid, but the re
maining tungsten caused interference. The best provision for 
tungsten was found to be a preliminary fusion with sodium  
•carbonate.

Proposed P rocedure for D eterm in in g  Z ircon ium
Rring the sample, containing not more than 0.1 gram of zirco

nium, into solution as the chloride, and adjust the solution to a vol
ume of 360 ml., 2.75 N  in hydrochloric acid. Add 50 ml. of 1 per 
cent ammonium arsenate reagent slowly with stirring at room tem
perature. Bring the solution to boiling, add 15 ml. of 10 per cent 
ammonium arsenate reagent from a graduate, and boil for 20 min
utes. After the precipitate has settled, filter at once, rinse the 
beaker several times with 1 N  hydrochloric acid, and wash the 
precipitate with hot water. Pierce the tip of the paper, thor
oughly flush the precipitate back into the same beaker with hot 
water, and evaporate on the water bath until a paste results (but 
do not take to dryness). Over the paper and upon this paste pour 
82 ml. of hydrocliloric acid (sp. gr. 1.19) and follow with 100 ml. 
of water, collected separately in a small beaker. Cover and boil 
gently for exactly 5 minutes to dissolve the precipitate, add the 
reserved wash water and dilute the solution to 360 ml. Let 
stand until cool and reprecipitate as described, except that 10 
.and not 15 ml. of reagent should be added after bringing the

solution to boiling. Filter this time through a double paper. 
Wash the precipitate first with 1 N  hydrocliloric acid, then hot 
water. Transfer the paper and precipitate to a tared porcelain 
crucible, dry at 110° C., ash and ignite in the special manner de
scribed above, cool in a desiccator, and weigh as Zr02.

If titanium and thorium were present together in the original 
material, titanium may contaminate the ZrO2 residue. In this 
case fuse the residue in platinum with a little potassium pyrosul- 
fate, leach with hot water, and bring to a volume of 100 or 200 
ml. Add 3 ml. of 3 per cent hydrogen peroxide and match the 
yellow color of a sample of the solution in a test tube with the 
color of a standard. (The standards consisted of solutions of 
titanium sulfate ranging in concentration from 1 to 0.1 mg. of 
T i02 per 100 ml. and colored by the presence of 3 ml. of 3 per cent 
hydrogen peroxide. They were preserved in tightly stoppered 
test tubes.) The titanium content of the ZrOj residue may thus 
be determined easily to within 0.1 mg. of TiOs and a correction 
applied.

If tungsten was present in the original material, the first pre
cipitation is carried out with strong, fresh ammonium hydroxide 
instead of ammonium arsenate. Boil gently for 10 to 15 minutes, 
wash down any precipitate above the solution, and keep hot on 
the water bath for an hour. Filter and wash with hot water. 
Discard the filtrate. Dry the precipitate and paper in a plati
num crucible, fuse with 10 grams of sodium carbonate, and leach 
the cooled melt in hot water. Filter with the aid of paper pulp, 
wash sparingly with hot water, transfer the precipitate and paper 
back to the crucible, dry, and ash. Add potassium pyrosulfate 
until the crucible is one-third full, cover, and heat with a gradually 
increasing flame until a quiet, clear melt is obtained at red heat. 
Leach the cooled melt in hot water, filter off any insoluble mate
rial, dilute the filtrate to 400 ml., and precipitate again with am
monium hydroxide. (If silica may be present, add 20 ml. of 18 iV 
sulfuric acid and evaporate to fumes, dilute, and filter off any 
silica before making ammoniacal.) Filter and wash the precipi
tate; then flush it back into the same beaker with hot water. 
Wash down the paper with 82 ml. of hydrochloric acid (sp. gr. 
1.19), following with 100 ml. of water. Bring the solution to a 
volume of 360 ml. and proceed with a double precipitation by am
monium arsenate as already described.

The effectiveness of the arsenate method for the determina
tion of zirconium in the presence of various other ions may be 
clearly seen in Table I, in which the quantities of elements 
present in solutions containing zirconyl ion are expressed in

T a b l e  II. A n a l y s i s  o f  Z ir c o n iu m  O r e s

Sample No.
(W eights in grams)

I a 2 3 4 5
ZrOa 0.1003 0.1024 0.1055 0.1084 0.1010
Slate 0 .30 0 .30 0 .20 0 .20 0 .15
Phosphate rock 0 .10 0 .10 0 .10 0.050 0.050
Cb2Oi 0.0500 0.0250
ThOj 0!Ó5Ó0 OÍÓ5ÓO 0.0500
TiOj 0.0500 0.0500 0.0500 0.0500
CeOj 0.0500 0.0500
FeiOi 0ÍÓ5Ó0 0ÍÓ5Ó0
Total weight of sample 0.6503 0.6024 0.5055 0.4584 0.4760
ZrOi found 0.0993 0.1040 0.1050 0.1076 0.1020
TiOj found 0.0001 0.0010 0.0005
ZrOi corrected 0.0992 0.1030 0ÜÓ50 0ÜÓ76 0.1015
Zr present, % 
Zr found, %

11.42 12.58 15.45 17.51 15.71
11.29 12.66 15.38 17.38 15.79

a Fused twice with KîCOj.
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milligrams of the element concerned. The last three columns 
indicate that the method compares well in accuracy (as it does 
in rapidity) with any of the other methods in customary use. 
The average error is =*=0.0002 gram.

A n alysis for Z ircon iu m  in  Ores

The proposed method of analysis was applied to the deter
m ination of zirconium in mixtures of the dioxide with oxides 
of various other metals, together with slate and phosphate 
rock, so as to simulate the conditions in a complex ore. (Pre
liminary experiments upon steels of various compositions have 
indicated that the arsenate method is also applicable to the 
determination of zirconium in these materials, and that the 
customary preliminary extraction of iron with ether may be 
omitted without affecting the accuracy of the method.)

Of the various fusion processes which have been employed * 
in the preliminary treatment of natural zirconium materials, 
the sodium carbonate fusion followed by potassium pyro- 
sulfate was selected in this work. Tungsten and phosphorus 
are eliminated thereby; if potassium carbonate is used, tan
talum and columbium as well. A second fusion may be re
quired if large percentages of these elements are found present. 
Details of the fusion process are given in the recommended 
procedure.

Table II shows the results of typical analyses carried out 
on mixtures according to this method.

S u m m ary

Zirconium forms a difficultly soluble precipitate with am
monium arsenate. The precipitate is bulky, flocculent, and 
easily filtered if an excess of arsenate is used; its composition 
corresponds to that of the normal arsenate, Zr3(A s04).i, highly 
hydrated and containing some adsorbed ammonium arsenate. 
The precipitate may be ignited directly to Zr02 by the use of 
forced reducing conditions in ashing and igniting; without 
this precaution arsenic is retained to a variable extent.

Precipitation is best made from boiling hydrochloric acid 
solution not exceeding 2.5 N , or from nitric acid not exceeding 
3.75 N . Sulfuric acid even in small concentrations prevents 
complete precipitation. The precipitate is soluble in hot or 
cold concentrated hydrochloric or nitric acids, or in 6 N  sul
furic acid. If dehydrated it becomes very slightly soluble 
even in hot, concentrated sulfuric acid. A second precipita
tion is best carried out in hydrochloric acid not more concen
trated than 2.2 N  (or 3.0 N  nitric acid). Hydrogen peroxide 
in the presence of nitric acid leads to incomplete precipitation 
of zirconium, probably because of perzirconate formation. 
In hydrochloric acid solution this difficulty is not met.

Of elements other than zirconium (or hafnium), in 2.5 N  
hydrochloric acid (or 3.75 N  nitric acid) only titanium, tan
talum, and columbium precipitate, and titanium may be held 
in solution by hydrogen peroxide. In the presence of zirco
nium (hafnium) only eerie cerium, titanium, thorium, tung
sten, tantalum, and columbium are co-precipitated by ammo
nium arsenate under the most favorable conditions in hydro
chloric acid. In nitric acid slight adsorption effects are noted 
with many elements.

The interference of eerie cerium is eliminated by double pre
cipitation; that of thorium is also entirely eliminated if the 
precipitations are carried out in the cold, with dropwise addi
tion of 1 per cent arsenate reagent, followed by boiling to com 
plete precipitation of zirconium. Titanium is best corrected 
for by a colorimetric estimation on the ignited ZrO» residue.

M ost of the reagents which normally give precipitates with 
alkali tungstates fail to do so when a moderate amount of 
zirconium is present, because of complex formation between 
the zirconium and tungstate. Although as much as 95 per

cent of the tungsten may be precipitated by evaporation with  
sulfuric acid and baking, tungsten is best eliminated by a pre
liminary sodium carbonate fusion. If potassium carbonate 
instead of sodium carbonate is used, tantalum and columbium  
are also eliminated in this way.

For the decomposition of zirconium ores in general, sodium  
carbonate fusion, followed by potassium pyrosulfate fusion 
is recommended. A proposed method of analysis for zir
conium in solutions and ores is given, which is applicable with  
slight modification to steels.
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Separation o f Gold from  

Tellurium and Selenium
J. SEATH a n d  F. E. BEAMISH  

U niversity o f  Toronto, T oronto, O ntario, Canada

THE use of hydroquinone and related aminophenols as 
précipitants of gold in the presence of base metals has 
been discussed by Beamish, Russell, and Seath (1). I t was 

decided to determine whether hydroquinone could be used 
for the separation of gold from tellurium and from selenium, 
and whether the use of hydroquinone would interfere with 
the subsequent precipitation of selenium and tellurium. 
During the progress of the investigation it became evident 
that the sulfur dioxide method of selenium determination 
was unnecessarily slow and that there were certain errors 
incident to the sulfur dioxide tellurium analysis which could 
easily be avoided. The results recorded in this report were all 
obtained by means of a microbalance and the essential tech
nic is that described by Beamish, Russell, and Seath (1).

S o lu tio n s Used
A gold solution was made by dissolving 1.0012 grams of 

spectrographically pure gold in aaua regia, subsequently taking 
it down with hydrochloric acid in the presence of sodium chloride, 
and finally diluting it to 1 liter; 25.00-cc. samples of this solution 
on analysis by means of hydroquinone yielded 25.01 mg. of gold.

The tellurium solution was prepared by dissolving 1.0123 
grams of tellurium metal in aqua regia, evaporating to dryness 
making three careful evaporations in the presence of hydro
chloric acid, and diluting to 1 liter.

The selenium solution was made by dissolving about 1 gram 
of selenium in aqua regia, evaporating in the presence of hy
drochloric acid, and diluting to 1 liter.
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T a b l e  I. G o l d  a n d  T e l l u r i u m  D e t e r m i n a t i o n s
Added Extracted

Gold Tellurium Gold Tellurium
M g. Mg. Mg. Mg.

25.01 25.31 24.99 25.32
25.01 25.31 25.02 25.33
25.01 25.31 24.99 25.29
25.01 25.31 25.01 25.24
25.01 25.31 24.99 25.29
25.01 25.31 24.99 25.24

T a b l e  II. D e t e r m i n a t i o n  o p  G o ld  in  P r e s e n c e  o f  S e le n iu m  
Added Extracted

Selenium Gold Selenium Gold
Mg. Mg. Mg. Mg.

16.96 25.01 16.05 24.98
16.96 25.01 16.47 24.99
16.96 25.01 24.99

D eterm in a tio n  o f  T e llu r iu m
Exactly 25.00 cc. of tellurium solution were acidified to 4 N  

hydrochloric acid strength and the tellurium was precipitated 
by aqueous sulfur dioxide solution and hydrazine hydrochloride 
according to the procedure outlined by Hillebrand and Lundell 
(2). The mixture was filtered through a porcelain-bottomed 
filtering crucible, A2 grade, washed with water until free of 
chloride and then with alcohol, and dried for 45 minutes at 105° C. 
The calculated weight of tellurium in a 25.00-cc. sample was 
25.31 mg. The weights obtained in two analyses were 25.49 
and 25.59 mg.

The above procedure was followed, except that the precipi
tated tellurium was dried over P2Os in a vacuum at room tem
perature for 2 days; sample 1 weighed 25.47 mg. and sample 2 
weighed 25.71 mg. Sample 1 was then dried in an air oven at 
105° for 0.5 hour and weighed 25.45 mg. Sample 2 was dried 
at 105° for 6 horn's and weighed 25.71 mg.

When this procedure was followed, except that the tellurium 
precipitates were dried in an oven at 105° for 0.75 hour in an at
mosphere of carbon dioxide delivered by a Rose inlet tube, fitted 
into the air oven, and in series with a flowmeter, the results ob
tained were 25.30 and 25.26 mg., respectively. A third 25.00- 
cc. portion of tellurium, treated in exactly the same manner, was 
found to weigh 25.32 mg. This was dried immediately after
wards in an air oven at 140° C. for 2 hours and its weight w'as then 
found to be 25.67 mg.

When 25.00-cc. portions of tellurium solution were treated 
with sulfur dioxide, and dried in a carbon dioxide atmosphere 
as described, but alcohol was not employed as a final washing, 
the results were 25.37 and 25.32 mg.

It has generally been accepted that the standard sulfur 
dioxide-tellurium procedure yields results which are slightly 
high and the above experiments confirm this. It appears 
that drying with carbon dioxide is productive of accurate 
results and avoids the use of alcohol which in isolated labora
tories is sometimes difficult to obtain.

S ep aration  o f  G old and  T e llu r iu m
Two 50-ml. samples were prepared, each containing 84.60 

mg. of gold and 30 mg. of tellurium. The gold was precipitated 
from the usual 1.2 N  hydrochloric acid solution by 30 mg. of hy- 
droquinone. The weights of gold obtained were 84.56 and 84.54 
mg.

Samples of 25.00 cc. of tellurium solution were mixed with 
25.00 cc. of the gold solution and the acidity was adjusted to
1.2 AT with hydrochloric acid. The solution was brought to in
cipient boiling and 5 cc. of 0.5 per cent hydroquinone solution 
were added very slowly at first. Boiling was continued for 5 
minutes to ensure coagulation and then the gold was filtered 
out by means of a 3-cc., A2 grade, porous-bottomed filtering 
crucible and washed with about 75 cc. of water. The filtrate 
w'as adjusted to 4 N  with hydrochloric acid and the tellurium 
was precipitated by means of sulfur dioxide and hydrazine hy
drochloride. In each case the precipitate was dried in a carbon 
dioxide atmosphere. The results obtained are given in Table I.

D eterm in a tio n  o f  S e len iu m
A 25-cc. portion of the selenium solution was adjusted to 9 N  

with hydrochloric acid and the selenium was precipitated by 
means of hydrochloric acid saturated with sulfur dioxide, ac

cording to the procedure outlined by Hillebrand and Lundell
(2). The metal was dried in an air oven for 3 hours at 30° to 
40° C. and then for 2 hours at 140° C. The weight of precipitate 
W'as 16.90 mg. The procedure was repeated, except that the 
precipitate was not washed with alcohol and ether but trans
ferred, after hydrochloric acid and water w'ashing, to the air 
oven and dried in the carbon dioxide atmosphere for 45 minutes. 
The results were 16.93 and 16.95 mg. By this method the re
sults obtained were as accurate as those from the standard pro
cedure and the time of analysis was greatly shortened.

D eterm in a tio n  o f  G old in  P resen ce  o f  S e len iu m
A 25.00-cc. portion of the gold solution was mixed with 25.00 

cc. of the selenium solution and the gold precipitated as in the 
case of gold and tellurium. The filtrate was adjusted to an 
acidity of 9 N  with hydrochloric acid and then treated as de
scribed above for selenium. The results obtained are recorded 
in Table II.

Two 25-cc. portions of selenium solution were adjusted to
1.2 N  acidity by hydrochloric acid and treated with hydroquinone 
exactly as described for gold. The slight red precipitate was 
dried in carbon dioxide as outlined for selenium.

The results obtained were 0.66 and 0.48 mg. for samples 1 and 
2, respectively. The selenium in the filtrates of these samples 
was precipitated with sulfur dioxide from 9 N  solutions and the 
weights were: sample 1, 16.27 mg.; sample 2, 16.42 mg.; total 
weight of selenium, 16.93 and 16.90 mg., respectively.

While the use of hydroquinone does not interfere in the 
reduction to selenium by means of sulfur dioxide, it cannot 
be used when selenium and gold are to be determined from a 
single sample. The small amount of selenium carried with  
the gold apparently burns off when the gold is annealed.

D eterm in a tio n  o f  G old , T e llu r iu m , and  Silver
The following is a resume of the procedure used by the  

authors to determine silver, tellurium, and gold present 
together in the precipitate obtained by treatment of mill 
cyanide solutions w ith zinc. The filtrates from the silver, 
gold, and tellurium precipitations can be used for the com
plete determination of the associated base elements.

The dried gray precipitate is treated with nitric acid and is 
evaporated to complete dryness several times with hydrochloric 
acid to aid in coagulation of the silica which has a tendency to 
pass through the filter paper. The dried residue is again treated 
with aqua regia to redissolve gold which has baked out, then 
evaporated carefully, and finally moistened three times with 
hydrochloric acid in the presence of sodium chloride to remove 
the nitric acid. The solution is then diluted with about 40 cc. 
of water, boiled for 5 minutes, and cooled. The silver and silica 
are filtered off by means of a Whatman 7-cm. No. 42 filter paper 
and washed with water. The gold and tellurium are precipitated 
from the filtrate as described above. The silver chloride-silica 
residue and filter paper are treated with sulfuric acid and fuming 
nitric to dissolve the silver chloride, and the silica is filtered off. 
Then the silver sulfate solution is treated with hydrochloric acid, 
and silver determined as the chloride. Results obtained on 
approximately 150-mg. samples of one such precipitate will 
serve to illustrate the percentage difference usually obtained on 
duplicate determinations: gold, 36.12, 36.17; silver, 5.20, 5.23; 
tellurium 5.33, 5.32. This sample treated by fire assay yielded 
36.17 per cent of gold.

S u m m ary
Hydroquinone precipitates gold quantitatively in the pres

ence of tellurium and selenium.
Tellurium can be determined directly from the filtrate by 

means of sulfur dioxide and hydrazine hydrochloride after 
adjusting to the usual acid concentration. Tellurium and 
selenium precipitated by means of sulfur dioxide can be- 
efficiently dried in an atmosphere of carbon dioxide.
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The Peroxide Method for Vanadium
A Spectropliotom etric Study

E. It. W RIGHT1 WITH M . G. MELLON, Purdue University, Lafayette, Ind.

W ELL-KNOW N colorimetric method for vanadium (4) 
is based upon the formation of a reddish brown color by 

a reaction between quinquivalent vanadium and hydrogen 
peroxide in acid solution. The color is supposedly due to 
peroxyvanadic acid, HVO4 (1). The method was first pro
posed by Slawik (3) and was extended by McCabe (2) among 
others (4).

The authors (5 ) outlined the advantages of the spectropho
tometer for studying the general nature of colorimetric reac
tions and the significant factors affecting the color. The 
object of the present paper was to make such a study of the 
peroxide method for vanadium.

T a b l e  I. E f f e c t  o f  A c id
Transmittancy Differences- Unknown-Standard

No. Acidity  
M l./100 ml.

Max. Av.

1« None + 6 8 33
2 10, 6 N  HîSO* +  2 .5 1.2
3 25, 6 N  H,SC>4 0 0
4 50, 6 N  HïSOî -  0 .5 0.1
5 85, 6 N  HjSO« +  1 .0 0 .5
6 25, 36 N  H,SO« +  5 .0 2 .2
7 10, 6 N  HïSO« +  3 .5 2 .0
8 25, 6 N  H*SOi +  1 .0 0.3
9 50, 6 N  H jSO« 0 0

10 25, 6 N  HNOj +  3 .0 1 .0
11 25, 6 N  HC1 +  3 .0 1 .0

® All solutions contain 2.0 in«, of vanadium per 100 ml.; solutions 1 to 5 
contain 1 ml. and 6 to 11 contain 5 ml. of 3 per cent hydrogen peroxide; 
transmittancy differences cover the range 400 to 700 m^.

T a b l e  II. E f f e c t  o f  P e r o x i d e  C o n c e n t r a t i o n
Transmittancy Differences 

3 Per Cent Hydrogen Unknown-Standard
No. Peroxide Max. Av.

M l.
l a 0 .1  + 3 .0  1.5
2 0 .2  0 0
3 0 .5  0 0
4 3 .0  0 0
5 10 .0  + 3 .5  2 .5

° All solutions contain 2.0 mg. of vanadium and 25 ml. of 6 A' HjSO* per 
100 ml. total in 4.983-cm. cells; transmittancy differences cover the range 
400 to 700 m/i.

Mallinckrodt U. S. P. 3 per cent hydrogen peroxide solution 
was used. A description of other reagents, apparatus, and 
experimental methods m ay be found in an earlier paper (5).

Typical spectropliotometric curves covering the most use
ful range of concentrations are shown in Figure 1 for a cell 
length of 5.00 cm.

E ffect o f  Acid C on cen tration
As shown in Table I, the maximum color intensity is not 

developed until the solution has an acid concentration of 
about 0.6 N . As the acid concentration is increased further 
up to 6 Ar, little change takes place, while at 9 N  the color 
begins to  fade. If a higher concentration of peroxide is em
ployed, the solution must be at least 1.5 N  in acid concentra
tion for development of maximum color. The type of acid 
used appears to affect the hue somewhat, although not enough 
to  be detected visually.

C o n cen tra tion  o f  Peroxide
Table II shows the variation in color with change in per

oxide concentration. These data show that comparatively
1 Present address, Dow Chemical Company, Midland, Mich.

little peroxide is necessary for development of maximum color, 
while an excess causes a diminution in the color intensity. 
The optimum concentration appears to lie between 0.2 and 
3 ml. of 3 per cent hydrogen peroxide solution, over which 
range practically no variation in color is observed.

E ffect o f  D iverse Ions

In addition to the ions listed in Table III, the following 
substances were found to have no effect at stated concentra
tions (total volume 100 ml.): 10 grams of NaNOs; 5 0 0 mg. 
of B i+++, Zn++, C d h+, As (as HjAsO<), Th++++, H g++, Ca++, 
M g++, Sr++, B a+ +, Pb++, A1+++, C2H 30 2-  C A O r ,  CIOs", 
P A  [as (NH^HPCM ; 250 mg. of Li+ B e ++, B 20 3 (as 
N a2B40 7); 100 mg. of Sb+++, Zr++++; 50 mg. of S i0 2 (as 
N a2S i0 3); and 100 mg. of A g+.

The main type of interference is furnished by the elements 
molybdenum, titanium, and tungsten, which form colored 
solutions with the reagents. Titanium is the worst source of 
interference, 0.05 mg. being sufficient to cause a maximum  
deviation of about 2 per cent from the standard curve. 
Molybdenum and tungsten both interfere by the formation 
of a yellow color with the reagents, but are not so sensitive 
in this respect as titanium. In the case of molybdenum a 
yellow peroxy acid is formed, while in the case of tungsten  
a yellow heteropoly complex compound between the vanadium  
and tungsten is the probable source of interference.

375
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T a b l e  I I I .  E f f e c t  o f  D i v e r s e  Io n s
Transmittancy Differences 

Limiting Concn. Unknown-Standard
No. Substance per 100 ml. Max. Av.

1° Co(NOj) î 10 mg. Co -  2 .0 1 .5
2
3

Cu(NOa)i
F e (N 0 3)3

10 mg. Cu 
10 grams Fe

- 1 0 .0
- 1 4 .0

1 .5
1 .0

4 KC1 10 grams KCl -  1 .0 0 .5
5 KCNS 10 mg. CNS +  1 .5 2 .0
6 KiCrjOr 1.0 mg. Cr -  4 .0 2 .5
7 KjCîO« 10 mg. CzOi -  4 .0 2 .5
8 KI 2.0 mg. I - 1 0 .0 5 .0
9 NaRr 500 mg. Br - 1 2 .0 1 .0

10 NajSO« 10 grams NaiSO« -  4 .5 1 .0
11 NajWO< 100 mg. W - 1 6 .0 1.5
12 NHiCl 10 grams N H 4CI -  2 .0 0 .5
13 (NH4)*MoO< 5 mg. Mo - 1 5 .0 2 .0
14 (N H 4)îS04 10 grams (NH«)jS04 +  3 .0 2 .5
15 Ni(NOj)j

SnCl<
20 mg. Ni -  6 .0 2 .0

16 400 mg. Sn -  2 .0 1 .5
17 TiOSO< 0.05 mg. Ti -  2 .0 1 .0
18 UCMCjHaOO* 50 mg. U -  5 .5 1 .0
° All solutions contain 2.0 mg. of vanadium, 25 ml. of 6 N  HjSO«, and 

1.0 ml. of 3 per cent hydrogen peroxide per 100 ml. total; cell length 4.983 
cm.; transmittancy differences cover the range 400 to 700 m/i.

T a b l e  IV. S t a b i l i t y

Transmittancy Differences 
U nknown-Standard

No. Age Max. Av.
1° 15 min. 0 0
2 7 days +  0 .5 0 .1
3 15 min. 0 0
4 47 hours 0 0
5 4 days +  13.5 9 .0

a All solutions contain 2.0 mg. of vanadium and 25 ml. of 6 ¿V HjSO« per 
100 ml.; solutions 1 and 2 contain 5 ml. and 3 to 5 contain 1 ml. of 3 per cent 
hydrogen peroxide; transmittancy differences cover the range 400 to 700 
m p.

S ta b ility
Table IV shows the stability of the peroxyvanadate solu

tions. The solutions have the compositions stated in Table

IV and were kept in glass-stoppered bottles when not in use. 
The conclusions which m ay be drawn from these data are 
that the solutions are stable for 2 days with small amounts 
of hydrogen peroxide and a week or more if a slight excess 
(5 ml. total) of hydrogen peroxide solution is added. The 
more acid solutions fade most rapidly.

S u m m ary

Typical transmittancy curves are given in Figure 1.
The solutions should have an acid concentration between

0.6 and 6 N  in sulfuric, nitric, or hydrochloric acids.
The solutions should contain 0.5 to 3 ml. of 3 per cent 

hydrogen peroxide solution per 100 ml. An excess of hydro
gen peroxide decreases the color, but consistent use of more 
hydrogen peroxide (up to 10 ml.) is permissible.

Titanium is the worst interfering element. Table III gives 
maximum allowable concentrations of diverse ions.

Under recommended conditions, the solutions are stable 
for at least 2 days. An excess of hydrogen peroxide promotes 
stability.
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Production o f Uniform Test Films o f Shellac and 
Other Finishes

PAUL F. BRUINS, P olytechn ic In s titu te  o f  B rooklyn, B rooklyn, N . Y.

THE production of uniform films of a definite thickness for 
testing the mechanical and electrical qualities of paint 

and varnish materials has received neither the proper amount 
of consideration nor study. This is especially true for shellac 
films. Standard methods are unsatisfactory in that they rely 
upon the uncertain technic of preparing specimens by manual 
means (1-4), so that in m any instances data from different 
laboratories cannot be correlated. Individual investigators 
(5-7) have used procedures which are largely applicable to the 
particular study in which they were interested.

This paper describes an apparatus for producing unusually 
uniform films of a predetermined thickness which can be used 
for various test purposes. The device can be easily con
structed by the investigator himself.

D escrip tion  o f  th e  A pparatus
The instrument is illustrated in Figure 1. It is constructed of a 

tire pump having a platform bolted to its handle and a needle 
valve attached to the exhaust tube to regulate the rate of air dis
charged. The platform can thus be lowered at any desired uni
form rate. A second pump serves as a compressor supplying air 
to the first pump as a handy means of raising the platform. A 
bicycle inner-tube valve is inserted between the two pumps to al
low the air to be discharged only through the needle valve. The 
apparatus is bolted to a ring stand and a clamp holds the needle 
valve in such a position that its setting can be accurately adjusted

by means of an attached pointer placed in front of a suitable scale, 
as shown.

P rocedure for F orm in g  F ilm s
The device operates upon the principle that films of a uni

form thickness are formed when they are withdrawn from the 
coating material a t a uniform rate which is lower than that 
of the rate of drainage of the varnish or paint. Suitable films 
for test purposes are obtained when the following directions 
are followed:

Surfaces to be coated must be clean and uniform in character. 
The object is suspended by means of the clamp shown in Figure 1, 
above the container which is filled with the coating material. 
The varnish or paint should be well mixed, free from foreign par
ticles and air bubbles, and at a standard temperature. The object 
is immersed by raising the platform, keeping the needle valve in a 
closed position, and is allowed to stand until the surface is thor
oughly wet with the varnish and all air bubbles are freed from it. 
Withdrawal is effected by setting the needle valve at the proper 
position, depending upon the characteristics of the coating ma
terial which have been determined beforehand. After dipping, 
the piece can be removed and allowed to dry under controlled con
ditions in a vertical position.

The thickness of the films obtained with this device is in 
direct proportion to the rate a t which an object is withdrawn 
from the varnish, until a point is reached where, the rate of
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d ip p in g  approaches that 
of the drainage of the var
nish from the coated ob
ject. Above this v a lu e ,  
the thickness of the films 
is less than what would be 
expected from a straight- 
line r e la t io n s h ip .  T h e  
amount of increase in film 
th ic k n e s s  w h ic h  occurs 
with increase in r a te  of  
withdrawal and the maxi
mum uniform th ic k n e s s  
which ca n  be o b ta in e d  
vary according to the coat
ing material and to the char
acter of the surface coated. 
This is illustrated in Fig
ure 2.

Although the film-form
ing characteristics o f on e  
sample of a varnish cannot 
be taken as a precise indi
cation of the results which 
will be obtained with an
other sample of the same 
body or cut, there is a defi
nite relation between the 
viscosity of a product and 
the film thickness w h ich  
can  be obtained. I t  is 
possible to obtain films of 
a predetermined thickness 
b y  s e le c t in g  the proper 
withdrawal rate, b y  p re 
paring calibration c u rv es  
such as th o s e  sh o w n  in  
F ig u r e  3 , for  3- and 5- 
p o u n d  s h e lla c  varnishes. 
The proper setting of the 
needle valve for varnishes 
of a viscosity interme
diate between those used 
for the calibration can be 
r e a d ily  estimated from 
the curves by interpola

tion. All measurements of thickness should be made after 
the film is completely dry.

C on trolled  D ip p in g  M ethod
P r e c i s i o n .  Measurements of film thickness in this in

vestigation were made with a Brown and Sharpe microme
ter having a deep throat, so that measurements could be 
made up to 3 inches from the edge of the film. Agree
m ents on measurements by three observers were obtained 
w ith this instrument to within 0.0001 inch. Film thick
ness was determined by measuring the combined thick
ness of the dry film and its support and obtaining the film 
thickness by the difference between that measurement 
and the thickness of the supporting medium.

Measurements of film thickness along a diagonal line 
extending across the film showed a deviation from the 
average thickness for any film of =*=0.0001 inch. Typical 
measurements are shown in Table I. This uniformity of 
thickness was obtained over the entire film with the excep
tion of the extreme bottom edge, which, being the last to 
emerge from the coating material, carried a bead of greater 
thickness. This bead can be trimmed off or disregarded 
in any subsequent tests.

T a b l e  I. F ilm  T h ic k n e s s  o f  a  C l e a r  L a c q u e r  o n  B r a s s

P ig u r e  1. D ip p in g  D e v ic e

1.
2. 
3. 
i.
5.
6.
7 .
8. 
9.

10.
11.
12.

Test plate 
Varnish container 
Platform 
Air pump 
Scale 
Pointer 
Needle valve 
Check valve 
Elevating pump 
Ring stand 
Rubber hose 
Clamp

With
drawal

Rate

Position
of

Measure Plate and Plate and Plate 1st 2nd
ment 2 films 1 film bare film film

Inch Inch Inch Inch Inch
1 (top) 0.0262 0.0259 0.0256 0.0003 0.0003
2 0.0262 0.0259 0.0256 0.0003 0.0003
3 0.0260 0.0257 0.0254 0.0003 0.0003
4 0.0258 0.0256 0.0253 0.0002 0.0003
5 0.0253 0.0251 0.0249 0.0002 0.0002
6 0.0249 0.0246 0.0243 0.0003 0.0002
7 (bead) 0.0253 0.0250 0.0247 0.0003 0.0003
1 (top) 0.0253 9.0250 0.0247 0.0003 0.0003
2 0.0257 0.0252 0.0247 0.0005 0.0005
3 0.0259 0.0255 0.0251 0.0004 0.0004
4 0.0261 0.0257 0.0254 0.0004 0.0003
5 0.0262 0.0258 0.0253 0.0004 0.0005
6 0.0261 0.0257 0.0253 0.0004 0.0004
7 (bead) 0.0264 0.0259 0.0255 0.0005 0.0005
1 (top) 0.0261 0.0260 0.0256 0.0004 0.0004
2 0.0265 0.0261 0.0256 0.0004 0.0005
3 0.0265 0.0260 0.0255 0.0005 0.0005
4 0.0263 0.0258 0.0254 0.0005 0.0004
5 0.0260 0.0255 0.0250 0.0005 0.0005
6 0.0255 0.0249 0.0244 0.0006 0.0005
7 (bead) 0.0258 0.0251 0.0244 0.0007 0.0007
1 (top) 0.0266 0.0260 0.0253 0.0006 0.0007
2 0.0269 0.0262 0.0256 0.0007 0.0007
3 0.0266 0.0260 0.0254 0.0006 0.0006
4 0.0265 0.0250 0.0254 0.0006 0.0005
5 0.0263 0.0256 0.0250 0.0007 0.0006
6 0.0250 0.0263 0.0246 0.0007 0.0007
7 (bead) 0.0276 0.0260 0.0245 0.0016 0.0015

A p p l i c a b i l i t y . Although the method was developed pri
marily for the purpose of overcoming the difficulties involved 
in producing uniform shellac films of about one mil in thick
ness, it appears to have a wider range of utility, and to be 
equally applicable to many other coating materials as a simple 
and more rapid means of preparing test films.

This controlled dipping method as described is limited in 
application to the coating of rigid nonporous surfaces, but 
might be adapted to other materials. It cannot be satisfac
torily applied to extremely viscous dopes or plastic paints, 
except possibly as a means for measuring the “after flow” of 
these compositions by noting the angle of the wedge-shaped 
film obtained.

The maximum film thickness which can be obtained in one

F ig u r e  2 .  E f f e c t  o f  S u r f a c e  C o a t e d

1. Bleached shellac, 5-pound cut on glass
2. Orange shellac, 4-pound cut on glass
3. White lacquer, brass or glass
4. Oil varnish on brass
5. Clear lacquer on brass
6. Oil varnish on glass
7. Clear lacquer on glass
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F ig u r e  3 . C a l ib r a t io n  C u r v e s  f o r  D e w a x e d  B l e a c h e d  
S h e l l a c  o n  G l a s s  S u r f a c e

1. 5 pounds per gallon, 720 seconds Saybolt, 25° C.
2. 5 pounds per gallon, 500 seconds Saybolt
3. 5 pounds per gallon, 250 seconds Saybolt
4. 3 pounds per gallon, 500 seconds Saybolt
5. 3 pounds per gallon, 250 seconds Saybolt
6. 3 pounds per gallon, 60 seconds Sayoolt

application is limited, as pointed out above. The limits de
pend upon the nature of the material. However, greater 
film thicknesses have been successfully prepared with shellac by 
applying successive coats. Solvent effect on previous coats 
was avoided by keeping the immersion time a t a minimum.
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Determ ination o f Chromium in Ferrochrome
P hosphoric Acid as Solvent w ith M ixed P erch loric and Sulfuric  

Acids as O xidant
G. FREDERICK SMITH A N D  C. A. GETZ, C hem ical Laboratories, U niversity o f  Illinois, Urbana, 111.

T h e u se  o f  85 per cen t p h osp h oric  acid  in  
th e  rapid  so lu tio n  o f  h ig h -  and  low -carb on  
ferrochrom e m a y  b e fo llow ed  by ox id ation  
o f  ch ro m iu m , u sin g  a m ix tu re  o f  perch loric  
and  su lfu r ic  acids a t  210° C.

T h e  n ew  procedure is  a n  im p rovem en t  
over th e  m eth o d  in vo lv in g  fu s in g  w ith  
so d iu m  peroxide.

In  tw o m od ifica tion s o f  th is  m e th o d , per
m a n g a n a te  or p ersid fa te  is  u sed  to  rem ove  
th e  hydrogen  peroxide form ed in  ox id ation s  
by p erch loric  acid  a t  a h ig h  tem p eratu re . 
T h e form er is m ore rapid and eq u a lly  ac
cu rate.

THE determination of chromium in ferrochrome is gen
erally carried out after fusion w ith sodium peroxide and 

solution of the sample. The sample is decomposed with oxida
tion of the chromium to the hexavalent form, formation of 
ferric oxide and sodium silicate, and oxidation of carbon. 
The fusion is leached with water, filtered, and washed, the 
filtrate is acidified, and the hexavalent chromium is deter
mined by titration 'with standard ferrous sulfate. The re
quired fusion with sodium peroxide, the troublesome filtra
tion and washing, and subsequent acidification before titra

tion of the oxidized chromium make this procedure far from 
satisfactory. I t  gives excellent results, but is not rapid.

Both the high- and low-carbon types of ferrochrome are 
easily and completely soluble in sirupy phosphoric acid in 
8 to 10 minutes at temperatures between 180° and 250° C. 
A portion of the silicon is left as flocculent silicic acid and a  
small amount of carbon m ay remain. The iron and chromic 
phosphates are readily soluble in hot concentrated phos
phoric acid. If the oxidation of chromium in the presence of 
phosphoric acid can be conveniently provided for, this method  
of solution can be used to improve greatly the speed and 
convenience of determining chromium in ferrochrome. The 
present paper describes new procedures which are probably 
the most rapid known and leave little to be desired in  
economy, accuracy, and convenience.

P revious W ork
The theoretical considerations involved in the use of a mix

ture of perchloric and sulfuric acids as a powerful oxidizing 
mixture have been discussed by Smith (1). The formation 
of appreciable amounts of hydrogen peroxide from the inter
action of these two acids at a temperature in the region of 
200° C. (1) necessitates corrective procedures to counteract 
the reducing action of the hydrogen peroxide. The com
plicating influence of hydrogen peroxide formation is more 
pronounced when a mixture of phosphoric, perchloric, and 
sulfuric acids is used in an analytical application, since the  
greatest oxidizing action takes place at 205° to 210° C. The 
former condition is illustrated in the analysis of chromium
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in chromic oxide as described by Smith, McVickers, and 
Sullivan (4). The latter condition is described by Smith 
and Smith (5 ) in the determination of chromium in stainless 
steel. The corrective measures used by Smith and Smith 
(5) must be applied to the present work in the determination 
of chromium in ferrochrome. In addition, an alternative pro
cedure is suggested which, although more time-consuming, 
has its points of advantage. The use of phosphoric acid 
mixture with perchloric acid as solvent for tungsten, ferro- 
tungsten, and tungsten tool steels was described by Smith, 
McHard, and Olsen (3). Willard and Thompson (6) were 
apparently the first to suggest the use of sirupy phosphoric 
acid for the solution of refractory materials, applying it to 
bauxite and iron ore.

P h o sp h o ric  A cid  as S o lven t for M etallurgica l 
M ateria ls

H ot sirupy phosphoric acid is an excellent solvent for ferro
chrome. Hydrogen is liberated and most of the silicon is 
held in solution. Practically all the carbon in both high- and 
low-carbon ferrochrome is evolved as hydrocarbons. The 
action is vigorous at a temperature of 160° to 170° C. starting 
with an 85 per cent acid, and is complete at 220° to 250° C., 
after 8 to 10 minutes gradual increase in temperature. Ferro- 
vanadium is likewise easily soluble under the same conditions; 
the solvent effect is much more convenient than solution in 
the mixture of hydrofluoric and nitric acids ordinarily em
ployed. In the case of a high-speed tungsten tool steel, all 
th e  sample is soluble in hot sirupy phosphoric acid except the 
tungsten, which m ay then be dissolved by the addition of 
perchloric and sulfuric acids. M any types of chromite ore 
are practically insoluble in hot concentrated perchloric acid 
or its mixture with sulfuric acid. Such samples are easily 
soluble in hot sirupy phosphoric acid, in which case solution 
must follow a sodium peroxide fusion if the use of phosphoric 
acid is excluded. All these applications of phosphoric acid 
are at present being investigated as a starting point in the 
developm ent of improved methods of analysis in the deter
mination of chromium, vanadium, tungsten, iron, and sulfur 
in  metallurgical materials.

A ltern ative  Procedures for D eterm in in g  Chro
m iu m  in  F errochrom e

P e r m a n g a n a t e  P r o c e d u r e .  A 100-mg. sample of high- or 
low-carbon ferrochrome is weighed accurately from a small 
weighing bottle into a 500-ml. Erlenmeyer flask, and a 5-ml. 
port ion of 85 per cent phosphoric acid is added. A 200° to 250° C. 
Anschutz thermometer, 130 to 140 mm. in length andi us- 
pended from the neck of the flask by a small platinum wire, is 
adjusted inside the flask. A refluxing still head is placed in the 
neck of the flask. The heating is then begun, using a modified 
Rodgers ring burner, and applying sufficient heat to bring the 
flask contents to a temperature of 250° C. The first application 
of heat volatilizes water from the sirupy phosphoric acid and a 
vigorous evolution of hydrogen and hydrocarbons begins at 160° C. 
By the time the flask and contents have attained the full 
heat (8 to 10 minutes), all the sample will be dissolved and the 
clear green solution will contain only small amounts of silica 
and precipitated carlxm. Any fine particles not completely 
dissolved will be made evident by a rapid local evolution of bub
bles of gas. When all gas evolution has stopped, a 15-ml. portion 
of mixed perchloric and sulfuric acid (equal volumes of 72 per 
cent perchloric acid and 80 per cent by volume sulfuric acid; is 
added. The temperature of the reacting mixture falls to approxi
mately 160° C. With adjustment of the burner to heat the flask 
contents to 210° C., the sample begins to oxidize rapidly at 
200° C. The flask and contents are heated 5 minutes at 210° C. 
and then allowed to cool to 205° C.

The refluxing still head is then raised and 35 to 40 mg. of npelv 
divided potassium permanganate are added. The flask is swirled 
and immediately plunged into cold water, continuing the swirling 
motion. In 10 seconds the contents can be diluted (cautiously 
at first) with 100 ml. of water. The thermometer is then removed 
and rinsed and a small boiling chip of Filter-Cel and 10 ml. of

1 to 4 hydrochloric acid are’ added. The solution is boiled 5 
minutes and cooled under running tap water, 20 ml. of 1 to 1 
sulfuric acid are added and the solution is titrated with 0.05 N  
ferrous sulfate from a 100-ml. buret. When the solution is 90 
per cent titrated, as indicated by the color change from bright 
yellow to a yellowish green, 3 drops of 0.025 M  o-phenanthroline 
ferrous ion (ferroin) are added. The remaining hexavalent 
chromium oxidizes the indicator to its almost colorless form.

The titration is then completed with dilution to 400 ml., if 
desired, to sharpen the end point, which is marked by the pro
duction of a decided pink cast with one drop excess of ferrous 
sulfate solution. No indicator correction is required, since the 
indicator was added in the ferrous form and remains at the end 
of the titration in the same form. In calculating results, the 
standard factor is obtained by titration of the ferrous sulfate 
solution with standard eerie sulfate, which has in turn been 
standardized using U. S. Bureau of Standards sodium oxalate. 
One milliliter of 0.05 N  ferrous sulfate is equivalent to 8.6666 
mg. of chromium. The ferrous sulfate solution may be standard
ized, using a sample of ferrochrome of known chromium content, 
by the procedure described above.

The permanganate procedure demands a rapid cooling and di
lution of the sample after the addition of the potassium per
manganate, and if this portion of the operation requires more 
than 10 seconds, low results may be expected (.5), To avoid 
breakage of the retaining flask, this procedure mast be mastered 
by repeated trials.

P e r s u l f a t e  P r o c e d u r e .  The slight reversal of the oxidation 
of chromium by the small amount of hydrogen peroxide formed 
by decomposition of perchloric acid at 205° C. can be corrected 
for and danger of breakage avoided by using ammonium per
sulfate after a more leisurely dilution of the hot mixed acid 
solution of the sample.

The persulfate procedure is exactly the same as the permanga
nate procedure up to the point at which the hot oxidized solution 
is cooled and diluted. In the persulfate method the cooling and 
dilution can be made less rapidly. The solution is diluted, after 
cooling 15 to 20 seconds with the flask immersed in cold water, 
by the addition of 100 ml. of water, and heated to boiling for 1 
minute to drive off most of the chlorine. One milliliter of 0.1 Ar 
silver nitrate and 2.5 grams of ammonium persulfate are added. 
The solution is diluted to 300 ml. with hot water and, after adding 
a Filter-Cel boiling chip, boiled for 10 minutes to decompose excess 
persulfate. Ten milliliters of 1 to 4 hydrochloric acid are added, 
the solution is boiled 5 minutes, cooled under running tap water, 
and 20 ml. of 1 to 1 sulfuric acid are added. It is then titrated, 
using 0.05 N  ferrous sulfate from a 100-ml. buret until approxi
mately 90 per cent of the hexavalent chromium is reduced. 
Three drops of 0.025 M  ferroin indicator are added and the solu
tion is titrated to a decided pink cast. The persulfate procedure 
requires 10 to 15 minutes longer for completion than the per
manganate process, but the results obtained are practically 
identical.

A pparatus and  E q u ip m en t  
U sed

The procedures described above are 
rapid, but require uniform heat con
trol, which m ay be provided in a 
number of ways. Those recommended 
as most convenient are as follows : 

Using a modified R o d g e r s  r in g  
burner (2), with two variable heat 
adjustments, a predictable temperature 
control can be obtained with 1 ° or at 
most 2° of the desired value. An elec
trically heated hot plate can be sub
stituted with less efficient results. A  
small square of Nichrome wire gauze 
is recommended for use with the 
R o d g e r s  ring burner; asbestos-pro
tected iron wire gauze is just a source 
of irritation as a substitute.

Thermometers with external calibra
tion markings are not satisfactory, as 
their etched markings are generally 
darkened by use of chromic oxide 
which is soon dissolved off the instru
ment, introducing error and leaving the
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T a b l e  I. A n a l y s i s  o p  H ig h -  a n d  L o w -C a r b o n  F e r r o c h r o m e
(Comparison of results by two different methods with U. S. Bureau of Standards sample 64)

Deviation

Sample
204-2

Sample
64

Sample
203-2

Sample
204-2

Sample
204-2,

Sample
64

Deviation from
Analysis Method from Known

No. Weight Used FeSOi FeSOi Chromium Mean Value
Gram iV ML % % %

1 0.1579 KMnOi 0.05112 127.00 71.29 + 0 .1 8
2 0.1228 KMnOi 0.05112 98.30 70.95 - 0 .1 6
3 0.1013 KMnO« 0.05112 81.30 71.13 + 0 .0 2
4 0.1298 KMnOi 0.05112 103.80 70.88 - 0 .2 3
5 0.1379 KMnO< 0.05112 110.60 71.08 - 0 .0 3
6 0.1303 KMnO* 0.05112 104.30 70.95 - 0 .1 6
7 0.1112 KMnO* 0.05112 89.50 71.33 +  0 .22
8 0.0864 KMnOi 0.05093 69.54 71.06 - 0 .0 5
9 0.1127 KMnOi 0.05093 77.30 71.36 +  0 .25

Av. 71 .11 Av. 0 .14

10 0.1049 KMnOi 0.05112 80.50 68.01 +  0.04 + 0 .1 1
11 0.0870 KMnOi 0.05112 66.70 67.94 - 0 .0 3 +  0.04
12 0.1183 KMnOi 0.05112 90.70 67.94 - 0 .0 3 + 0 .0 4
13 0.0805 KMnOi 0.05112 61.70 67.92 - 0 .0 5 + 0 .0 2
14 0.1242 KMnOi 0.05093 95.75 68.05 + 0 .0 8 + 0 .1 5

Av. 67 .97 Av. 0 .05  Av. + 0 .0 7

15 0.24315 KMnOi 0.05055 191.65 69.08 - 0 .0 5
16 0.22030 KMnOi 0.05055 173.80 69.15 + 0 .0 2
17 0.08790 KMnOi 0.05055 69.34 69.14 + 0 .0 1
18 0.10800 KMnOi 0.05055 85.17 69.12 - 0 .0 1
10 0.12855 (NHi)iSi08 0.05055 101.40 69.14 + 0 .0 1
20 0.11700 (NHiiiSjOs 0.05055 92.26 69.11 - 0 .0 2
21 0.11330 (NHi)jSjOs 0.05055 89.46 69.20 +  0 .07

Av,,69 .13 Av. 0 .03

22 0.1456 (NHi)iSiOg 0.05055 118.20 71.15 - 0 .0 9
23 0.1069 (NHiÎîSîOs 0.05055 87.20 71.50 +  0 .26
24 0.1035 (NHi)jSjOs 0.05055 84.02 71.15 - 0 .0 9
25 0.0787 (NHi)jSjO« 0.05055 63.60 70.83 - 0 .4 1
26 0.0970 (NHi)jSiOs 0.05055 68.90 71.29 +  0 .05
27 0.1116 (NHihSiOs 0.05055 90.00 71.01 - 0 .2 3
28 0.0960 N H ihS20» 0.05055 78.10 71.30 +  0 .06
29 0.1168 (N H i),S2Os 0.05055 95.15 71.40 + 0 .1 6
30 0.1212 (NHi^&O* 0.05055 98.85 71.49 +  0 .25

Av..71 .23 Av. 0 .18

d 31 0.08840 (NHi)jSjOs 0.05055 71.60 70.99 - 0 .1 1
32 0.12975 (NHihSîO» 0.05055 105.25 71.10 =*=0.00
33 0.12130 (NHi),S*0« 0.05055 98.45 71.14 +  0.04
34 0.12765 (NHi)îSîO* 0.05055 103.76 71.24 +  0.14
35 0.14065 KMnOi 0.05055 113.97 71.02 - 0 .0 8
36 0.08890 KMnOi 0.05055 72.10 71.08 - 0 .0 1
37 0.12985 KMnOi 0.05055 106.10 70.94 - 0 .1 6
38 0.11475 KMnOi 0.05055 93.34 71.29 + 0 .1 9

Av.7 1 .1 0 Av. 0 .09
39 0.09660 KMnOi 0.05055 67.81 - 0 .0 9 - 0 .0 9

thermometer difficult to read. Only an Anschutz type of 
thermometer should be used. A convenient size of thermome
ter is 135 mm. (5.25 inches) long, calibrated over the range 
180° to 250° C. in single degree intervals. N o trouble has 
been encountered in the use of this type of thermometer and 
the markings can be easily read, even in contact with fumes 
from perchloric acid and sulfuric acid.

The authors know of no suitable substitute, except quartz 
flasks for 500-ml. Pyrex Erlenmeyer flasks in these analyses. 
A refluxing still head of the design shown in Figure 1 is a 
necessity.

The Pyrex tube, A, is 25 mm. (1 inch) in outside diameter. 
The flange is 35 mm. (1.375 inches) in outside diameter and is 
made 50 mm. (2 inches) from the top opening. The vent in the 
side of the tube is 6 mm. (0.25 inch) in diameter, located 50 mm. 
(2 inches) below the flange. The bottom construction is 9 mm. 
(0.375 inch) in outside diameter and extends 50 mm. (2 inches) 
below the wide portion of tube /I. The end of the refluxing still 
head should make contact with the side wall of the reaction flask. 
The assembly of 500-ml. Erlenmeyer flask, Anschutz thermometer, 
refluxing still head, and modified Rodgers ring burner leaves 
nothing to be desired. The solution of the sample and subse
quent oxidation can be carried out without the use of a fume hood. 
If substitute equipment and modified apparatus assemblies arc 
used, the experimental conditions as described must be adhered 
to closely or unsatisfactory results will be obtained.

R ea g en ts  and  C h em ica ls E m ployed
Standard ferrous sulfate solution is prepared in the usual 

manner and is best stored in an 18-liter bottle in contact with 
hydrogen, following the use of the Zintl and Rienacker stand
ard storage bottle and buret (7).

Standard eerie sulfate solution is pre
pared from eerie ammonium s u l f a t e ,  
CetSO^^tNHOjSO.i^HjO, by solution in
0.5 to 1.0 JV sulfuric acid, and is stand
ardized using pure sodium oxalate in hot 
dilute perchloric acid solution. The deter
mination of the ratio between ferrous and 
eerie sulfates completes the standardiza
tion.

Ferroin indicator in 0.025 M  concentra
tion can be purchased already prepared.

Phosphoric acid, 85 per cent sirupy phos
phoric acid, U. S. P. grade.

Perchloric acid, 72 per cent free from 
chromium, either c. p. or technical grade.

Sulfuric acid, 95 per cent chromium-free 
is diluted with water to make SO per cent 
strength (lay volume).

Mixed perchloric and sulfuric acids 
(ferrochrome oxidant). Equal parts by 
volume of 72 per cent perchloric and 80 
per cent sulfuric acids.

Ammonium persulfate. Any high-grade 
crystalline form is applicable.

Standard Ferrochrome. U. S. Bureau 
of Standards sample 04 (high carbon). 
British Chemical Standards high- and low- 
carbon ferrochrome samples 204-2 and
203-2. The certificate values for these 
latter samples had not been issued at the 
time of the present work.

D evelop m en t o f  th e  M ethod

A study of the proper proportion of 
phosphoric acid as solvent and of mixed  
perchloric and sulfuric acids as oxidant 
was first made. F ive milliliters of 85 
per cent phosphoric acid are suitable 
for dissolving a 100- to 125-mg. sam
ple and 15 ml. were finally chosen as 
the most desirable proportion of ferro
chrome oxidant.

A  study was then made of the proper 
temperature and time of heating of the

 —  dissolved sample with the mixed acids
for complete oxidation. An oxidation 

temperature of 205° C. for 3 minutes was found adequate 
for low-carbon ferrochrome, but 5 minutes at 210° C. were 
required in the case of high-carbon ferrochrome. The condi
tions finally chosen were the same for both high- and low-car- 
bon samples: 10 minutes for solution of sample, 5 m inutes 
for oxidation at 210° C., followed by dropping the tem
perature to 205° C. before adding permanganate, and rapid 
or leisurely cooling followed by persulfate treatment. One- 
half hour per sample is required for the permanganate proc
ess and 45 minutes for the persulfate method. B y analyzing 
a number of samples concurrently, the average time per sam
ple is materially reduced.

F in a l T est A nalyses

A long series of analyses of the new British Bureau of Stand
ards ferrochromes 203-2 and 204-2 was carried out by the  
authors in the capacity of referee analysts, using as control 
U . S. Bureau of Standards ferrochrome 64, having a certificate 
value of 67.9 per cent chromium. Analyses of each sample 
by each method were carried out concurrently. The unknown 
sample series constituted the major portion of the work. A 
study was made of the degree of nonuniformity of the  
unknown high-carbon ferrochrome 204-2 by making a compari
son between a series of analyses on the reground and mixed 
sample and the sample as received. The results are shown in 
Table I.

Table I shows a close agreement in the analysis of low- 
carbon ferrochrome (sample 203-2) by the tw o procedures.
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T a b l e  II. S u m m a ry  o f  R e s u l t s  o f  A l l  A n a l y s e s
Mean Number

Average Deviation of*
Method of Chromium from Deter

Sample Analysis Content Average minations
% %

204-2 KMnO< 71.11 0.14 9
64 KMnO< 67.97 0 .05 5

203-2 KMnOi 69.12 0.03 4
203-2 (N H ^ jSjOs 69.15 0.03 3
204-2 iNHOiSîOg 71.29 0 .18 9
204-2 reground (NH^SiO« 71.12 0.07 4
204-2 reground KMnO< 71.00 0.12 4

The agreement in the analyses of high-carbon ferrochrome 
(sample 204-2) is not so close, the persulfate method giving 
the higher results (71.20 as compared to 71.11 per cent). The 
mean deviation of values from the average shows a greater 
degree of uniformity in samples 203-2 and 64 than in sample 
204-2. This is shown by the results obtained with reground
204-2. W ith Bureau of Standards sample 64 the two pro

cedures gave practically the same close agreement with the 
certificate value, 67.9 per cent chromium but the persulfate 
values are omitted from Table I in the interests of brevity. 
The results in Table I are in all series consecutive determina
tions with no omissions, but a number of series of results 
were omitted because of obviously unsatisfactory individual 
analyses.
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Titration of Aromatic Amines with 
Nitrous Acid

JOSEPH PHILLIPS WITH ALEXANDER LOWY, University o f  P ittsburgh, P ittsburgh , Pa.

A ST U D Y  of the literature reveals that although the titra
tion of the monoamines with nitrous acid has been in

vestigated to some extent, very little work has been done on 
the diamines, and no work has been done on the quantitative 
titration of monocyclic triamines. Of the monoamines, ani
line has been most carefully studied (6 , 9 ,18 ). The titration 
of sulfanilic acid is well known and indeed this reaction has 
been applied as a means of standardizing sodium nitrite solu
tions (11, H ) . Among the other monoamines quantitatively 
titrated are: o- (1), p- (1, 11), and m-aminobenzenesulfonic 
acids (1 ,8 );  dehydrothio-p-toluidine sulfonic (10); 3-amino- 
4-hydroxytoluene (3); o- and p-toluidine (9, 15); o- and 
p-anisidine (15); p-phenetidine (15); 5-aminosalicylic acid 
(15); p-nitroaniline (9, 10); o- (5) and p- (15) aminophenol; 
and m-xylidine (9). Of the diamines, 2,4-diaminophenol (2) 
and 3,5-diamino-o-cresol (4) have been titrated.

Although there is no reference in the literature to the com
plete diazotization of monocyclic triamines, in a previous 
paper (12) the authors found it necessary to determine the 
yields of triamine formed. Two methods were tried. The 
first method— adding sodium nitrite solution slowly to the 
amine solution until a faint permanent end point appeared 
on starch-potassium iodide paper— gave low results. The 
second method— using excess of sodium nitrite solution and 
back-titrating with standard aniline hydrochloride or sulf
anilic acid solution— gave fairly quantitative results, and 
was therefore used. Methods for back-titrating have been 
described (7 ,10 ), but a more direct method was desired.

P u rifica tion  o f  A m ines
In genera] the triamines were purified in the following 

manner:

A sample of the triamine was dissolved in a little warm water, 
treated with boneblack, and filtered under an atmosphere of 
natural gas. The filtrate was chilled and saturated with hy
drogen chloride gas. The resultant precipitate was filtered, 
washed with several portions of alcohol-ether and ether, and then 
dried in a vacuum desiccator over potassium hydroxide and cal
cium chloride for 48 hours. The purity of some of the triamines

was then checked by elementary analysis (12). The mono- 
and diamines were purified by distillation and crystallization.

S tan d ard iza tion  o f  S o d iu m  N itr ite  S o lu tio n
Approximately 0.1 N  sodium nitrite solution was standardized 

with aniline hydrochloride, sulfanilic acid, and potassium per
manganate solutions, yielding 0.1099 N, 0.1093 Ar, and 0.1132 N, 
respectively.

G eneral Procedure
A known weight of the purified amine or amine hydrochloride 

given in Table I was dissolved in 100 cc. of aqueous solution con
taining 10 cc. of concentrated hydrochloric acid in a glass-stop
pered Erlenmever flask. The sodium nitrite was added, drop- 
wise, at 20° to 23° C. (not more than 2 cc. per minute) until a test 
drop immediately turned starch-potassium iodide paper strongly 
blue. The flask was then stoppered and allowed to stand (with 
occasional shaking) for 15 minutes. If a test drop of the solu
tion after this time gave only a faint end point or no end point, 
then 2 cc. more of the sodium nitrite solution were added and the 
procedure was repeated. If, however, a test drop still gave a 
strong end point after 15 minutes, the solution was back- 
titrated with standard aniline hydrochloride (0.100 N) or sulfanilic 
acid (0 .1 0 0  jV ) solution till only a faint end point persisted.

Because there was usually about 2 cc. excess of sodium nitrite 
solution for 15 minutes before back-titration, and because ni
trous acid is relatively unstable, especially at room temperature, 
a blank determination was made to determine the amount of 
sodium nitrite solution lost. The sodium nitrite solution lost 
in this way was not utilized in the reaction and was therefore 
subtracted from the total amount of sodium nitrite used. When 
2 cc. of (0.110 N~) sodium nitrite solution were added to 100 cc. 
of aqueous solution containing 10 cc. of concentrated hydro- 
cldoric acid, allowed to stand (with occasional shaking) for 15 
minutes, and then back-titrated with standard aniline hydro
chloride solution, a loss of 0.20 cc. of sodium nitrite solution oc
curred. When 25 cc. of concentrated hydrochloric acid were 
used, a loss of 0.23 cc. of sodium nitrite solution occurred.

R esu lts
Table I gives the results obtained by titrating varying  

amounts of the amines. I t  was found that 2,4,6-triamino- 
chlorobenzene (D) could not be completely titrated in aqueous
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T a b l e  I. R e s u l t s  o p  T i t r a t i o n s  

' C.)
=» 2,4,6-triaminobenzoic acid-3HCl 
«= 2,4,6-triaminotoluene-3HCl-HjO  

l,3,5-triaminobenzene-3HCl 
=  2,4,6-triaminochlorobenzene-3HCl 
»  metanilic acid 
*» m-phenylenediamine

(Temperature, 20°-23c 
G -  
II  =  
I  -  
J  «  
K  -

m-toluylenediamine-HCl
2,4,6-triaminophenol*3HCl
l,2.4-triaminoDenzene-3HCl
o-phenylenediamine
p-phenylenediamine*2HCl

100 Cc. of Back-Titration
Solution Aniline- Sulfa

Com Contain NaNOj Used HC1, nilic acid, Titra
pound Weight ing: 0.110 N  0.117 Ar 0.100 N  0.100 N tion

Grams Cc. Cc. Cc. Cc. %
A 0.0515 d 10.6 0 .3 99.7

0.1020 d 21.5 1 .4 99 .5
0.1505 d 29 .‘0 1.3 99 .2
0.2020 d 38 .2 0 .8 99 .6
0.2500 d 48 .0 2 .0 99 .4
0.0605 d 13.0 0 .7 101.9
0.1000 d 21 .0 1.3 99 .5
0.1490 d 30.0 0 .7 99 .2
0.2100 d 43 .0 1.8 99.4
0.1480° d 27 .0 0 .0 92.4

B 0.0550 d 12.5 1.2 98 .8
0.1060 d 22.3 0 .5 99 .0
0.1520 d 33.0 1.6 100.0
0.1702 d 36 .0 0 .5 100.7
0.2080 d 44 .0 1.2 99.5
0.1500 d 32 .0 i . 4 99.7
0.11096 d 20.0 i!ö 82.6

C 0.0620 a 16.0 1 .4 99 .7
0.1163 0 28.5 1.0 100.3
0.1570 0 38.0 1.2 99 .6
0.2080 a 51.0 2 .0 100.3
0.2150 a 51.5 1.2 99 .5
0.1500 0 36 .5 Ü 3 99 .7

D 0.0650 o f 15.5 1.0 96 .8
0.1120 o f 26 .0 1.3 99 .3
0.1600 0 ‘f 36 .0 1.9 99 .5
0.2005 o-f 44.0 2 .1 98 .5

E 0.0540 a 6.1 0 .6 100.6
0.1200 0 13.2 1.2 100,9
0.2090 0 21.2 0 .5 99.4
0.2500 0 25 .6 1.0 99 .4
0.3045 0 31.1 1.1 99 .6

F 0.0648 a 22 .3 2 .0 99.4
0.1106 0 36 .5 1.8 99.0
0.1530 0 49 .5 1 .8 98.6
0.2004 a 65 .0 2 .2 99 .2

G 0.0604 0 14.5 1 .5 99 .8
0.1125 0 26.2 2 .0 100.1
0.1510 0 34 .0 1 .6 99.6
0.2003 a 45.1 2 .0 100.0

I I 0 .0 5 4 0 c d 8 .5 0 .6 65.4
0 .1010c d 16.0 1 .0 67.2
0.1340« d 21 .0 1.1 67.3
0 . 1750c d 27 .0 0 .8 67.9
0 .2200c d 33 .0 0 .5 67.0
0.2748« d.J 55.0 3 .0 83.7
0.1785« d 31 .0 2 .5 72 .8
0 . 1505c 0 24 .0 1.1 68.9

I 0.0562 d 7 .2 0 .6 48 .9
0.1062 d 14.0 1.3 50.6
0.1555 d 20.0 1.4 50.8
0.2300 d 27 .5 0 .5 49 .7
0.1528* a 21.5 0 .5 58.1
0 . 2000; d .f 30 .0 1 .0 58.8

J 0.0560 d 10.5 1.6 50.5
0.1013 d 17.5 1.4 50.3
0.1573 d 26.0 1.3 49.6
0.2075 d 34.5 1.4 50.4

K 0.0540 9 6 .5 1 .5 48.6
0.1160 0 12.0 1.0 49 .8
0.1606 0 17.0 1.9 50 .0
0.2010 a 20 .0 1.2 49.4
0.2760 a 27 .5 1.5 49 .8

a Without back-titration the result is low. 
b Temperature was kept at 0 -5° C. 
c Temperature was kept at 5-10° C. 
d Concentrated hydrochloric acid, 10 cc.
* Temperature was kept at 20-23° C.
/  E thyl alcohol, 20 cc.
0 Concentrated hydrochloric acid, 25 cc.
A Use of 25 cc. of concentrated HCi gives higher results.
1 Use of alcohol gives higher results.

and 20 cc. of ethyl alcohol. It was found that 1.5 cc. of 
sodium nitrite (0.110 N ) had to be added before a faint end 
point could be obtained on starch-potassium iodide paper; 
hence this amount plus 0.23 cc. was subtracted when the amine 
was titrated.

Metanilic acid (E ) was investigated because the literature 
contains no reference to its rapid quantitative titration. The 
method of Doolittle (8) requires 12 to 15 hours for quanti
tative results.

The accuracy of the titration of m-phenylenedi amine (F) 
was limited somewhat by the appearance of a false end point 
which appeared before the true end point (at about 85 per 
cent complete titration) and which turned starch-potassium  
iodide paper bluish black. However, this color did not form 
instantaneously on the potassium iodide paper, and could 
therefore be differentiated from the true end point.

Titration of 2,4,6-triaminophenol ( if ) , using 100 cc. of 
solution containing 10 cc. of concentrated hydrochloric acid 
at 10° C. (maximum temperature), gave only two-thirds 
complete titration. The use of higher temperatures and 
more acid gave higher and variable results. Thus for con
sistent results the temperature and concentration of hydro
chloric acid must be kept within fairly close limits.

1,2,4-Triaminobenzene ( /) , o-phenylenediamine (J ), and 
p-phenylenediamine (K )  were approximately 50 per cent 
titrated.

S u m m a ry
Since most aromatic amines cannot be quantitatively  

titrated with nitrous acid in a short time by the usual direct 
manner, a method was devised by which excess sodium ni
trate is used, and the excess back-titrated with standard 
aniline hydrochloride or sulfanilic acid solutions (both of 
which react rapidly w ith sodium nitrite). The amines ti
trated were: 2,4,6-triaminobenzoic acid, 2,4,6-triaminotolu- 
ene, 1,3,5-triaminobenzene, 2,4,6-triaminochlofobenzene, m et
anilic acid, w-phenylenediamine, m-toluylenediamine, 2,4,6- 
triaminophenol, 1,2,4-triaminobenzene, o-phenylenediamine, 
and p-phenylenediamine.
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solution, even if 25 cc. of concentrated hydrochloric acid 
were used; however, the addition of ethyl alcohol (20 cc.) 
gave alm ost quantitative results. As a preliminary check, a 
blank determination was made using a solution containing, 
55 cc. of water, 25 cc. of concentrated hydrochloric acid,



Extraction o f Minute Amounts o f Morphine
Use o f  P yrogallo l for Preventing Losses D ue to O xidation

Racing C om m ission Laboratory, New York, N . Y.CHARLES E. MORGAN, New York State

THE literature (1-4) contains many references to the ease 
with which morphine is oxidized, especially in alkaline 
solutions where the oxidation may be accomplished by atmos

pheric oxygen. In customary quantitative procedures, deal
ing with sensible quantities of the alkaloid, the extent of oxi
dation m ay be of slight importance, and the author has 
been unable to find any reference describing other than usual 
precautions to prevent oxidative changes.

In the qualitative analysis of horse saliva for the detection 
of drugs which m ay have been administered to the animal, 
such drugs, of which morphine is one, are present in very mi
nute quantities in most instances. The loss of an otherwise 
insignificant amount of the drug therefore becomes, in this 
work, of paramount importance.

The routine method used in this laboratory for the analysis 
of saliva is a modification of the classic Stas-Otto (1, 2, S) 
procedure for the isolation of alkaloids and related drugs. 
After preliminary purification procedures, any alkaloid pres
ent is contained in a small amount of acidified water. This 
solution is extracted (A) with successive, equal portions of 
ether, made alkaline with sodium hydroxide, and again ex
tracted (B) with ether, then neutralized with hydrochloric 
acid, made alkaline with ammonium hydroxide, and, after 
addition of a little alcohol, extracted (C) with a hot chloro- 
form-alcohol mixture (9 plus 1). Morphine, if present in 
minute amount, is contained only in the C extract, and will 
have been subjected to oxidation by atmospheric oxygen 
during both the B  and C  extractions.

In a series of analyses designed to determine the limit of 
sensitivity of the method, it was found that the final extrac
tion residues from saliva samples to which had been added 
250, 100, and 25 gamma of morphine gave evidence, by the 
formation of precipitates with general alkaloidal reagents, of 
the presence of an alkaloidal substance in each in graduated 
amounts. However, characteristic color tests and formation 
of typical microcrystals were obtained only in the case of 
samples to  which the largest amount of morphine (250 
gamma) had been added, and these identifying tests were 
weak in view of the comparatively large amount of morphine 
which had been used. It was therefore concluded that when 
amounts of morphine less than 250 gamma were used, atmos
pheric oxygen was converting the alkaloid to pseudomorphine 
or similar oxidation products which were capable of giving 
amorphous precipitates with general alkaloidal reagents, 
but which, of course, would not give tests characteristic of 
morphine. It was accordingly felt that if a method could be 
devised for the prevention of oxidation, its use would tend to 
prove these suppositions and at the same time render the 
general method more sensitive for the detection of morphine.

As the oxygen-absorbing qualities of alkaline pyrogallol 
solutions are well known, it was thought that the introduction 
of pyrogallol into the alkaline solutions containing morphine 
might inhibit the oxidation of the alkaloid.

E xperim ental
To tliree 10-cc. portions of water were added, respectively, 250 

gamma of morphine (as sulfate), 250 gamma of morphine (as 
sulfate) and 0.1 gram of pyrogallol, and 0.1 gram of pyrogallol. 
Each solution was analyzed as follows:

Sufficient dilute sodium hydroxide was added to make the solu
tion distinctly alkaline to litmus. It was then extracted three

times with equal volumes of ether, and the ether extracts were 
combined and washed three times with 2-cc. portions of water 
containing 10 drops of 20 per cent sodium hydroxide solution in 
each 100 cc. The ether was then dried with anhydrous sodium sul
fate and evaporated. The residue from evaporation was dissolved 
in a small amount of slightly acidified water and drops of the solu
tion were tested with various alkaloidal precipitants and color rea
gents with negative results. The alkaline aqueous solution re
maining after the extraction with ether was neutralized with 
dilute hydrochloric acid, made alkaline with ammonium hydrox
ide, and, after addition of 1 cc. of alcohol, extracted three times 
with equal volumes of hot chloroform-alcohol mixture (9 plus 1). 
The extracts were combined and washed three times with 2-cc. 
portions of ammoniacal water-alcohol mixture (75 cc. of water, 
25 cc. of alcohol, 10 drops of ammonium hydroxide). The extract 
was then dried with anhydrous sodium sulfate and evaporated.

The residue from evaporation was dissolved in a small amount 
of slightly acidified water and tested for morphine with alka
loidal precipitants and color reagents. Strongly positive tests 
were obtained with the residue from the morphine-pyrogallol 
solution, weakly positive tests with the residue from the mor
phine solution without pyrogallol, and negative tests with the 
residue from the solution containing only pyrogallol.

N o t e s .  The B  residues (those from the ether extractions 
of the solutions alkaline with sodium hydroxide) were tested 
because it was desired to make certain that no impurities 
would be introduced through the use of pyrogallol which 
would interfere with the detection of alkaloids that might be 
present in these residues in routine use of the method.

Both the ether and the chloroform-alcohol extracts were 
slightly colored, presumably because of extraction of oxidation 
products of pyrogallol. This has since been found not to be 
an invariable condition, the extracts frequently being color
less even when made under seemingly identical conditions. 
In any event the washings with alkaline water or water-alcohol 
mixture readily remove the color from the solvents.

To three samples of horse saliva measuring about 150 cc. were 
added 250 gamma, 100 gamma, and 25 gamma, respectively, of 
morphine (as sulfate). These samples were analyzed by the 
routine procedure except that the extractions with immiscible 
solvents were made in the manner just described, adding 0.1 
gram of pyrogallol to the acid aqueous solutions following the A 
extractions. In each ease morphine was recovered and identified 
both by the formation of characteristic microcrystals and by 
color tests with appropriate reagents. In the case of the sample 
to which 25 gamma of the alkaloid had been added, the color 
test was stronger and the microcrystals better formed than in the 
case of the 250-gamma sample run without using pyrogallol. 
This tended to prove that atmospheric oxidation had been respon
sible for considerable loss of morphine, that pyrogallol used as 
described greatly minimized loss by oxidation, and that the use of 
pyrogallol increased the sensitivity of the method toward mor
phine by more than ten times.

Occasionally slight amorphous or crystalline precipitates 
are obtained when Kraut’s reagent is added to the solutions 
of the B  and C residues. Experiments indicate that this is 
due to some pyrogallol oxidation product which is not re
moved by the washings. It does not, however, interfere 
with alkaloid detection, nor are such precipitates formed with 
any other reagent than Kraut’s.

To ascertain whether use of pyrogallol would affect results 
with other alkaloids, duplicate samples were prepared con
taining graduated amounts of strychnine, heroin, cocaine, 
and caffeine. One set of samples was analyzed with and the 
other without pyrogallol. With the exception of those con
taining caffeine, all samples gave as good or better results
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with pyrogallol than without. The results with heroin, 
which during the process of analysis is in large part hydrolyzed 
to  morphine, were improved in about the same degree as 
those w ith morphine itself. Otherwise better results were 
probably due to  more thorough elimination of traces of im
purities by reason of washing solvents after extraction. The 
sensitivity of the method toward caffeine was somewhat 
decreased, probably because of loss in washing the solvents. 
A s this alkaloid is recovered in the A  extract, which is not 
washed, as well as in the C extract, the slight loss is not 
serious.

S u m m ary

The use of pyrogallol will prevent serious loss of morphine 
due to oxidation in alkaline solution during extraction with 
immiscible solvents.

A method for its use and comparative results without its 
use are described.

The use of pyrogallol in the manner described does not 
interfere with the detection of other alkaloids (cocaine, strych
nine, and caffeine).
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Determ ination o f Primary Calcium Phosphate
In M ixtures o f  the Calcium  O rthophosphates

II. V. TARTAR, ISABEL S. COLMAN, AND LUELLA L. KRETCHMAR, U niversity o f  W ashington, Seattle , W ash.

TH E  unsatisfactory state of the methods for analyzing 
mixtures of the calcium phosphates (1, 6-9 , 12, 13) is 
w ell recognized and is due primarily to the fact that the 

methods are largely empirical. It is the purpose of this 
paper to present a new method, which is free from empiri
cism, for the determination of primary calcium phosphate 
in mixtures of the calcium orthophosphates. The method in
volves the titration of the primary calcium phosphate, Ca- 
(H^PO^, with 0.2 N  sodium hydroxide solution to a definite 
pH  to determine the amount of this phosphate in the sample.

Preparation, o f  M ateria ls and  M eth od s o f  
A n alysis

Primary calcium phosphate was prepared by adding to a sus
pension of commercial secondary calcium phosphate (c. p. ana-

17 l<? 21 Z3 zs

F ig u r e  1.
C c. N o  O h  

T i t r a t i o n  o f  P r im a r y  C a lc iu m  P h o s p h a t e  
w i t h  S o d iu m  H y d r o x id e

O, colorimetric pH 
Ö, electrometric pH

lyzed quality), the theoretical amount of phosphoric acid, as 
calculated from the solubility curve of Cameron and Seidell 
(\2) where the primary salt is the solid phase. The solution was 
filtered and evaporated until crystals started to form which were 
then allowed to separate out slowly. The crystals were filtered 
on a Büchner funnel, washed with 95 per cent alcohol and finally 
with anhydrous ether, dried for 15 minutes at 100° C., and kept 
in a desiccator over calcium chloride. Analyses of the product 
showed it to be the pure monohydrate of primary calcium phos
phate, CaiHjPOOrlLO, with a P2Os/CaO ratio of 2.53 in per
fect agreement with the theoretical value.

To prepare secondary calcium phosphate, the primary cal
cium phosphate was dissolved in water and a little phosphoric 
acid. Carbon dioxide-free sodium hydroxide was then added 
slowly until the solution had a pH of 3.8, using bromophenol 
blue as an indicator. The crystals of secondary calcium phos
phate that separated out at this hydrogen-ion concentration 
were filtered off, washed first with alcohol and then with ether, 
and air-dried. Upon analysis this proved to be the dihydrate 
of secondary calcium phosphate, C aH P0t-2H20 , having the 
theoretical P205/C a0  ratio of 1.27.

Tertiary calcium phosphate was prepared by dissolving 12 
grams of secondary calcium phosphate in a little nitric acid with 
subsequent dilution with distilled water to a volume of nearly 4 
liters. A moderate excess of carbonate-free ammonium hydrox
ide was then added rapidly with continual stirring. Because 
of the gelatinous nature of the precipitate it was washed eight 
times by decantation, using 4 liters of distilled water each time. 
It was then filtered on a Büchner funnel, washed with alcohol, 
then with ether, and air-dried. The P2Os/CaO ratio of this ma
terial was found to be 0.829, slightly below the theoretical 0.845 
for pure tricalcium phosphate.

Carbonate-free ammonia was prepared by allowing ammonium 
hydroxide to stand overnight in contact with an excess of cal
cium hydroxide, and then distilling into carbon dioxide-free 
distilled water. ,

Calcium was determined by the sulfate method as outlined by 
Gooch (5), and phosphorus by the customary molybdate method 
with the final precipitation as magnesium ammonium phosphate.

The hydrogen-ion concentration was determined both colori- 
metrically and electrometrically. For the first method a series 
of buffer solutions with pH values ranging from 3.0 to 7.0, with 
intervals of 0.2 pH, was prepared as described by Clark and Lubs
(3). The indicator solutions used were those recommended by 
Clark and Lubs (3) for this range, and 5 drops were used for 
each 10 cc. of solution to be tested.

For the electrometric method a cell was used, consisting of a 
normal calomel electrode, a saturated potassium chloride bridge, 
a lightly platinized platinum electrode, and hydrogen which was 
bubbled through pyrogallol solution and two vessels with water. 
The electromotive force was read by means of a Leeds & North- 
rup potentiometer, and the pH was calculated from the equation
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p H e. m. f. — 0.2805 
0.00019844 T

Using this setup, it was possible to obtain duplicate values 
for the pH =*=. 0.01.

T itra tio n  o f  P rim ary C alc iu m  P h osp h ate

To determine the amount of primary calcium phosphate 
in the sample, the material was titrated with 0.2 N  sodium 
hydroxide to a definite hydrogen-ion concentration and the 
amount of titrating solution was compared with that neces
sary to reach the same pH in a sample that was pure primary 
calcium phosphate.

T a b l e  I. T it r a t io n '  o f  P r im a r y  C a l c iu m  P h o s p h a t e  w it h  
S o d iu m  H y d r o x id e

Indicator

Bromophenol blue

Methyl red

Bromocresol purple

pH, pH.
Ca Remaining 

in Solution
Colori Electro- as Mg. of Ca- 

(H;P0*)jH:00.2 N  NaOH metric metric
Cc.

15.0 3 .8 3.63 202.24
17.0 4 .0 3.92 116.45
18.0 4 .2 4.11 70.11
18.5 4 .4 4 .30 46.01
18.5
19.0

4 .4
4 .7 4.56 32.33

19.5 4 .9 4.83 16.79
20 .0 5 .2 5.15 8.23
20 .5 5 .5 5.46
20 .5
21 .0

5 .6
5 .7 5 .68 4.78

21.5 5 .8 5.79 .
22 .0 5 .9 5.91
22.5 0.1 5.97 Ü 44
23.5 6 .2 6.11
25.5 6 .4 6.37

The results are given in Table I. The second column gives 
the number of cubic centimeters of sodium hydroxide used, 
the third and fourth the pH determined by the two methods, 
and the last the total calcium in the solution calculated as 
milligrams of primary calcium phosphate. The titration 
curve obtained by the two methods is shown in Figure 1. 
There is a constant difference (average deviation 0.07 pH) 
between the pH determined by the two methods. This is 
probably due to the “salt cffect” upon the indicators, giving 
pH values from the colorimetric method consistently higher 
than those obtained electrometrically. The residual cal
cium in the solution is shown in Figure 2, where the values

Ce. No 0  H

F ig u r e  2 . R e s id u a l  C a l c iu m  in'  S o l u t io n  
d u r in g  T it r a t io n '  o f  P r im a r y  C a l c iu m  

P h o s p h a t e

E r r o r  in % o f  C a (h l P04Jz

F ig u r e  3 . E r r o r  i n  P e r  C e n t  o f  P r im a r y  C a l c iu m  
P h o s p h a t e

in the last column of Table I are plotted against the cubic 
centimeters of sodium hydroxide.

Ahnost any point on the curve in Figure 1 could be used as 
a so-called end point for the titration. The theoretical 
number of cubic centimeters, if the reaction took place in 
accordance with the following equation,

C a(H jP0<)2-H20  +  N aO H  =  C aH P 0 ,-2 1 I,0  +  N aH .PO ,

would be 19.83 cc. Some value near this point should be 
chosen as an end point, because the almost complete neu
tralization of the primary salt gives an unbuffered solution  
which shows a greater change in pH for a small addition of 
sodium hydroxide. At this point there is but a small amount 
of the primary calcium phosphate still in the solution (9.78 
mg.).

In all further work the point on the curve represented by 
20 cc. for a solution having a pH of 5.15 electrometrically 
and 5.2 colorimetrically was taken as the end point of titra
tion.

In running a titration on an actual sample of less than 100 
per cent of primary calcium phosphate, an error is intro
duced, due to the fact that 7.0 cc. of water are added to each 
sample. This increases the dilution of the primary calcium  
phosphate, so that the pH of the end point of titration will 
be reached before the equivalent amount of sodium hydrox
ide has been added. To determine the error introduced, 
different amounts of primary calcium phosphate were weighed 
out and dissolved in 7.0 cc. of water. These were then ti
trated with the sodium hydroxide, using the hydrogen-elec- 
trode titrating vessel, to a pH of 5.15.

T a b l e  II. E r r o r  in  T it r a t io n  o f  1 -G r a m  S a m p l e  o f  
P h o s p h a t e

;HjPO<)î-HîO C a(H tP04)sH i0
Ca(H*POO*H,0 

Calcd. from Error for
Titrated Present Titration 1-Gram Sample
Gram % % %
1.0000 100 100.00 0 .00
0.5000 50 49.80 0 .20
0.2500 25 24.70 0.30
0.1000 10. 9.53 0 .4 7
0.0500 5 4 .39 0.61
0.0200 2 1.01 0 .99

The results are given in Table II, the first column giving 
the number of grams of primary calcium phosphate titrated, 
the second giving the actual per cent of primary calcium phos-
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phate present, the third column showing the per cent of the 
primary phosphate as calculated from the titration, and 
the last column giving the percentage error on a 1-gram 
sample due to dilution.

The results are also given in Figure 3, where the calculated 
per cent present is plotted against the error in per cent of 
primary calcium phosphate. Reading from this curve it  is 
possible to  find the error for every per cent of primary cal
cium phosphate found from the titration and thus make the 
necessary correction due to dilution.

O u tlin e  o f  M eth od  o f  A n alysis
W ith the data at hand a method for the quantitative de

termination of primary calcium phosphate in a mixture of 
primary, secondaiy, and tertiary phosphates of calcium can 
now be outlined.

If the sample contains only primary or only primary and 
secondary calcium phosphates, weigh out 1-gram samples of the 
material to be analyzed and place in the hydrogen-electrode 
vessel. Add 7.0 cc. of water and titrate with the alkali solu
tion to a pH of approximately 5.15. Compare the number of 
cubic centimeters used with the curve given in Figure 1 and cal
culate the per cent of primary calcium phosphate present. To 
make the necessary correction for dilution, read from the curve 
in Figure 3 the amount to be added to the per cent calculated.

If, however, the sample is a mixture also containing ter
tiary calcium phosphate, the following method should be 
used:

Grind the sample to a very fine powder. The importance of 
thorough grinding cannot be too strongly emphasized, if accu
rate results arc desired. Weigh out carefully two 1-gram por
tions of the sample, place one in the titrating vessel, add 7 cc. of 
distilled water, and then slowly 0.2 N  sodium hydroxide until 
the solution has a pH of about 5.15. Note the volume of alkali 
used. Wash and dry the titrating vessel, add 7 cc. of water 
and the same amount of alkali as was used in the titration just 
completed, and in addition about 0.5 cc. more. To this alkali 
solution add the other 1-gram portion and stir thoroughly for 
a few minutes; this procedure is followed to prevent the primary 
salt from reacting with the tertiary. Determine the pH of the 
solution, remembering to stir it at intervals until the potenti
ometer reading remains constant after two consecutive stirrings.

The per cent of primary calcium phosphate present can be 
calculated as before.

As an alternative procedure, the pH m ay be determined 
colorimetrically, but because of inherent inaccuracies, the 
percentages of primary calcium phosphate are only reliable 
to ± 0.20 per cent.

To compare this work with other research along similar 
lines, the following calculations were made: The mass law 
equation for the second ionization constant of phosphoric 
acid may be written

log Ï! =  1-5 V m
7 i 1 +  1.65 V i

f a * )  (w i(H F O ! ) )  7 l  _  j r  

( m n i p o r )  7 i

and also in the following logarithmic form:

pH +  log »¡HIPP«*
» ÏH P O l-

pK  -  log 2l
7 i

(1 )

(2)

where pK  is the negative logarithm of K t.
To make use of Equation 2 , first the total number of moles 

of phosphate ion and of calcium ion left in solution at the 
end point chosen were calculated, and were found to be 
(3.998) (10~3) and (3.263) (10“*), respectively. To find how 
the phosphate was distributed between the primary and 
secondary ions, Equation 2 was applied. The value of pH  
was taken from Table I, and p i i  was found from N im s’ 
(11) value for the second ionization constant of phosphoric 
acid (6.226) (10~8). The ratio of the activity coefficients 
was calculated from the relationship given by Cohn (4)

where ¿u is the ionic strength (10) of the solution. Since m is 
a function of the concentrations of the phosphate ions, a 
method of successive approximations was used to find the 
ratio desired. Starting with the assumption that 71 =  y 2, 
the second solution of Equation 2 gave the consistent values:

™ HiPO<

w h p o i ”
=  50

log — 
7s

0.36 

M = 0.1549

Using this ratio of molarities, there were found to be (3.92) 
(10-3) mole of primary phosphate ion and (7.84) (10-5) mole 
of the secondary. Based upon these figures and the as
sumption that only the four ionic species, C a++, N a +, 
II2PO4- , and IIPO .1 were present in significant quantities, 
it was found that (4.01) (10~3) mole of sodium ion was 
needed for electroneutrality. This compares well w ith the 
(4) (10~3) mole added.

A n alyses o f  S am p les
Samples of known mixtures of the primary with the sec

ondary and with the tertiary calcium phosphate were ana
lyzed for the primary phosphate w ith the results given in 
Table III. The data show that with the electrometric method 
the results are accurate.

T a b l e  III. A n a l y s e s  o f  S a m p le s

Analyst

Ratio of Primary, 
Secondary, and 

Tertiary Calcium 
Phosphate

Ca(HiPO«)rHiO
Present Found

C 8 -2 -0
%

80.00
%

79.98
K 8-2 -0 80.00 79.93
K 7 -3 -0 70.00 69.93
K 6 -4 -0 60.00 59.92
C 6-4 -0 60.00 59.96
C 4 -6 -0 40.00 39.94
K 8-0-2 80.00 80.06
K 7-0-3 70.00 69.97
K 6-0-4 60.00 60.06
K 6-2 -2 60.00 60.13

S u m m a ry
A new and accurate method for the determination of pri

mary calcium phosphate in mixtures of the calcium ortho
phosphates has been presented, in which the primary salt 
is determined by titrating to a pH of 5 .1 5  with 0.2 N  sodium  
hydroxide solution.
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A Rapid Method for Protein Dialysis
F. W. BERNIIART, L. EARLE ARNOW, A N D  A. C. BRATTON 

Laboratory o f P hysiological C hem istry, University o f  M innesota Medical School, M inneapolis, M inn.

TH E  usual methods for removing inorganic ions from 
proteins in the final stage of purification are time-con
suming and troublesome. If simple dialysis is employed, the 

time necessary for removal of the salt is extremely long. 
Collodion or Cellophane membranes suspended in large 
volumes of dialyzing solution may break, causing loss of the 
sample. According to Gortner (if), simple dialysis does not 
always remove the last traces of salts from colloids.

Electrodialysis of protein solutions containing high con
centrations of ammonium sulfate may result in acid dena- 
turation due to accumulation of sulfuric acid in the protein 
solution. In this laboratory, use of the equipment made 
from materials at hand, illustrated in Figures 1 and 2, has 
been found to decrease the time necessary for complete re
moval of salts from protein solutions. The protein solution 
is first dialyzed until the salt concentration is low and the 
remaining ions are removed by electrodialysis. (The dialyz
ing membranes used were purchased from the Visking Cor
poration, 4311 Justine St., Chicago, 111.)

S im p le  D ialyzer
A 2.5 (inside diameter) X 150 cm. Pyrex glass tube is fitted 

with a side arm as shown in Figure 1. Distilled water is ob
tained by distillation, using a 2-liter Pyrex flask and glass con
denser for this purpose. After passing around the protein so
lution, the wash water returns to the still by gravity flow. After 
being tested for leaks, a “1-inch” (actual diameter about 2.2 cm.) 
Visking casing of suitable length is tied by rubber bands to a 
funnel stem covered with rubber tubing. The lower end of the 
casing is tied with a cord and fastened to a 50-gram weight, and 
the empty casing is lowered into the Pyrex tube. About 100 cc. 
of water are poured into the glass tube to prevent strain on the 
membrane; the casing and funnel are filled with distilled water. 
The apparatus is connected to the still and distillation is started 
for the purpose of testing the operation of the apparatus and 
detecting possible leaks in the dialyzing membrane. By raising 
the lower end of the glass tube, the water is emptied from the

casing through the funnel. Protein solution is then placed in
side the casing and distillation is begun. The wash solution 
returning to the still is tested at intervals for inorganic ions, and 
when only a faint test is obtained, distillation is stopped.

D i s c u s s i o n .  Because the casing need not be removed 
from the tube to em pty its contents, mechanical injury to 
the membrane is obviated. The greatest hydrostatic pres
sure to which it is subjected is 20 cm. of water, the distance 
from the funnel top to the top of the casing. The casing 
will hold 600 cc., and the space between the filled casing and 
the glass tube has a volume of 50 to 100 cc. At a dis
tillation rate of 1200 cc. per hour, the dialyzing water is 
changed completely every 3 to 5 minutes. The casing, if 
left in the Pyrex tube and filled with water to which a few  
drops of toluene have been added will keep in good condition 
for at least 2 months. In case the membrane is broken, the 
volume of the protein solution is increased only 50 to 100 cc.

E lectrod ia lyzer
Platinum foil (8 X 0.1 X 130 mm.) is inserted through two 

two-hole stoppers, size four, glass tubing is fitted as illustrated, 
and the stoppers are inserted into the round wooden cover. A 
cooling coil is bent from 6-mm. glass tubing. A jar of conven
ient size may be made from a gallon bottle. Two 2.2-cm.

HO. RUBBER 
STOPPER 

SCREW CLAMP

BINDING POST 
WIRE FROM 
PLATINUM

THERMOMETER

TO RESERVOIR

METAL RIM 

WOODEN oovra 
PLATINUM r o l l .

F ig u r e  2 . E l e c t r o d ia l y z e r
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(1-inch) casings are tied separately, with cord, to each stopper 
to prevent leakage. The protein solution is placcd in the jar 
and covered with toluene. A 110-volt potential drop is applied 
across the electrodes. Distilled water is circulated around each 
electrode at a rate of about 400 cc. an hour, and tap water is cir
culated through the cooling coil. Electrodialysis is continued 
until tests for ions are negative.

As an additional chock for the absence of ions, an ammeter and 
voltmeter are placed in the circuit. Conductivity of distilled 
water placed in the jar at the same level as the protein solution 
is tested, and the value obtained is compared with the conduc
tivity of the protein solution.

E xpcrim en tal
An egg albumin solution (350 cc., containing 9 grams of 

ammonium sulfate and 35 grams of egg albumin) was dia-

lyzed for 14 hours in the simple dialysis apparatus described. 
The test for sulfate ion at the end of this time was faint. 
The volume of protein solution had increased to 600 cc. 
This solution, after 48 hours of continuous electrodialysis, 
had the same conductivity as the distilled water circulated 
through the apparatus. The final volume of the solution 
was 640 cc.

L itera tu re  C ited
(1) Gortner, R. A., ‘‘Outlines of Biochemistry,” p. 75, New York, 

John Wiley & Sons, 1929.
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Baume Hydrometer Correction Table for 
Sodium  Hydroxide Solutions

JOHN GRISWOLD , 1 U niversity o f  Texas, A ustin , Texas -

H E  table is a convenience in determining the concentra
tion of sodium hydroxide solutions by means of the Baume 

hydrometer for heavy liquids. The readily available hydrome
ter tables for sodium hydroxide solutions give the concen
trations versus degrees Baum6 at 20° C. referred to water at 
4° C. {1 , 2) .  However, the common Baum6 hydrometers are 
graduated at 60° F. relative to water at 60° F.

Table I  includes this density base correction and also a 
correction for the thermal expansion of the glass instrument. 
It corrects the hydrometer indication at any temperature 
between 50° and 130° F. to degrees Baum6 at 20° C. referred 
to water at 4 °  C. The per cent sodium hydroxide by weight 
m ay then be read from the handbook tables (1 ,2 ) .

T a b l e  I . B au m k  H y d r o m e t e r  C o r r e c t io n  T a b l e  f o r  
S o d iu m  H y d r o x id e  S o l u t io n s

Observed /---------------------------Indicated Degrees Baum6°----------------------------
Temp. 1 5 10 15 20 25 30 35 40 45
° F.

Degrees Baum6 at. 20 °/4 0 C
50 0 .6 4 5 9, 5 14 .5 19. 4 24. 4 29. 4 34 .4 39 .4 44,.4
52 0 .6 4. 6 9, 6 14 .5 19. 5 24. 5 29. 5 34 .5 39 .5 44,.5
54 0,,6 4 .6 9..6 14 .6 19. 5 24 .5 29 5 34 .5 39 .5 44 .5
56 0,.7 4 ,7 9, 6 14 .6 19 6 24..6 29 .6 34 .6 39 .6 44 .6
58 0 .7 4 .7 9., 7 14 .7 19. 6 24 .6 29, 6 34 .6 39 .6 44 .6
60 0 .7 4 .7 9..7 14 .7 19. 7 24. 7 29. 7 34..7 39 .7 44,,7
62 0 .8 4 .8 9 .8 14 .8 19. 7 24.,7 29., 7 34, 7 39 .7 44..7
64 0 .8 4..8 9 ,8 14 .8 19. 8 24..8 29. 8 34 .8 39 .8 44 .8
66 0 .9 4 .9 9,.9 14 .9 19 9 24,.9 29..9 34..9 39 .9 44,,9
68 0 .9 4 .9 9..9 14 .9 19. 9 24..9 29,,9 34 .9 39 .9 44 .9
70 0..9 5 .0 10..0 15 .0 20. 0 25..0 30 .0 35 .0 40 .0 45 .0
72 1 .0 5,.0 10..0 15 .0 20; 0 25..0 30. 0 35 .0 40 .0 45 .0
74 1 .0 5 .1 10. 1 15 .1 2 0 . 1 25. 1 MO 1 35..1 40 .1 45,. 1
76 1,,0 5..1 10,.1 15 .1 20 1 25,.1 30. 1 35..1 40 .1 45,.1
78 1 .1 5 .2 10. 2 15 .2 20. 2 25..2 30. 2 35. 2 40, 2 45,.2
80 1 .1 5. 2 10. 3 15 .3 20. 2 25, 2 30. 2 35. 2 40 .2 45,.2
82 1 .2 5,:5 10. 3 15 .3 2(1, 3 25, 3 30. 3 35 3 40 3 45,.3
§4 1 .2 5. 3 10. 4 15 .4 20. 4 25. 4 30. 3 35. 3 40..3 45.,3
86 1 .2 5..4 10..4 15 .4 20. 4 25. 4 30. 4 35. 4 40. 4 45. 4
88 1 3 5,,4 10. 5 15 .5 20. 5 25, 5 30. 4 35. 4 40. 4 45. 4
90 1 .3 5..5 10 .5 15 .5 20. 5 25. 5 30, 5 35. 5 40..5 45, 5
92 1 .4 5. 5 10. 6 15 .6 20. 6 25 6 30 5 35. 5 40..5 45. 5
94 1 4 5. 6 10. 7 15 . 7 20. 7 25. 6 HO. 6 35. 6 40. 6 45. 6
96 1 5 5. 6 10, 7 15 7 20. 7 25. 7 30. 7 35; 6 40. 6 45. 6
98 1 .5 5..7 10.,8 15 .8 20. 8 25. 8 30. 7 35. 7 40., 7 45. 7

100 1. 6 5.. 7 10. 8 15 .8 20. 8 25. 8 30. 8 35 ,7 40.. 7 45. 7
102 1 .6 5. 8 10. 9 15 ,9 20. 9 25. 9 30 8 35. 8 40. 8 45. 8
104 1 ,7 5, 9 11. 0 16 .0 21. 0 26. 0 30. 9 35. 8 40. S 45. 8
106 1,.7 5. 9 11. 0 16 .0 21, 0 26 .0 31. 0 35. 9 40.,9 45. 9
108 1.,8 6. 0 11. 1 16 .1 21. 1 26. 1 31. 0 36. 0 41. 0 45. 9
110 1..9 6. 0 11. 2 16 2 21. 2 26, 1 31. 1 36. 0 41. 0 46. 0
112 1. 9 6. 1 11. 2 16 ;2 21. 2 26. 2 31. 1 36. 1 41. 1 46. 0
114 2 0 6. 2 11. 3 16 .3 21. 3 26. 2 31. 2 36. 1 41. 1 46. 1
116 2. 1 6. 2 11. 4 16 .4 21. 3 26. 3 31. 2 36. 2 41. 2 46. 1
118 o 1 6. 3 11. 4 16 4 21. 4 26. 4 31. 3 36. 3 41. 2 46. 2
120 2 2 6. 4 11. 5 16 .5 21. 5 26. 4 31. 4 36. 3 41. 3 46. 2
122 2 !3 6. 4 11. 6 16, 6 21. 5 26. 5 31. 4 36. 4 41. 3 46. 3
124 0 ' 3 6. 5 11. 6 16., 7 21. 6 26. 5 31. 5 36. 4 41. 4 46. 3
126 2. 4 6. 6 11, 7 16.. 7 21. 7 26. 6 31. 5 36. 5 41. 4 46. 4
128 2 5 6., 7 11 8 16..8 21. 7 26. 7 31. 6 36. 5 41, 5 46. 4
130 2 5 6. 7 11 9 16..9 21. S 26. 7 31. 7 36. 6 41. 5 46. 5

a Using hydrometer correct at 60° /6 0 0 F.

The table is used in exactly the same manner as the A. P. I. 
hydrometer indication table for petroleum oils (3)— for ex
ample, if the observed degrees Baum6 at 1 2 0  °F . equal 2 0 .0 ,  
the degrees Baum6 at 2 0 °  C. equal 2 1 .5 .  Intermediate values 
may be readily interpolated.

As an illustration of the calculation used in constructing the 
table, take, for example, 3 2  per cent sodium hydroxide solu
tion: d f  =  1 .3 4 9 0 , and dj04 =  1 .3 3 6 2  (4).

The hydrometer is graduated to read degrees Baumd at 
6 0 °  F. relative to water at 6 0 °  F. ( 1 5 .5 6 °  C.).

The density at 1 0 4 °  F. relative to water at 4 °  C. is con
verted to the density relative to water at 1 5 .5 6 °  C. by divid
ing by a correction factor which is the relative density of 
water at 1 5 .5 6 °  C. to water at 4 °  C.

d lS 4,*  =  (1 .3 3 6 2 /0 .9 9 9 0 4 )  =  1 .3375

The average coefficient of cubical expansion of glass used 
for volumetric instruments is 2 5  X  10  6 per °C . or ( 2 5 /1 .8 )  X  
1 0 ~ 6 per ° F.

The volume of the hydrometer at 1 0 4 °  F. relative to its 
volume at 6 0 °  F. is

1 +  (2 5 /1 .8 )  (1 0 -« )  (104  -  6 0 ) =  1 .000611

The “apparent” or indicated density of the solution at 
1 0 4 °  F. is then ( 1 .3 3 7 5 )  ( 1 .0 0 0 6 1 1 )  =  1 .3 3 8 4 , or 3 6 .6 6 °  
Baum6 according to the conversion formula.

The density in degrees Baum6 of the 3 2  per cent solution 
at 2 0 °  C. referred to water at 4 °  C. taken from the handbook 
is 3 7 .5 .  Referring to the table, it is found that a hydrometer 
indication of 3 5 .0 °  at 1 0 4 °  F. is 3 5 .8 °  corrected. Adding the 
1 .7 °  which were dropped in order to use the closest column 
of the table, 3 6 .7 °  Baum<5 indicated at 1 0 4 °  F. are 3 7 .5 °  
Baum6 at 2 0 °  C., referred to water at 4 °  C.
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The Rare Earth Metals and Their Compounds
Therm al Analysis o f Rare Earth Nitrate M ixtures

LAURENCE L. QUILL, RICHARD F. ROBEY, AND SAM SEIFTER  
The Ohio S la te  University, C olum bus, Ohio

A m eth o d  o f  a n a lysis  is proposed w hich  
u tiliz e s  th e  ch aracteristic  m e ltin g  p o in ts  
o f  th e  hyd rated  sa lts  and  th e  liq u id u s  
curves o f  th e  b inary  sa lt  m ixtu res for the  
e st im a tio n  o f  th e  co m p o sitio n  o f  rare earth  
m ix tu res. Several b inary sa lt sy stem s were 
in v estig a ted , em p lo y in g  very pure sim p le  
and  d ou b le  rare earth  n itra tes  lo  provide 
b a sic  in fo rm a tio n  con cern in g  the p ossi
b ilit ie s  o f  th e  m eth o d .

IT WAS pointed out by Jantsch (S) and by Friend (2) that 
the double magnesium nitrates and the simple nitrates 

of the cerium group rare earth elements exhibit relatively 
low congruent melting points. The double nitrates corre
spond in composition to the formula Ce2Mg3(N03)i2-24H20, 
where the symbol Ce represents any one of the cerium group 
elements. Conclusive thermal analytical evidence for the 
existence of the double salts has been presented recently by 
Quill and Robey (4).

The simple nitrates crystallize in the form of the hexahy- 
drate, C e(N 03)3'6H20 , from water solution.

The quantitative analysis of most rare earth mixtures is a 
difficult matter, the most important methods in use today 
being the determination of the average equivalent weight, 
quantitative spectrographic analysis, and magnetic suscepti
bility measurements. All of these are very tedious, expen
sive, and yet not highly accurate.

Since the melting points are so characteristic for the vari
ous rare earth simple and double nitrates, it seems likely that 
the determination of the m elting temperatures of rare earth 
nitrate mixtures might be a means to the quantitative es
timation of the composition of the mixtures. This is pos

sible because (1) a true solid solution results upon the mix
ing of corresponding rare earth salts and (2) knowledge of 
the behavior of solid solutions in general permits the con
clusion that the melting temperatures of these mixtures arc 
related in a simple fashion to their compositions.

The determination of the position of the liquidus curve 
of a,binary rare earth salt system would yield the melting 
temperatures of all possible binary mixtures. Conversely, 
if the melting temperature of a mixture were determined, 
reference to the liquidus curve would yield the composition 
of the mixture. A thermal analytical method employing 
simple apparatus might be used in a very direct fashion to 
analyze rare earth mixtures and to follow the progress of 
separation of the rare earth elements’ in a fractional crystal
lization series.

T a b l e  I. C r y s t a l l i z a t i o n  T e m p e r a t u r e s  o f  t h e  R a r e  
E a r t h  a n d  B is m u th  M a g n e s iu m  D o u b l e  N i t r a t e s

Atomic Temperature
Number Element Jantsch (3) This investigation

° C. ° C. U)
57 La 113.5 113.5
58 Ce 111.5 112.0
59 Pr 111.2
60 Nd 109.0 108‘.8
62 Sm »6.2 92.0
64 Gd 77.5
83 Bi 70 .‘8

In a method of analysis which is dependent upon an inter
polation of a liquidus curve, the precision of the method will 
be a function of the difference between the crystallizing 
temperatures of the pure component salts. Accordingly, 
the melting points of the pure double magnesium nitrates 

of the cerium group elements as determined by Jantsch
(3) and by the authors’ investigations are given in 
Table I. The values have been plotted in Figure 1 
against the respective atomic numbers.

E xp erim en ta l
M a t e r i a l s .  The samarium and neodymium materials 

employed in this investigation were prepared from the pure 
oxides kindly lent by B Smith Hopkins of the Depart
ment of Chemistry, University of Illinois. The lantha
num nitrate was prepared as described in a previous 
paper (4). The arc emission spectra of these materials 
showed them to be free from foreign rare earth elements.

The cerium material was derived from the G. F. Smith 
Chemical Company’s pure analytical eerie sulfate r e a g e n t .  
The cerium was purified by three successive precipita
tions by the well-known basic bromate method (a proc
ess described in all textbooks on the rare earth ele
ments).

Ultimately the cerium was precipitated as the oxa
late, the oxalate digested with concentrated nitric acid 
on the steam bath, the solution evaporated to a sirup 
and taken up in water containing a little hydrogen 
peroxide. The absorption and the arc emission spectra 
showed that no rare earth elements other than cerium 
composed the resulting material.

Baker’s magnesium oxide of best purity with an un
usually low calcium content was used in the prepara
tion of the double magnesium salts. The magnesium 

and rare earth materials were dissolved in Grasselli’s “chemi
cally pure” nitric acid in the ratio of three to two gram-atomic 
weights, respectively, and the double nitrate was made to crys
tallize from the solution. A chemically pure grade of Baker’s 
bismuth nitrate pentahydrate was employed for the preparation 
of the bismuth double salt.
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The rare earth simple nitrates were crystallized 
from the nitric acid solution of the oxide, except 
cerium, in which case the oxalate dissolved. The 
resulting nitrate crystals were dissolved in water 
and recrystallized from water solution two or 
three times. All of the prepared salts were dried 
over 55 per cent sulfuric acid solution in a desic
cator before use.

P r o c e d u r e . Simple apparatus suffices for 
the thermal analysis of the low melting salts 
and their mixtures. The experimental method 
was that used by other investigators (1) with  
low melting salts. Briefly, it consisted of 
heating the prepared mixtures in Pyrex glass 
test tubes inserted in a well-stirred oil bath to 
a temperature somewhat above their melting  
temperatures. The constantly stirred mix
tures were then permitted to cool, the rate of 
cooling being d e t e r m i n e d  by means of a 
thermometer. The t h e r m o m e t e r  was com
paratively c a l i b r a t e d  w ith a Bureau of 
Standards certified instrument. The tempera
ture difference between the mixtures and bath 
was always kept as small as possible.

B in ary  S y stem

S a m a r iu m  a n d  B i s m u t h  M a g n e s i u m  D o u b l e  N i t r a t e s .  
Bism uth magnesium double nitrate is isomorphous in  the 
crystalline state with the cerium group rare earth magnesium  
double nitrates. The double magnesium nitrates are salts 
which are employed largely in the separations of the cerium 
group elements by means of system atic fractional crystal
lization.

Urbain’s modification of the usual methods of fractional 
crystallization consists in adding to the series a bismuth salt 
corresponding to the salt in crystallization. Since the salt 
possesses an intermediate solubility, it  greatly aids the sepa
ration of the binary mixtures of samarium and europium 
which otherwise separate only slowly. Bism uth thus acts 
as a separating element. I t  is also a good separating ele
ment bccause it can be easily removed after use.

In  adding bismuth magnesium nitrate to a series containing 
samarium magnesium double nitrate it  is evident that certain 
fractions after repeated fractional crystallization will become 
binary solid solutions of the bismuth salt in samarium mag
nesium double nitrate. The results of the thermal analysis 
of a series of these binary mixtures of known composition are

j

?>0>-Qi
O

F ig u r e  3 . L iq u id u s  C u r v e s
Solid lino, cerous and samarium magnesium double nitrates. Broken line, neodymium and

samarium magnesium double nitrates

20 4 0
ftR CeNT,

6 0

given in Table II, which has been derived from time-differ
ential temperature cooling curves of the various mixtures, 
and are plotted in Figure 2.

T a b l e  II. C r y s t a l l iz a t io n  T e m p e r a t u r e s  o f  B i n a r y  
S y s t e m s

Bismuth and Samarium Magnesium 
Double Nitrates 

Samarium
double salt 

Weight per cent
100.0

7 6 .8
6 0 .0
5 0 .0
4 0 .0
3 0 .0
20.0  
10.0

0. 0

Temperature 
° C.
9 2 .0  
9 0 .9
8 7 .0
8 5 .0
8 3 .0
8 0 .0
7 7 .7  
7 4 .5
7 0 .8

Cerous and Samarium Magnesium  
Double Nitrates 

Samarium
double salt 

Weight per cent
100.0

9 0 .0
8 0 .0
7 0 .0
5 0 .0
3 0 .0
20.0  
10.0

0. 0

Temperature 
° C.
9 2 .0
9 6 .1  
9 9 .5

10 3 .2
10 6 .2  
110.0 
110.8 
11 1 .5  
112.0

F ig u r e  2 .

S M , MO j  ( N O , ) , !  .2 4  M ,o

L iq u id u s  C u r v e  o f  S y s t e m  B is m u t h  a n d  S a m a r iu m  M a g n e s iu m  
D o u b l e  N i t r a t e s

Slight losses of water were noted, especially among the 
higher m elting mixtures on repeated détermination. The 
crystallization temperature was identified by the “halt” point 
in the cooling curve produced by the formation of a crystalline 
precipitate, probably the anhydrous double salt. The mix
tures remain fluid during this period. Final solidification 
does not occur until a much lower temperature is reached 
at which time only a negligible halt point is observed.

S a m a r iu m  a n d  C e r iu m  M a g n e s i u m  D o u b l e  
N i t r a t e s .  A study of the binary system  
cerium and samarium magnesium double ni
trates would provide further information con
cerning the form of the liquidus curve. N atu
rally the data would be of little direct value 
since mixtures of cerium and samarium are 
seldom encountered.

The results of the thermal analysis of the 
binary mixtures are given in Table II and 
plotted with the solid line curve in Figure 3.

A  comparison of Figures 2 and 3 show's that 
the liquidus curves in both cases have practi
cally the same form. I t  wras found that both 
curves can be expressed approximately b y  the 
same mathematical equation. The composi
tion of a mixture is related to the crystalliz
ing temperature of the mixture by the equa
tion

P  = 5 0  [ ( /2 -  4 F ) l / t  - / ]  
where P  is the weight per cent composition of 
the mixture
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= t!ci3 -  32</2 -  63d -  16"
16

'6 3  +  16d  -  d - -  
16

T a b l e  III. C r y s t a l l iz a t io n  T e m p e r a t u r e s

D

d  =  the difference in degrees between the crystallizing tem
peratures of the two pure components, and 

D =  the difference in degrees between the crystallizing tem
perature of the mixture and that of the lower melting 
component

F ig u r e  4 . V a r ia t io n  o f  S o l id if ic a t io n  T e m p e r a t u r e s  
( M e l t in g  P o in t s ) o f  H e x a h y d r a t e d  C e r iu m  G r o u p  

N it r a t e s  w i t h  A t o m ic  N u m b e r

It is not unreasonable to assume that this empirical equa
tion would be valid also for the liquidus curves of the other 
closely related rare earth double nitrate systems which pos
sess a similar value of d ;  and that curves derived from this 
empirical equation might be used for the analysis of binary 
mixtures.

To test the validity of this method of analysis the compo
sition of an “unknown” mixture was determined as follows:

1. The derived liquidus curve of the binary system neo
dymium and samarium magnesium double nitrates was 
plotted according to the above equation. It is given as the 
broken line curve in Figure 3.

2. A sample of crystals was removed from an interme
diate portion of a fractionation series containing the mixed 
double magnesium nitrates of neodymium and samarium. 
The crystallization temperature of the sample was deter
mined and found to be 100.0 If the curve is the correct one, 
the composition of the mixture is represented by point A  on 
the theoretical curve and the fraction is composed of approxi
m ately 30 per cent neodymium and 70 per cent samarium.

3. The composition of the sample was then 
changed successively by adding known weights 
of pure neodymium magnesium nitrate, the 
crystallization points redetermined and com
pared with the values predicted from the 
curve. The results are given in Table III.

From this it  is possible to conclude that 
the predicted curve falls very near to the true 
liquidus of the system.

H e x a i i y d r a t f . d  C e r o u s  a n d  L a n t h a n u m  
N i t r a t e s  a n d  H e x a h y d r a t e d  C e r o u s  a n d  
N e o d y m iu m  N i t r a t e s .  The simple nitrates 
also are amenable to study in binary systems 
with the view  to employing the data for analyz
ing mixtures. The easily separable element, 
cerium, has been chosen as one constituent for 
the mixtures.

The melting points of the pure simple hexa
hydrated nitrates as determined recently by

Point Composition
Crystallization Temperature 
Predicted Observed

A 30 per cent Sm salt
0 C. 0 C. 

100.0

B
Changed to 

50.0 per cent Sm salt 104.2 104.0
C

Changed to 
20.0 per cent Sm salt 107.4 107.2

T a b l e  IV. S o l id if ic a t io n  T e m p e r a t u r e s  o f  t h e  C e r iu m
G r o u p  S im pl e  H e x a h y d r a t e d  N it r a t e s

Atomic Temperature
Number Element Friend (£) This investigation

° C. ° C.
57 La 65.4 66.5
58 Ce 51.4
59 Pr 56.0
60 Nd 67.5 64.1
62 Sm 79.5
64 Gd (98%) 87.0

T a b l e  V. S o l i d i f i c a t i o n  T e m p e r a t u r e s  o f B in a r y  S y s t e m :
Hexahydrated Lanthanum and Hexahydrated Neodymium and

Cerous Nitrates Cerous Nitrates
Hexahydrated Hexahydrated

lanthanum nitrate Temperature neodymium nitrate Temperature
Weight per cent ° C. Weight per cent 0 C.

100.0 66.5 100.0 64.1
90.0 63.5 90.0 62.8
80.0 63.0 80.0 62.0
70.0 61.9 70.0 60.0

"60.0 60.0 60.0 58.0
50.0 58.4 50.0 56.0
40.0 57.5 40 .0 53.8
30.0 56.4 30 .0 53.5
20.0 55.0 20 .0 53.0
10.0 53.7 10.0 51.8
0 .0 51.4 0 .0 51.4

Friend (Ü) and by the authors are given in Table IV. These 
values have been plotted against the respective atomic numbers 
in Figure 4.

The value of the solidification temperature of the gado
linium nitrate should be taken only as indicative of trend, 
since the perfectly white salt was labeled 98 per cent pure as 
purchased from the A. D . M ackay Company.

In observing the cooling curves of the molten hexahydrated 
nitrates, a slight halt is noted when a slight cloudiness makes 
its appearance. It is probably due to a lower hydrate. The 
major halt point, unlike the double magnesium nitrates, is 
found at the point of apparently complete solidification.

The solidification temperatures for the binary systems 
hexahydrated lanthanum and cerous nitrates and hexahy
drated neodymium and cerous nitrates are given in Table V. 
The liquidus curves have been plotted in Figure 5. Both  
liquidus curves are very roughly linear between the points

O, hexahydrated lanthanum and cerous nitrates.
cerous nitrates

hexahydrated neodymium and
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F ig u r e  6 . E f f e c t  o f  N it r ic  A c id  o n  S o l id if i
c a t io n  T e m p e r a t u r e  o f  H e x a h y d r a t e d  L a n t h a 

n u m  N it r a t e

representing the pure components. The irregular features 
of the curves are probably due to the effect of the formation 
of eerie cerium by autoxidation of the cerous nitrate at the 
elevated temperature. The colorless cerous salt and color
less mixtures containing the salt retained a slightly yellowish 
cast after heating. Titration of the eerie cerium thus formed 
by standard ferrous solution, using orthophenanthroline 
ferrous complex indicator in dilute sulfuric acid solution, 
showed that the eerie concentration never exceeded 1 percent.

The necessity of obtaining the crystallized hexahydrated 
nitrates free from small amounts of residual impurities, such 
as nitric acid, is emphasized by the data plotted in Figure 6. 
Less than 1 per cent of the acid lowers the solidification point 
several degrees.

An inspection of Figures 2 and 4 reveals that the following 
frequently associated pairs of simple nitrates and double 
magnesium nitrates possess crystallization temperatures 
sufficiently far apart to be useful in analysis through their 
binary liquidus curves: mixtures of the hexahydrated ni
trates of (o) lanthanum and cerium, (b) lanthanum and 
praseodymium, (c) praseodymium and neodymium, (d) cerium 
and neodymium, and (e) neodymium and samarium, and 
mixtures of the double magnesium nitrates of (a) samarium  
and neodymium, (6) samarium and bismuth, and (c) sama
rium and gadolinium.

S u m m a ry  and C on clu sion s

The liquidus curves of certain binary system s of the simple 
and double magnesium nitrates of the cerium group of rare 
earth elements were investigated. All form a continuous 
series of solid solutions with corresponding rare earth and 
bismuth salts.

A method is proposed whereby quantitative estimation  
of the composition of rare earth nitrate mixtures can be ac
complished by obtaining the freezing temperature of the 
nitrate mixture and the composition of the mixture deter
mined by reference to the liquidus curve.

Further investigations of rare earth salts in binary, ternary, 
and even quaternary systems are obviously necessary in order 
to realize the full value of the method.
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The Evaluation o f Rubber and Rubberlike 
Compositions as Vibration Absorbers

Apparatus for A utom atic R ecording

FELIX L. YERZLEY, Organic C hem icals D epartm en t, E. I. tlu P on t dc N em ours & Co., Inc., W ilm in gton , Del.

TH E increased amount of information required for struc
tural applications of rubber and neoprene reveals un
m istakably the inability of available test equipment to pro

vide the information m ost needed by design engineers. On 
the basis of present tests it is extremely difficult for an engi
neer to select the material best suited to a given use. He 
may write his specifications for rubberlike materials much as 
he would write specifications for steel, and often fails to 
recognize that the essential differences between the mechani
cal characteristics of rubber, rubbeçlike materials, and steel 
require different methods of evaluation. Rubber goods 
manufacturers, on the other hand, may not always appreciate 
the problems of mechanical engineers. The attainment of a 
common basis of test is important, therefore, and the test 
equipment described in this paper is offered as a step in that 
direction. The present paper is limited to factors involved in 
the evaluation of rubber and rubberlike compositions as 
vibration absorbers.

It is necessary at the outset to have a clear understanding

of the field of application for rubber mountings. Metallic 
springs have been used for mountings for many years and 
satisfactorily meet man)’ needs. They possess resilience to a 
remarkable extent, which under certain conditions is highly 
desirable, but where oscillation must be absorbed they usually 
require a shock absorber of one of the conventional types as 
auxiliary apparatus. The peculiar virtue of rubber or a 
rubberlike composition as a mounting material is that it has 
within itself the ability to damp out vibration. This damping 
implies the conversion of mechanical energy into heat.

We shall assume that the characteristics of a vibrating ma
chine are thoroughly known and that this machine is to be 
mounted on a framework in such a way that excessive shocks 
will not be transmitted to the frame, and oscillations of high 
amplitude will be prevented. To m eet the first condition it is 
necessary to provide a composition of the proper modulus, 
which will extend the time element in shock sufficiently to 
reduce considerably the force transmitted.

To meet the second condition it is necessary to consider the



AUGUST 15, 1937 ANALYTICAL EDITION 393

critical speeds of the complete assembly. We will assume 
that by selecting material with a sufficiently low modulus the 
critical speeds will be kept low. This simplifies the problem 
by reducing the required energy absorption to oscillations at 
low frequencies, a condition naturally favorable to the dura
bility of the vibration-damping composition. At critical 
frequencies every impulse serves to increase the amplitude of 
oscillation of the machine; hence, it is at critical frequencies 
that the vibration damper must absorb the maximum amount 
of energy.

F ig u r e  1

N o composition for mechanical mountings will be satis
factory unless throughout its life it maintains its original 
elastic characteristics and form to a reasonable degree. For 
example, it is desirable that the characteristics of a vibration 
damper remain reasonably fixed over a wide range of tem
peratures. However, the art of compounding does not yet 
appear to have reached the goal where no changes in modulus 
and damping characteristics occur with changes in tempera
ture. Since complete elimination of temperature dependence 
is not possible, a suitable tolerance must be allowed in the 
original plans.

Tolerance must also be allowed for change in form. Ob
viously a thermoplastic material is not suitable; yet all rubber 
and rubberlike materials will show a certain amount of per
manent deformation under the influence of the dead load. 
Thus, some slight drift must be expected and in almost all 
instances can be allowed for in design.

Other factors affecting permanence are principally resist
ance to  oxidation, fatigue, excessive heat build-up, and 
deterioration in oils or active chemicals. In considering me
chanical fatigue it is obvious that a stock cannot be used be
yond a certain allowable stress. This limits not only the 
original applied load but also involves the extent of motion in 
vibration. The intensity of the load is related to the question 
of permanent set, structural disintegration upon repeated 
working, and extent of heat build-up. The temperature rise 
during the use of a vibration damper must not be excessive. 
The limitations of temperature rise are dictated by the resist
ance of the stock to progressive cure and to deterioration 
when exposed to air, ozone, and solvents. Oil resistance can 
be eliminated as a factor by special features of design, which 
shield the stock from contact with lubricants, but the neces- 
sity  of shielding from the lubricants may so restrict the design 
as to limit its suitability. For that reason, there are many 
instances requiring a stock which is itself inherently oil- 
resistant.

Mechanical tests must reveal several characteristics. It is 
necessary to know the static stress-compression characteris
tics of a proposed vibration absorber. This characteristic 
determines the allowable load per unit area and is a primary 
factor in the appearance of drift under a dead load over long 
periods of time. The test should also reveal the dynamic

modulus of the stock as a quality definitely distinguished from 
static modulus. It is true that the static and dynamic moduli 
will be very nearly the same if the stock is highly resilient, but 
high hysteresis causes a difference to appear between the two. 
Since the dynamic modulus should be considered in properly 
relating the design of a motor mounting to the frequency 
characteristics of the motor, the necessity of properly evaluat
ing it should not be overlooked.

The rate of absorption of energy is important. This is the  
damping feature of the mounting, and since it is a significant 
factor in choosing rubber, for example, in preference to steel 
springs, a ready means for its evaluation is extremely impor
tant.

Another factor very important in design is the knowledge of 
the deflections which will result from the application of a given  
shock load. Although it is possible to calculate the permis
sible dead load from the static characteristics and to limit the  
drift by keeping this below certain limits, the question of al
lowable deformation must be dealt with as a dynamic con
sideration. Here again hysteresis characteristics and static 
modulus determine the dynamic hardness. The term “dynamic 
hardness” is used in this paper to represent the dynamic rela
tionship between impact load and deflection. Thus, a stock  
with high hysteresis and a given static modulus shows a greater 
dynamic hardness than a stock with the same static modulus 
and low hysteresis.

The rapid measure of drift occurring in the first minute of 
loading may be an indication of the drift to be expected over 
a more extended period of time, but this does not necessarily 
follow. However, drift over one period of time is of interest 
and such data can at times be an indication of trends which 
are undesirable. It is necessary to distinguish clearly be
tween the sluggish action which characterizes a high hysteresis 
stock and the definite plastic flow which is characteristic of 
undercured rubber or rubberlike materials and thermoplastic, 
materials.

A pparatus

The apparatus which is described in this paper combines 
measurements hitherto not accessible from simple apparatus, 
and is a means of evaluating rubber and rubberlike composi
tions both statically and dynamically. Figures 1 and 2 
illustrate the construction.

The machine consists of an unbalanced lever with a 20-pound 
weight on one end and a 10-pound weight on the other, pivoted on 
a knife edge at the midpoint of its length. The test piece is a 
small rubber cylinder 0.75 inch in diameter and 0.5 inch high. 
During the test this is compressed between a stationary horizontal 
surface and the upper surface of the unbalanced lever in such a 
position that the compression of the test specimen resists the 
tendency of the 20-pound weight to fall. Thus, if the heavy end 
of the lever is lifted and then released, the test specimen is sub
jected to a shock load and is distorted beyond the static equilib
rium position. In this way an oscillating system is established

F ig u r e  2
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and the 20-pound weight rises and falls while the test specimen 
goes through various degrees of compression. Each oscillation 
is smaller than the previous one, owing to the internal friction or 
mechanical hysteresis of the test piece, and eventually the lever 
comes to rest. A hook shown in the left foreground of Figures 1 
and 2 secures the weight initially in a definite position and is ad
justable in height. By releasing the hook, the weight falls from 
a predetermined height, and the energy input is determined by 
multiplying the height through which the 20-pound weight falls 
by the number of pounds of unbalanced weight.

A pen mounted on the heavy end of the lever traces a record on 
a revolving drum which is driven by a synchronous motor. Thus, 
the amplitude and frequency of the oscillations can be perma
nently preserved for analysis.

Figure 3 (upper) is an actual test result obtained from a 
fairly resilient composition. Line A  is the zero reference 
made by lowering the pen to the surface of the drum and al
lowing the drum to rotate through one revolution with the 
pen in a stationary position. On the second revolution the 
heavy end of the lever is released at point B. Point C  repre
sents maximum compression of the pellet, and the distance 
from C to the line A  is a measure of dynamic hardness. The 
line BC  is a graphic indication of the response of the test speci
men to an impact load. Subsequent oscillations indicate the 
rate a t which the impact is absorbed. If successive ampli
tudes rapidly diminish, the composition is one which will not

T a b l e  I. C o m p o u n d s  T e s t e d

No. 1 No. 2 No. 3
Smoked sheets 100. 100. 100.
Zinc oxide 5. 5. 5.
Channel black 40. 40.
Soft carbon black® 20.
Stearic acid i . 5 1.5 ' i ' . 5
Pine tar 6. 6.
“ D ” Phenyl-0-naphthylamine 1. 1. ‘i!
Zenite B& 0 .8 0 .8 0 .8
Sulfur 3. 3. 3.

No. 4 No. 5 No. 6
Neoprene type E 100. 100. 100.
Extra light calcined magnesia 10. 10. 10.
Channel black 25. 50.
F F  rosin '5 . 5. 5.
“ D ” Phenyl-/S-naphthylamine 0 2. 2
Sulfur V. 1. l!
Zinc oxide 5. 5. 5.
Press cure:

Cpn\j20unds 1 and 2, 40 minutes at 40 pounds’ steam pressure (141.5° C.) 
Compound 3, 25 minutes at 40 pounds’ steam pressure (141.5° C.) 
Compounds 4 to 6, 40 minutes at 60 pounds’ steam pressure (153° C.)

a P. 33 was used.
& 90 per cent *inc salt of mercaptobenzothiazole-10 per cent diorthotolyl- 

guanidine.

T a b l e  II. R e s u l t s  o f  T e s t s

Compound
Dynamic
Hardness

Static
Hardness

Amplitude 
of Sixth 

Rebound

Resili
ence,
%

Shore
Durometer
Hardness

3 138 87 49 56 38
4 128 86 11 13 41
1 119 84 2 2 52
2 108 77 0 2 57
5 69 3 5 56
6 ‘ 71 53 1 2 74

readily support vibration at critical frequencies. 
The rapidity with which the oscillation record 
crosses the time axis is an indication of fre
quency and is related to the value of the 
dynamic modulus under the given test condi
tions.

Figure 3 (lower) is an actual test result ob
tained from a composition with much lower 
resilience.

If a stock has a tendency to drift under a 
dead load, this can readily be detected by al
lowing the drum to rotate through two or three 
revolutions when the lever is resting in its static 

equilibrium position. Qualitative information of this sort 
m ay often be useful.

A p p licab ility

To illustrate the applicability of the test to the evaluations 
of a variety of compounds, static and dynamic characteris
tics of six rubber and neoprene compositions (Table I) are 
given. Shore durometer hardness is also given to provide a
rough basis of comparison with present test methods (Table

n >-
Dynamic hardness, static hardness, and the amplitude of 

the sixth rebound are given in arbitrary units of hundredths 
of an inch as measured on the autographic record. The ratio 
of the amplitude of the sixth rebound to the original elevation  
of the 20-pound weight is arbitrarily taken as the figure for 
the resilience of the stock.

There is no reliable correlation between shore durometer 
hardness and dynamic hardness as evaluated by this test. 
The durometer makes a surface test, whereas the apparatus 
described herein makes a volume test, which is obviously in 
closer agreement with the loading to which a motor mounting 
is subjected.

Compounds 3 and 4 have approximately the same static 
hardness. Compound 4, however, shows noticeably greater 
hysteresis since the resilience is lower. This factor contrib
utes to the lower measured dynamic hardness of 128 as com
pared with 138 for compound 3. Compounds 1 and 2 are 
rubber stocks having high hysteresis and are presented to 
show the differences in hardness revealed by this test both 
dynamically and statically. Compounds 5 and 6 are neoprene 
stocks.

The machine can be designed for use either in an oven or 
a refrigerator by mounting the recording mechanism outside 
of the box and by providing a remote control of the weight- 
release mechanism. B y such an arrangement tests of a given 
test piece can be made over a wide range of temperatures. 
If a stock is reasonably oil-resistant, its characteristics before 
and after an immersion test can be compared. The machine 
can also be used as a valuable auxiliary to one of the existing 
fatigue machines, to evaluate a test piece periodically through
out the duration of a life test.

S u m m a ry

The equipment is simple and foolproof. It provides an 
autographic record in a few seconds, from which can be evalu
ated dynamic hardness, dynamic modulus, internal friction, 
static hardness, and drift.

It can be used to test rubber and rubberlike compositions 
over a very wide range of temperatures—for example, from 
—40° to 150° C.—for testing compositions which have been 
exposed to solvents or gases, and in conjunction with a fatigue 
machine for evaluation at various stages in a life flexing test.

R e c e iv e d  April 17, 1937. Presented before the Division of Rubber Chem
istry at the 93rd Meeting of the American Chemical Society, Chapel Hill, 
N. C., April 12 to 15. 1937.



Differentiation of Oils by Enzymic Hydrolysis
A gar P late M ethod and Its Application to the D etection o f  Adulteration  

o f Butterfat (Ghee)
K. VENKATA GIRI AND P. N . BHARGAVA, D epartm ent o f  B iochem istry, Indian In stitu te  o f  Science, Bangalore, India

THE use of enzymes as reagents is now being increasingly 
adopted in analytical practice. Because they are more 

selective in their action, enzymes are replacing other chemi
cal methods for the determination and detection of complex 
substances of biological importance. It is possible to use 
certain enzymes as reagents for the differentiation of com
plex substances like starches, fats, and proteins, and in such 
cases their use promises to be of considerable value. The 
m ost striking examples of such usefulness are to be found 
with amylase and lipase. In previous communications 
(1, 8, li) from this laboratory the use of amylase for the dif
ferentiation of starches and cereal flours and their detection 
in mixtures have been indicated.

In the present investigation the copper-soap test de
scribed by Carnot and Mauban (2) for the detection of li
pases has been modified and extended to the differentiation of 
fats and oils. The m ethod to be described takes advantage 
of the difference in the fa tty  acids of oils hydrolyzed by 
lipase, which form soaps w ith copper sulfate. The copper 
soaps obtained from the fa tty  acids of butterfat are sharply 
distinguished from those obtained from other oils, in that 
they produce different colors when treated with iodine solu
tion. A  method for the detection of other oils in butterfat 
based on this fact is also described in the present paper.

R ea g en ts  and  A pparatus
A saturated solution of copper sulfate, a 0.01 N  solution of 

iodine in potassium iodide, and 3 per cent agar media, contain
ing 0.2 gram of soluble starch in 100 cc. A known amount of 
agar ana soluble starch were weighed, added to water, and steri
lized in an autoclave for about 15 minutes. The melted agar 
was then made up to the required strength.

Acetic acid-acetate buffer, 0.2 M  (pH 6.0).
Pancreas extract. Pig’s pancreas was treated with acetone 

and ether and 10 grams of the dry powder were extracted with 
60 cc. of 85 per cent glycerol for about 2 to 3 hours at laboratory 
temperature and centrifuged. One cubic centimeter of the 
glycerol extract was diluted to 3 cc. with water.

Petri dishes, 7.5 cm. (3 inches) in diameter.

E xperim ental Procedure
P r e p a r a t io n  o f  S a m pl e s . In India clarified butter is 

known as ghee. Pure ghee is made exclusively from butter, 
from which the water has been evaporated by heat and which 
contains no admixture of any substance not derived from 
the milk of the cow, buffalo, goat, or sheep. The samples 
of pure ghee employed in the present study were kindly 
supplied by the Imperial D airy Expert, from a herd at the 
Imperial Dairy Institute, Bangalore. Other samples of 
pure ghee from the milk of buffalo, cow, and goat were pre
pared in the laboratory by collecting the thick layer of “skin” 
which formed when boiled milk was left at a moderately warm 
temperature and by churning in a household butter chum. 
The buttermilk or whey was separated from the fat, which 
was gently heated, strained, and stored.

Group
1
2
3

T a b l e  I. T e s t s  o f  P c r f .  O i l s
Oil or Fat Color of Central Zone

Pure ghee (cow, buffalo, goat) 

Coconut oil
Sesame, groundnut, mahua, 

safflower, lard, castor

Dirty yellow with faint 
green tint 

Green

Bluish green

The oils were prepared in the laboratory by crushing the  
seed and subjecting it to hydraulic pressure in the cold. 
The expressed oils were neutralized with alkali and clarified 
by washing, heating, and finally filtering after treatment 
with fuller’s earth.

P r o c e d u r e .  Three cubic centimeters of the melted agar 
while still warm were transferred to a test tube, and 1 gram of 
the oil under examination and 1 cc. of acetic acid-acetate buffer 
were added. The mixture was shaken vigorously for a minute 
and then poured at once into a petri dish. On solidification, 
one drop of the pancreas extract was placed on the center of 
the agar plate with a pipet, and the enzyme was allowed to 
diffuse through the agar gel for about 20 hours at room tempera
ture (26° C.). At the end of this period the plate was flooded 
with 10 cc. of a saturated solution of copper sulfate for 5 minutes 
and poured out. The surface was rinsed with water, again flooded 
with 10 cc. of 0.01 N  iodine solution for 2 minutes, and finally 
rinsed with water.

After this treatment, two distinct zones surrounded by a 
violet background, c, could be clearly seen at the center of the 
plate. The form of the zones is given in the Figure. The  
outer zone, b, was entirely colorless, while the central zone, 
a, was colored either dirty yellow, green, or bluish green, 
depending on the nature of the oil. The formation of the  
colorless outer zone, b, is due to the hydrolysis of starch by  
the action of amylase present in pancreas extract, and the 
central zone, a, is formed by the hydrolytic action of the 
lipase on the oil. The fatty  acids thus liberated form soaps 
with copper sulfate, which produce zones of different colors 
with iodine, depending on the nature of the fatty  acids liber
ated.

Several pure samples of butterfat and other oils were 
tested by the method just outlined and the results of the 
tests are reported in Table I.

It is clear that butterfat can be easily differentiated from  
other oils by its characteristic color zone. The color of the 
central zone produced by different oils depends on the glycer
ides of which they are composed. Butterfat differs es-
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sentially in composition from all other oils and fats except 
coconut and palm -kemel oils in having a large percentage of 
steam-volatile and water-soluble fatty acids. Moreover, 
butyric glyceride, which is so prominently present in butter- 
fat, is not present in coconut and palm-kemel oils, and it is 
this important and least variable constituent which differen
tiates butterfat from alm ost all other known fats.

The special influence of butyric glyceride and other solu
ble volatile fatty  acids contained in butterfat on the color 
of the central zone is clearly seen by comparing the colors 
obtained when the fatty acids are impregnated in agar me
dium and flooded with the reagents. Table II gives the re
sults obtained with different fatty acids when they are im
pregnated in agar medium and flooded with the reagents. 
In som e cases, particularly in fatty acids having higher 
melting points, the methyl or ethyl esters of the acids were 
used. The esters were impregnated in the agar medium  
and flooded with the reagents after hydrolysis with the pan
creas extract.

T a b l e  I I . T e s t s  o f  F a tt y  A cids

Colors Obtained after Flooding with Reagents 
Copper Copper sulfate

F atty  Acids sulfate Iodine and iodine
Butyric Colorless Yellow Yellow
Caproic Light blue Yellow Greenish yellow
Caprylic Light blue Yellow Greenish yellow
Capric Light blue Light yellow Blue
Laurie Blue Traces of yellow Blue
Myristic Blue Traces of yellow Blue
Palmitic Blue Traces of yellow Blue
Stearic Blue Traces of yellow Blue
Oleic Blue Light yellow Bluish green

It  follows that the formation of the yellow color is mainly 
due to the presence of butyric, caproic, caprylic, and capric 
acids in some of the fats. The predominance of yellow in 
the color zone produced by butterfat is due to the presence 
of the above acids and of butyric glyceride, which reacts only 
with iodine and not w ith copper sulfate to produce the yellow  
color. Butterfat and coconut oil produce yellow-colored 
central zones, w'hen treated w ith iodine after hydrolysis with 
the pancreas extract, the intensity of the color being less in 
the case of coconut oil. Only butterfat and coconut oil 
contain notable amounts of these acids which materially 
contribute to the yellow color of the central zone. These 
acids are more or less soluble in w'ater and volatile with 
steam. I t  is on this principle that the Reichert-Meissl values 
which are usually employed for the determination of the 
purity of butterfat are based. The relationship of this test 
to  the Reichert-M eissl value is very important and may 
give useful information.

This test has been applied to butterfats from different 
sources and the results obtained are of interest in establish
ing the relationship between the Reichert-M eissl value and 
the color test. Thus, fats from ass’ and human milk give 
bluish green color zones, while the butterfats obtained from 
buffalo’s, cow-’s, and goat’s milk produce a yellow color. 
These observations are in conformity with the Reichert-Meissl 
values of these butterfats, since the Reichert-Meissl values 
of ass’ and human milk fats have been found to be too low 
(ass =  13.1; human =  15.8) while those of buffalo, cow, and 
goat lie between 20 and 36.

D etectio n  o f  A d u ltera tio n  o f  B u tter fa t

The purity of butterfat is generally ascertained by deter
mining the analytical constants in the sample. But the 
various constants of pure butterfat are subjected to wide 
variations depending upon the nature of the animal, the 
season, and the type of food and no single method has been 
satisfactory' for the determination.

Ghee is a very important article of diet in India, and since 
adiilteration is being extensively practiced here, a simple 
and convenient method for the detection of adulteration is 
needed. The method outlined is very well suited for 
this purpose. The test wras therefore extended to known 
samples of pure ghee, adulterating them with known oils 
in various proportions. It was found that the color of the 
adulterated sample, on comparison with the color of the 
central zone produced by pure ghee, was changed from dirty 
yellow to bluish green, the intensity depending on the con
centration of the adulterant. The addition of any of the 
oils belonging to groups 2 and 3 (Table I) always had the effect 
of increasing the bluish green tint, thereby altering the color 
of the central zone characteristic of pure ghee. The admix
ture of 20 per cent and more of sesame groundnut, coco
nut, lard, and other oils with a sample of pure butterfat 
could readily be detected by this method.

The depth of bluish green color of the central zone is to a 
certain extent proportional to the amount of the other oil 
present in butterfat, and by making comparative tests with 
mixtures of butterfat and the oil in various proportions some 
idea as to the amount of the adulterant can be obtained.

Samples of pure ghee stored in bottles and tested after 
about a year produced zones having the same color as that 
of a pure fresh sample. The entire surface of the agar plate 
was colored light green when flooded with copper sulfate, how
ever, probably because of the presence of fatty acids formed 
in the sample after storage. It is hoped that with the help 
of a tintometer the test can be standardized in terms of the 
color units, and that a standard color unit for pure butterfat 
can be established.

O ther A p p lication s

In addition to effecting the differentiation of oils and the 
detection of adulteration of butterfat, the test gives a com
parative idea of the relative micellar weights of the two en
zymes, amylase and lipase. I t  can be seen from Figure 1 
that the amylase diffuses through the gel more rapidly than 
the lipase, probably because the amylase is associated with 
colloids of relatively small molecular size and lipase with  
colloids of large molecular size. Based on this difference in 
properties it should be possible to separate the enzymes 
from one another by physical methods.

The method is capable of wide application in the de
tection of lipases. It can also be usefully employed in fol
lowing the changes in the activity of the two enzymes which 
always occur together in pancreas. The method is well 
adapted to the classroom, as a demonstration experiment 
to show the enzyme makeup of pancreas, the nature and 
mode of enzyme action, and the difference in chemical com
position of butterfat and other oils.

I t is believed that this method is applicable to the needs 
of analysts. N o elaborate technic or special apparatus is 
required, and the method furnishes a visible record which 
can be employed as a simple domestic test.to  detect the adul
teration of butterfat.

A ck n ow led gm en  t

The authors’ thanks are due to V. Subrahmanyan for his 
keen interest in the present investigation.
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Surface Effects of the Platinum Metals 
on Silver Assay Beads
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F ig u r e  2 . P l a t in u m -S il v e r

Magnification, X 30. Weight, 40 mg. 
Left, I to 50 
Right, 1 to 60
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determine the minimum percentages of each of the platinum  
metals which would yield specific surface phenomena.

Byers (2) described surface effects on the binary systems, 
platinum metals-silver, stating that characteristic effects 
are visible in silver beads containing as low as 0.1 per cent of 
platinum. The authors have made some 1000 platinum m etals- 
silver cupellations with subsequent examination for surface 
phenomena and have not been able to confirm this conclusion. 
Byers (8) described the effects of osmium on silver beads, 
but did not state how the composition of the beads was de
termined; it is probable that the proportions of osmium and 
silver stated to be present were those added to make the bead. 
Experimental data to show that the cupellation of silver- 
osmium beads may result in complete loss of the osmium will 
be published later by the authors.

Byers (8) discussed also the surface effects of the binary 
systems, platinum metals-gold, and stated that the various 
members of the platinum group are more often associated 
with gold than with silver.

According to Langer and Johnston (3), the Sudbury pre
cious metal residue contained about 372 parts of silver and 13 
parts of gold to 100 parts of platinum metals. N ative plati
num derived from most of the world sources also contains 
comparatively little gold. Placer deposits, however, very 
often cariy gold in predominant proportions mechanically 
mixed with native platinum, and in cases such as these the 
data given by Byers (8) may be of considerable value because, 
unlike silver, the surface of a pure gold bead is normally 
smooth with a characteristic color.

In the fire assay for platinum metals, silver is usually added 
to the charge in the proportion of alxmt 15 to 20 parts to 1 of 
total platinum metals, in order to facilitate parting by means 
of sulfuric or nitric acids. Therefore the present report is 
confined to the discussion of the surface phenomena of the 
silver-platinum metals bead.

BECAUSE the w et analysis for the platinum metals in a 
silver assay bead is a long and tedious process, various 

attem pts have been made to devise simple and rapid methods 
for their determination.

F i g u r e  1. P l a t in u m -S i l v e r , 1 t o  12 
Magnification, X 40. Weight, 30 mg.

Several authors have suggested that by classification of the 
surface effects of the platinum metals on the silver assay bead, 
a surface examination might yield not only qualitative but 
also approximately quantitative data.

Bannister and Patchin (1) investigated the binary systems, 
platinum metals-gold and platinum metals-silver, and not 
only dealt w ith the qualitative effects but also attempted to
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F i g u r e  3 .
Magnification, X 30.

P reparation  o f  B eads

Three procedures were followed in preparing the lead 
regulus:

1. Half-assay ton samples of synthetic ore and the necessary 
flux were salted with the platinum metals and the fusion was 
maintained at about 1200° C. for 0.75 hour. The buttons used 
weighed about 30 grams.

2. Clean lead shot was placed in a cylinder, and the platinum 
metals and silver were added and covered with sufficient shot 
to make a button weighing 30 grams. A piston was fitted into 
the mold and the samples were submitted to pressure of about 
1500 pounds per square inch, producing a smooth compact but
ton.

3. Solutions of the pure platinum metals and silver were 
made and the required volumes added to a 30-gram sheet-lead 
dish and carefully’ evaporated over steam. The lead was rolled 
to include the platinum metals and silver in the center of the 
button.

The proportion of platinum metals was determined by 
analysis of the bead. The reported compositions can be 
considered accurate to about 0.5 part per hundred.

The cupellation temperature recorded is that of the walls 
of the bone-ash cupel and was determined by means of an

F i g u r e  4 . P a l l a d iu m -S i l v e r , 1 t o  10 

Magnification, X 40. Weight, 30 mg.

S il v e r  
Weight, 40 mg.

optical pyrometer. N o attem pt was made to determine the 
actual temperature of the cupeling bead. In each case, 
unless otherwise recorded, the cupellation temperature was 
950° ±  25° C. After completion of the cupellation process 
the beads were removed slowly in order to avoid spitting.

These salted beads were arranged in sets, associated with a 
number of pure silver beads prepared under identical con
ditions, and were examined by three operators experienced 
in this work, who had no previous knowledge of the bead com
position. The beads were brightly illuminated and examined 
by means of a microscope with a X 40 magnification.

B inary  S y stem s
P l a t i n u m - S i l v e r .  In the case of high percentages of 

platinum (Figure 1) the surface phenomenon is a somewhat 
regular pattern of pits characterized by a continuously 
smooth surface. As the percentage of platinum is decreased, 
these pits become less frequent.

Figure 2 (left), containing one part of platinum to 50 parts 
of silver, shows very slight platinum effects, while in Figure 2 
(right) the platinum effects are more marked, in spite of the 
fact that this bead contains 1 part of platinum to 60 parts of 
silver. This indicates that the intensity of specific platinum  
effects under the condition above specified could be only very 
roughly proportional to the percentage of platinum present. 
W ien  the proportion of platinum to silver was less than 
about 1 part of platinum to 90 of silver, the operators 
were unable to distinguish such beads from silver beads made 
up to the same size and subjected to identical conditions. 
A comparison of Figure 3 (left), a pure silver bead, and Figure 
2 (left), which is near the border area of sensitivity, will in
dicate the difficulty in identifying beads which contain a much 
lower percentage of platinum. Figure 3 (right) is also a 
silver bead. The lower extremely rough portion of the bead 
is the area which was attached to the cupel.

P a l l a d i u m - S i l v e r .  'When palladium is present in high 
l>ercentages (Figure 4) the beads resemble platinum-silver in 
that the surface is covered with smooth-surfaced pits. These 
pits are much smaller than with platinum and less regular in 
pattern.

I r i d i u m - S i l v e r .  When iridium is present in high per
centages (Figure 5), the bead forms an irregular, often elon
gated black mass spread over a considerable surface of the 
cupel. Very often numerous small particles of the bead can 
be found separated from the main body. As the proportion



AUGUST 15, 1937 ANALYTICAL EDITION 399

F i g u r e  7 . P l a t in u m  M e t a l s - S il v e r

Magnification, X 30. Weight, 40 rag. 
Left, 1 to 30 
Right, 1 to 140

of the iridium is decreased, the bead assumes a spherical shape 
and projections of blue-black crystalline clumps appear 
scattered over the surface. The bead finally assumes a form 
similar to low  percentage platinum beads.

R h o d i u m - S i l v e r .  W ith large percentages of rhodium 
(Figure 6), the bead assumes an irregular shape and is coke- 
black in color w ith an extremely rough surface.

The authors conclude that under conditions above de
scribed the presence of platinum and palladium can be de
tected with certainty only in proportions of 1 or more of 
platinum or palladium to about 70 of silver. Additional 
tests made on beads of about 500 and 10 mg. indicate that the

F ig u r e  6 . R h o d iu m -S i l v e r , 1 t o  10
Magnification, X 17. Weight, 30 mg.

limit of sensitivity with respect to platinum is also 1 of plati
num to about 70 of silver.

P o ly co m p o n en t S ystem s
Buttons were made containing approximately the relative 

proportion of each of the platinum metals often found in  
norite deposits— i. e., 8.3 parts of platinum, 9.4 parts of pal
ladium, 0.6 parts of rhodium, 0.6 part of iridium, and 3.0 
parts of gold. These buttons were cupeled and the beads 
examined exactly as described for the binary systems.

Figure 7 (left) illustrates the surface phenomenon, which is 
different from that of platinum-silver. Examination in
dicated that under the conditions described above it  was 
possible to detect the platinum metals when the proportion

F i g u r e  5 . I r id iu m -S i l v e r , 1 t o  7
Magnification, X 20. Weight, 30 mg.
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present was about 1 or more of total platinum metals to 150 of 
silver. Figure 7 (right) indicates the decrease in intensity of 
surface effects upon reduction of platinum metals content.

Beads containing the same percentage of silver and plati
num metals but weighing approximately 8 mg. were prepared 
as described above; the limit of sensitivity was about the 
same as with those weighing 40 mg.

Buttons were made containing the following relative pro
portions of platinum metals; 23.1 per cent gold, 3.2 per cent 
iridium, and 73.7 per cent platinum. The beads were pre
pared and treated exactly as described above. The surface 
phenomena characteristic of platinum could be detected when 
the percentage of platinum metals was high, but disappeared 
when the ratio of platinum metals to silver was about 1 to 
80; the operators were then no longer able to distinguish 
beads containing platinum from pure silver beads.

C on clu sion s

Because so very little information is recorded about proper
ties of the polycomponent systems, platinum metals-silver, 
the authors feel that more emphasis than is reasonable has 
been placed upon the value of the surface effects on assay 
beads for the detection and rough estimation of platinum  
metals content. The present report is submitted as an 
attem pt to convince the inexperienced assayer that definite 
conclusions concerning the effect of the platinum metals on a 
silver assay bead must be avoided.

A number of platinum-silver beads cupeled with a finishing 
temperature of about 1300° C. gave surface effects of an en
tirely different character than beads of similar composition 
cupeled at 950° C.

The rate of cooling also seems to exert a marked effect on 
the character of surface phenomena.

The authors’ experience on at least two occasions has borne 
out Stanley's (4) statem ent that sometimes one bead will be 
free from surface effect while others from the same sample 
show signs.

By reducing the percentage of silver in the bead, an ex
perienced operator can sometimes determine that the ore 
under examination is of commercial value with respect to 
total platinum metals, but the absence of specific surface 
phenomena does not necessarily mean absence of commercial 
values of platinum metals.

Only an analyst thoroughly familiar with the appearance of 
platinum metals-silver beads, as well as pure silver beads, 
can make even approximately accurate guesses concerning 
the qualitative composition of the platinum metals assay 
bead.

A ck n ow led gm en t
The authors are indebted to H. Mills of Toronto for the 

photographs of some of the beads, and to H. Collins of To
ronto who assisted with the examination of beads.
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Modified Capillary Combustion Unit
For a Gas Analysis Apparatus

BERT E. CHRISTENSEN a n d  ROBERT CARLTON 
D epartm ent o f  C hem istry, Oregon State C ollege, Corvallis, Ore.

NUM EROUS attem pts have been made to minimize 
the danger of explosions in slow-combustion methods 

when carried out by inexperienced operators. Some workers 
have tried to achieve this purpose by modifying the slow- 
combustion pipet (3 ,5), while others have developed different 
methods for carrying out this analysis (1 ,7).

The modified pipets are either mechanically unstable, or 
cannot be readily adapted to technical gas analysis apparatus. 
The serious objection to the catalytic oxidation methods is 
the difficulty of preparing the catalyst and the complexity of 
the resulting apparatus. In most investigations attempts 
have been made to modify the position or character of the 
platinum spiral. While the literature contains a number of 
references to combustion capillaries (2 ,4 ,6 ) ,  no attem pt has 
been made to incorporate this device into a standard gas analy
sis apparatus. It is the purpose of this paper to show that 
the modified capillary unit can replace the slow-combustion 
pipet and eliminate the hazard of explosions. It offers a more 
convenient method for the analysis of combustible gases.

D escrip tion  o f  A pparatus
The Levy platinum-silica capillary pipet appeared to offer 

a solution to these problems, but because of the difficulty of

F ig u r e  1. D ia g r a m  o f  A p p a r a t u s

A . Intake capillary
B. 8 X 50 mm. combustion unit
C. Outlet capillary
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F ig u r e  2 . D ia g r a m  o f  C a p il l a r y

A.
B.
C.
D.

Glass wool 
80-mcsh sand 
Heating element 
Capillary tube

m a k i n g  the unit and 
of replacing the c o i l ,  
this d e v i c e  was  n o t  
adopted.

Another capillary was 
d e s i g n e d which elimi
nated both the use of 
silica an d  th e  w a t e r  
cooling. This unit (Fig- 
u re 1) w as m a d e  of  
Pyrex glass, with tung
sten leads (made of 20- 
g a g e  w i r e )  s e a l e d  
through the glass. The 
p l a t i n u m  spiral was 
made of 36-gage wire. 
T h e  current necessary 
to cause the wire to glow 
did not heat the tung
sten leads appreciably. 
The temperature of the 
spiral was maintained by 
placing a variable resist
ance (rheostat, 94 ohms,
2.2 amperes) in series, 
using a 110-volt alternat
ing current.

(In order to replace 
the platinum spiral, the 
pipet may be cut at the 
seal between the capil
lary tube and the com
bustion chamber. The 
coil can then be readily 
a t t a c h e d  to the elec

trodes and the tubes resealcd.)
Initial experiments were made with methane-oxygen mix

tures. In order to prevent explosions from carrying on through 
to the buret, a safety valve was incorporated in the intake capil
lary of the combustion unit. The first, safety device employed 
consisted of a bulb, in the capillary of which was placed a mercury 
bead. Because of the difficulty of maintaining the mercury in 
the bulb, this method was abandoned.

Further investigation revealed the in
teresting fact that no auxiliary safety 
device was required for methane-oxygen 
mixtures when the intake capillary was less 
than 0.5 mm. in diameter. However, this 
method was not applicable to the oxida
tion of other gases. Experiments with 
other combustible gases [notably acetylene, 
hydrogen, and butane (Flamo) J indicated 
that their flames were readily propagated 
through even smaller capillaries. To pre
vent backfire in these cases, a number 
of devices were tried (mercury traps, 
valves, fritted-glass plates) but they were 
either found to be impractical or did not 
stop the flame.

The simplest possible scheme—namely, 
a sand trap—then suggested itself. Work
ing with acetylene-oxygen mixtures, which 
gave the most vicious explosions, it was 
shown that 10 cm. of 80-mcsh sand were 
required to prevent backfire. On the 
basis of this information a plug consist
ing of 2 cm. of 80-mesh sand in a 6-mm. 
tube was found to stop the flames of 
such combustible gases as mixtures of 
oxygen with ethylene, hydrogen, carbon 
monoxide, and butane. Since the deter
mination of acetylene by c o m b u s t i o n  
methods appears to be impractical, it 
was not deemed necessary to employ a greater depth of sand.

The capillary that was finally adopted is shown in Figure 2. 
The intake capillary tubing used in this apparatus was 0.5 mm. 
in diameter. The sand plug was placed in such a position that 
the moisture formed during the combustion would not wet the 
sand.

E xperim ental

In order to check the range and limitations of the coil, test 
runs were made with varying concentrations of methane in 
oxygen at different space velocities. Results indicated that

it was safe to pass methane-oxygen mixtures even in theo
retical proportions over the heated spiral. (This was also 
found to apply to all combustible gases investigated, except 
acetylene.)

The rate at which the gas could be introduced depended on 
the concentration. When the methane content was low, the 
gas was noiselessly burned regardless of the rate. At the 
higher concentrations (1 part of methane to 2.5 parts of oxy
gen) as the space velocities were increased, the reaction in the 
combustion tube became audible. The rate of oxidation was 
adjusted so that the sound was just perceptible.

The procedure for carrying out an analysis differed from the 
conventional methods in the following manner: The sample of 
gas was introduced into the buret and measured, and then suffi
cient oxygen was added to ensure a slight excess. The total 
volume was measured before combustion ami then passed into 
the gas reservoir to ensure mixing. This mixture was passed 
three times over the bright red coil and by-passed back to the 
buret: thus the gases were always introduced to the combustion 
chamber from the same direction. The conventional slow-com
bustion pipet was used as a gas reservoir.

The results of a number of typical analyses are given in 
the Table.

T a b l e  I. D é t e r m in a t io n  o f  M e t h a n e

Capillary Pipet 
%

91.8  
82.2
40.9  
12.5

Slow- 
Combustion Pipet

%
91.9
82.1
41.1
12.3

In addition, oxygen mixtures of carbon monoxide, butane 
(Flamo), and ethylene were shown to be completely oxidized 
under similar conditions.

To adapt this method to a standard gas analysis apparatus 
two modifications are offered, both of which were found to be 
satisfactory.

1. For combustible gases, one may employ a mounting similar 
to the usual cupric oxide tube with intake (three-way stopcock) 
placed between gas buret and potassium hydroxide pipet, and 
the exit placed between the first and second pipets of the gas 
train.

2. For methane residues, one may incorporate the combustion 
unit in one arm of the cupric oxide tube (Figure 3 ) .  This per
mits the use of a simpler manifold.

Su m m ary

The modified capillary combustion pipet offers a safe, pre
cise, and convenient method for the analysis of combustible 
gases (except acetylene). The unit can be easily incorporated 
into the standard gas analysis apparatus.

A simple method is given for preventing the propagation 
of flames through capillary tubing.

L iteratu re Cited
(1) Dennis, L. M., “ Gas Analysis.” 2nd ed., p. 198, New York,

Macmillan Co., 1929.
(2) Evans and Davenport, I n d . E n o . Chem., Anal. Ed., 7, 174

(1935).
(3) Kobe, Ibid., 3, 159 (1931).
(4) Lunge and Ambler, “ Technical Gas Analysis," p. 133, London.

Gurney and Jackson, 1934.
(5) St«acie, J . Am. Chem. Soc., 52, 2811 (1930).
(6) Walker and Christensen, I n d . Eno. C h e m ., Anal. Ed., 7, 9

(1935).
(7) Weaver and Ledig, J. I n d . E n o . Chem., 12, 368 (1920).

R e c e i v e d  April 22, 1937.



Constant-Temperature Bath for Molecular Stills
O. A. NELSON a n d  II. L. HALLER  
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TH E  desirability of maintaining accurate control of tem
perature during distillation processes has been known 
for a long time. It is particularly important in processes 

involving fractional separation of two or more components 
from a mixture, regardless of whether the distillation is car
ried out a t atmospheric pressure, under slightly reduced pres
sure, or a t high vacuum. While it is true that if a perfect 
vacuum could be obtained a liquid would give off vapor at 
any temperature, nevertheless for liquids of comparatively 
high boiling points the rate of distillation at room tempera
ture would be so low that no appreciable quantities could be 
obtained in experimental time. A t elevated temperatures 
the rate of distillation is increased, but the rate m ay vary 
for different substances, and it is just this difference in rate 
of distillation that permits of separation of phlegmatic liquids 
from one another by the process of fractional distillation (1).

Various methods have been proposed for the control of 
temperature during distillation in the molecular still. In 
m ost cases such devices are complicated, require consider
able attention, or cannot be depended upon to give satisfac
tory control.

An apparatus that provides a constant temperature with a 
minimum amount of attention is shown in Figure 1. It con
sists essentially of a boiler, B, containing a constant-boiling

liquid, a h e a t i n g  
unit, a n d  a s i d e  
t u b e  f o r  a reflux 
c o n d e n s e r .  The 
b o i l i n g  flask was 
made from a 750-cc. 
Iijeldahl flask by 
heating the glass in 
the bottom to soft
ness and then draw
ing it in to form a 
cup or cavity hav- 
in g  a diameter of 
about 7.6 cm. The 
d i a m e t e r  o f  the 
boiler is 5 cm. and 
its height to  th e  
lower surface of the 
cup is a p p r o x i 
mately 16.5 cm. A 
satisfactory heating 
coil was made from 
No. 26 or 28 Ni- 
chrome wire of such 
l e n g t h  as to give 
about 25 ohms re
sistance. A vari
able resistance was 
inserted in s e r i e s  
with the heater so 
as to permit con
trol of the rate of 
r e f l u x i n g  of  the 
boiling liquid.

The m o l e c u l a r  
still ( B u r e a u  of  
Standards type, 2) 
used with this con
s t a n  t-temperature 
bath has a diameter 
of 6.7 cm., and the 
s p a c e  between it 

F i g u r e  2 . C o n s t a n t - T e m p e r a t u r e  and the wall of the
B a t h  cavity is filled with

a h i g h -  b o i l i n g
mineral oil, which functions as a heat conductor between the 
vapors of the constant-boiling liquid and the material in the still.

Another form of the same apparatus is illustrated in Figure
2. The still proper (Hickman tvpe) is 3.8 cm. in diameter and 
the boiler is 5 cm. in diameter and about 16.5 cm. long.

The principal difference between the two modifications is 
that in the apparatus shown in Figure 1 the heat from the 
vapors is conducted to the still by means of a high-boiling 
mineral oil, while in the one shown in Figure 2 the hot vapors 
strike the bottom of the still directly.

The apparatus herein described has the advantages of 
simplicity, ease of construction, and reliability. In addition, 
when a pure compound is used as a constant-boiling bath, 
the necessity of determining the temperature of the material 
in the still is eliminated.

B y  so controlling the rate of refluxing that no apparent 
condensation takes place on the bottom of the cup or still, 
constant temperature can be maintained for any desired 
length of time. Both constant-temperature baths and stills 
have been used in this laboratory over long periods of time 
with satisfactory results.

L iteratu re C ited
(1) Hickman, K., J . Franklin Inst., 2 1 3 , 119 (1932).
(2) M air, B. J., Schiektanz, S. T ., and Rose, F. W., J. Research

Nall. Bur. Standards, 15, 557 (1935).

R eceived  M ay 27, 1937.
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Enclosed Apparatus for Laboratory 
Crystallizations

JOHN D. PIPER AND N. A. KERSTEIN  
T he D etroit Edison Com pany, D etroit, M ich.

f-~«V
F igure 1

APPARATUS in  which crystallization of low-melting or 
highly reactive compounds is to be effected should pre

vent the sample from being contaminated by condensation 
of moisture or by interaction with the 
components of th e  a t m o s p h e r e .
Several such devices have been built 
by the authors and found to be satis
factory laboratory tools for fraction
ally crystallizing material from its 
own mother liquor. Being made of 
glass, they are readily adaptable for 
use with other enclosed glass systems 
employing partial vacua or inert gases.

The general principle upon which 
e a c h  d e v i c e  operates is the same.
The liquid to be purified is partially 
crystallized in one compartment at a 
chosen temperature, after which the 
remaining liquid is drained from the 
crystals and transferred to a second 
compartment. The crystallized mate
rial is then melted and the process is 
repeated as many tunes as is desirable, 
preferably at temperatures progrès- ' \ £ ~ ê
sively closer to the freezing point of 
the pure liquid. The purified portion 
is then isolated from the rejected por
tions by separating the two compart
ments. Differences in the structure 
and operation of the devices are illus trated in Figures 1 to 4.

D esig n  o f  A pparatus
In the case of the apparatus shown in Figure 1, the sample is 

introduced through a large-bore capillary into compartment a 
and the capillary is sealed off at 6 as shown. The apparatus is 
then tilted in such manner as to allow' the sample to flow' into 
compartment c through either capillary tube d or e. The ap-

Earatus in the position shown is then immersed in a suitable 
ath at the temperature desired for the first crystallization. 

Baths of carbon dioxide and acetone mixtures in wide
mouthed thermos bottles have usually been used for tempera
tures below about 1° C. Seeding may be accomplished by 
undercooling a small part of compartment c. After crys
tallization has progressed to the desired extent., the apparatus 
is removed from the bath, inverted, and quickly restored to 
the bath in the inverted position. The mother liquor is thus 
allowed to drain from the crystals through capillary d into 
compartment o, capillary e serving to equalize the pressure of 
the system, thus allow'ing free flow.

When drainage is completed, the apparatus is removed from 
the bath and restored to its original position by rotating it in 
the direction show'n by the arrow. The rejected liquor is thus 
trapped in one end of compartment a. In repeating the proc
ess after subsequent crystallizations, the apparatus is inverted 
by rotating it in the opposite direction to that shown by the 
arrow in order to prevent return of the rejected liquor to com
partment c. After the last crystallization, d and e are sealed 
off. Connection of compartment c to the apparatus in which its 
contents are to be used is made at / ,  after the protecting cap, 
shown at that point, has been removed. Communication be
tween the compartment and the new system is established 
by breaking window g with a suitable hammer enclosed in 
the system when the connection is made.

Where a number of sample tubes are to be filled with the 
purified material, the apparatus shown in longitudinal sec

tion in Figure 2 is convenient. This apparatus may be 
operated only under greatly reduced pressures. Similar let
tering is used to identify similar parts of the various pieces 
of apparatus shown in Figures 1 to 4.

In addition to a and c, the apparatus illustrated in Figure 2 has 
a compartment h, which is filled with sample tubes, i, having 
open capillary ends extending to the open end of h as shown. 
Chiefly because the arrangement gives better mechanical strength, 
tube e, instead of being connected directly to c, communicates 
with it through h and c'. The shapes of the compartments 
and the positions of the connecting tubes are designed to prevent 
trapping of condensed vapors during the drying process.

With the apparatus in the position indicated the liquid is 
dried over an appropriate desiccant in flask k and distilled into 
flask I through capillar}' m, which is then sealed off. Additional 
drying, if necessary, may be accomplished by interposing similar 
flasks between k and I. The liquid in flask I is then refluxed 
over the desiccant and finally distilled into the crystallization 
apparatus. During the distilling process compartments a, c, 
and h are placed parallel to the line marked ‘‘filling angle.”

After fractional crystallization has been completed in essen
tially the same way as was described in connection with Figure 1 
and the purified liquid has been isolated by sealing off capillary 
tubes d and e, the liquid from e is transferred to h by alternately 
warming and cooling the two compartments, if necessary. Tube 
e' is then sealed off and, with the tips pointing downward, the 
sample tubes are filled by slowly admitting dry nitrogen through 
capillary j ,  the end of which is broken within a rubber tube sup
plying the nitrogen. The sample tubes thus filled are then re
moved from h, which is cracked open, and the capillary ends of 
the tubes are sealed.

In cases where the mother liquor does not readily drain 
from the crystallized material, apparatus employing cen- 
trifugalization has been used. One of these devices is shown 
in inverted position in Figure 3.

Except that compartment a is almost in line with compart
ment c and that tube e, being unnecessary, is omitted, the glass 
part of this apparatus is similar to that shown in Figure 1. Op-

F igctre  2



INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9, NO. 8

eration is also similar, except that during the draining periods
the apparatus is suspended in a bath in a centrifuge cup, n, by
means of a suit able split clamp, o, containing a split rubber cush
ion, p, and the entire assembly is rotated at low speeds in the 
usual manner.

Because centrifuge cups that can 
be used with an ordinary laboratory 
centrifuge are of limited size and are 
difficult to insulate, the use of this ap
paratus is limited to small samples of 
materials whose melting points are 
not too different from the temperature 
a t t a i n e d  in t h e  centrifuge during 
operation.

For use with materials of low m elt
ing point, the apparatus shown in 
Figure 4 is satisfactory.

Operation is similar to that of the ap
paratus shown in Figure 1, except that, 
after the sample contained in the lower 
half of compartment c is partially crys
tallized, the enclosed system is rotated
about its y-y axis by means of a stirring
motor attached at / .  The mother liquor 
is thus discharged by centrifugal force 
through capillary tubes d and <i‘ into 
compartment a, which has a larger di
ameter than c. The top of t h e r m o s  
bottle n is closed with a tight-fitting 
stopper, q, through w h i c h  e x t e n d s  
thermometer r and brass upper bearing 
s which may be made from a cork borer 

of suitable size. The lower bearing, I, is simply a strip of 
metal through which a hole has been punched large enough
to accommodate b. The ends of the strip are fastened, as shown,
to a split circular collar which is held against the inside of the 
thermos bottle by friction. The buoyancy of the enclosed sys
tem in a carbon dioxide and acetone bath is such that the end 
thrust is upward and is taken up by the bearings of the stirring 
motor. Unless the center of gravity of that system is too far 
from the y-y axis, vibrations due to small imperfections in con
struction of the glass parts seem to do no harm, provided the 
thermos bottle is mounted in some soft material, such as cotton, 
which permits the bottle to move slightly. Sufficient bath is 
used to fill the bottle up to the stopper, and keep compartment c 
in contact with the bath during centrifuging.

F ig u r e  3

The several devices are 
easily made by anyone 
who can do simple glass 
blowing, and though the 
parts are isolated during 
the crystallizations, they 
may be reassembled re
p e a t e d l y .  T y p e s  o f  
apparatus shown in Fig
ures 1 and 2 have been 
used rather extensively for 
crystallizing some organic 
acids for investigations 
concerning dielectrics (1,
2). The acids crystallized 
are listed by Piper et al.
(1 ,2 ), with comment con
cerning their purity.

A]) par a tu  s shown in 
Figures 3 and 4 represent 
more recent modifications, 
which up to the present 
time have been used to 
crystallize two hydrocar
bons, indene and dimethyl 
fulvene, whose melting 
points in sealed tubes at 
approximately their own 
vapor pressures were —1.8 
and 3.4, respectively. No  
melting point determina
tions were made at atmospheric pressure in these cases. 
Other modifications more suitable for a particular purpose 
may be suggested by these descriptions.

L iteratu re  C ited
(1) Piper, J . D., Kersk-in, N. A., and Fleiger, A. G., Ind. E ng.

C h em . (to  be published).
(2) Piper, J. D., Thomas, D. E. F., and Smith, C. C., Ibid. *28, S43

(1936).

R e c e iv e d  June 1. 1037.

F ig u r e  4
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w e a i w i
FILTER PAPER

M unktells filter paper is available in 
10 grades w hich cover the entire 
range of requirements for satisfactory 
filtration. Each grade represents the 
finest paper available for its specific 
application.

A  bulletin giving complete specifi
cations and recommendations for 
every grade w ill be sent on request. 
Free samples of every grade w ill also 
be forwarded if requested.

E. H . S A R G E N T  & C O M P A N Y
155-165 East Superior Street 

Chicago, lllinios

Sole American Agents
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DARKFIELD
CONDENSERS

fo r e v e r y  t y p e  o f  u l t r a - m i c r o s c o p y

E. L E I T Z ,  Inc.
730 Fifth Avenue, New York, N. Y.
Washington Chicago Detroit

Western Agents: Spindler & Sauppe, Inc., 
Los A ngeles San Francisco

SPECIAL MODELS
for low magnifications: dry condensers with long working 
distances.

for oil immersions: especially suited for study of colloidal 
solutions.

for quick change from brightfield to darkfield.

foi colloidal suspension in liquids of higher refractive indices: 
the maximum numerical aperture of the observation system 
can be as high as 1.40.

Send lor Pamphlet No. 70S9

SECOND EDITION

SOLUBILITY of NON-ELECTROLYTES
By J O E L  H . H IL D E B R A N D , Ph.D.

Professor of Chemistry in the University of California

TH IS  book is th e  ou tgrow th  o f  m an y  years o f  s tu d y o f  the prob lem s presen ted  by  
th e  variou s phen om en a  o f  so lu b ility . T h e  p u b lica tion  in the first ed ition  o f  

th e  earlier resu lts o f  th ese  stu d ies  seem ed  desirab le in  v iew  o f  th e  im portan ce  
o f  th e  su b ject and  th e  lack  o f  an y  o th er  com p reh en sive  m odern trea tm en t. Its  
cordial recep tion , th e  p art it  has e v id e n t ly  p la y ed  in s t im u la tin g  further researches 
and th e  considerab le progress m ade during th e  tw e lv e  years since its  appearance  
h ave  supp lied  the m o tiv es for th is new  ed itio n . D u rin g  th is  in terva l th e  th eory  o f  
d ipole m om en ts has grow n to  m a tu r ity ; the fo u n d ation s o f  a general th eory  o f  in ter- 
m olecular forces h ave been laid; several prom ising  a ttem p ts  h a v e  been m ade to deal 
q u a n tita tiv e ly  w ith  the d ev ia tio n s  o f  so lu tion s from  the ideal so lu tion  law s, par
ticu larly  for th a t class o f  so lu tion s th a t h ave com e to be know n as regular; ex ten s iv e  
ad d ition s h a v e  been m ade to th e  b od y  o f  d a ta  h a v in g  th eoretica l sign ificance. In  
conseq uence o f  these d eve lop m en ts, th is M onograph  has been a lm ost en tire ly  
rew ritten .

Chapter Titles: Introductory; The Ideal Solution; Deviations from Raoult’s Law—General;
Polarity; Forces between Non-Polar Molecules; Solvation; Ionization and Association; Vapor Pres
sure of Liquid Mixtures; Solubilites of Gases; Solubilities of Liquids in Liquids; Solubilities of 
Solid Non-Electrolytes; Metallic Solutions; Partition of Solutions between Immiscible Liquids; Solu
bility and Various Related Phenomena; Appendix; Author Index; Subject Index.

A .  S. C. Monograph No. 17 203 Pages Illustrated $4.50

REINHOLD PUBLISHING CORPORATION, 330 West 42nd Street, New York, U.S.A.
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M o l y b d e n u m  i n  I r o n
REAGENT—a-Benzoin Oxime 

METHOD—Gravimetric

REFERENCE—Taylor-Austin, Analyst, 62, 107 (1937)

TH E method is adapted especially for the determ ination of 
molybdenum in cast iron. The precipitate formed is ignited 

to the oxide and weighed. Full details of the procedure will be 
forwarded prom ptly upon request.

Eastm an a-Benzoin Oxime (No. 1877, 10 g .—85c) is especially 
purified for use in such analytical work. It is available for imme
diate shipment. . . . Eastm an Kodak Company, Chemical Sales 
Division, Rochester, X. Y.

E A S T M A N  O R G A N I C  C H E M I C A L S

PlatinumLaboratoryWares
Platinum
Palladium
Iridium
Rhodium
Ruthenium
Osmium

in Metals, Alloys 
and Salts

Our catalog F16 on 
PLATINUM  

LABO RATO RY WARES 
and our Folder on 

PLATINUM MICRO 
APPARATUS 

are sent upon request
We invite your inquiries

The AMERICAN PLATINUM WORKS
N. J. R. R. A V E. A T OLIVER ST. NEWARK, N. J.

R tfinerc and M an ufa ctu re n  o f P latinum , G o ld  and S i l* «
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pH D e t e r m i n a t i o n s
with

A N Y  S I Z E  O F  S A M P L E

. . . B E G K M A N
pH M E T E R

(GLASS ELECTRODE)

T h ere  is  a B e c k m a n  G la ss  E lec tro d e  for  
a c c u r a te ly  a n d  q u ic k ly  m e a s u r in g  pH  w ith  
a n y  s iz e  o f  s a m p le  u s in g  th e  B e c k m a n  pH  
M eter .

0.005 m l—Sufficient sam ple for th e  “ M icro” Elec
trode. Invaluable for horm one research  
and other m icro-chem ical investigations.

0.05 m l—Sufficient sam ple for th e “ O ne-drop” 
Electrode. C onvenient for sem i-m icro in 
vestigations.

0.5 m l—M easurem ents m ade w ith  standard glass 
electrode using special Vi m l beaker.

5.0 m l—M ost com m on sam ple size for standard  
electrodes, using  5 m l beaker regularly  
furnished w ith  m eter.

50.0 m l—U sing standard glass electrodes and 50 m l 
beaker fitted to door ring stand by special 
adapter. C onvenient for titration s.

500.0 m l—and larger volum es. Large electrodes up 
to  2 feet in  length  are available for in d u s
trial use.

M easurem ents of any size of sam ple up to  50 m l m ay  
be m ade w ith  Glass electrodes fitted to  door of the  
Beckm an pH M eter. M easurem ents on larger vol
u m es easily m ade w ith  special shielded cable.

T h e  sp e c ia l S h ie ld e d  C ab le a lso  p e r m its  
th e  u s e  o f  B e c k m a n  G la ss  E lec tro d es  for  
m e a s u r e m e n ts  a t  r e m o te  p o in ts  fro m  
M e te r — in  v a ts , liv in g  sp e c im e n s , c o n t in 
u o u s ly  f lo w in g  s o lu t io n s , e tc .

W rite  for l ite r a tu r e  

N A T IO N A L  TEC H N IC A L L A B O R A T O R IE S  
3325 E. C o lorad o  S t . P a sa d e n a , C a lif.

For the D éterm ination of 

H yd ro gen  Ion Concentrations  

w ith al! types of 

Electro d e  System s

HELLIGE
pH-METER

DIRECT READING—0 to 14 pH

NO TE THESE FEATURES—
T em pera tu re  C om pen sa tion —A utom atic ad ju stm en t  

for room or bath  tem peratures betw een 10°C. and 40°C.
A pplicable  as a separa te  "N ull In d ica to r” —w hen the  

potentiom eter knob is turned to zero, th e  pH-M eter can be 
used sim ilar to our V acuum -T ube G alvanom eter for a great 
variety of applications.

A ccessible T erm inals—for easy connection  to other  
system s.

R em ovable E lectrodes—Electrodes and holders can be 
removed and used for titrations or other purposes.

F lex ib ility—Other equipm ent m ay be bui l t  around  
pH-M eter because of detachable cover and door of electrode 
com partm ent.

A ccurate; rugged con stru c tion ; con ven ien t; p ra c 
tica l; an d  a lw ays reliable.

Write for com plete inform ation .

H E L L I G E
I N C O R . P  O R .  A T  E  D

37I8 NORTHERN BLVD.. LONG ISLAND CITY. N.Y
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f o r  A C C U R A T E

WATER ANALYSIS

C H E M I C A L  W O R K S

ST. LOUIS n e w  YORK
CH ICA G O  PHILADELPHIA

For ro u tin e  ex a m in a tio n  o r  sp ec ia l an alysis, 
M a llin ck ro d t A n aly tica l R ea g en ts  are 
p rized  for  th eir  u n iform  purity. R efined

to  m eet p red eterm in ed  m axim um  l i mi t s  o f  
im p u rities, M a llin ck ro d t A R  ch em ica ls  
are a lw ays u n iform , a lw ays re liab le .

Some Analytical
A cid  G la c ia l A cetic  
A cid  H y d r o c h lo r ic  
A cid  S u lfa n ilic  
A cid  Su lfuric  
A m m o n iu m  C h lo r id e  
C alciu m  C h lo r id e  
C upric Sulfate  
F errous Sulfate  
M a n g a n ese  C h lo r id e  
M ercu ric  C h lo r id e  
P o ta ss iu m  C hrom ate

Reagents by Mallinckrodt for the water analyst:
P otass iu m  D ich ro m a te  
P o ta ss iu m  H y d ro x id e  
P otass iu m  Io d id e  
P o ta ss iu m  N itra te  
P o ta ss iu m  N itr ite  
P o ta ss iu m  O xala te  
P o ta ss iu m  P erm an gan ate  
Silver N itra te  
S od iu m  C arbonate  
S od iu m  H y d ro x id e  
S od ium  T h io su lfa te

T h e  M a llin ck ro d t ca ta lo g  o f  analytica l reagen ts and o th er  ch em ica ls  
for the lab oratory  is  you rs for th e  a sk in g . O ver 1 4 0  analytical reagen ts  
w h ic h  co n fo rm  t o A C S  sp ec ifica tion s . . . oyer  3 0 0  o th ers o f  the h ig h  
quality  necessary  for  ex a c tin g  analytical w o rk . A ll are m anufactured  to  
p red eterm in ed  standards o f  purity, w h ich  are stated on  each  la b e l and  
in  th e  ca ta log .
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—  A n n o u n c in g .------- -----------------------------------

The Reactions of Pure
H Y D R O C A R B O N S

G u s t a v  E g l o f f
Director of Research, Universal Oil Products Company, Chicago

A. C. S. Monograph, No. 7 3

D R . E G L O F F 'S  trea tise  is p rim arily  a  cr itica l correla tion  o f  th e  w id e ly  sca ttered  w ork  o n  th e  rea c 
tio n s  o f  pure h yd rocarb on s w h ich  sh o u ld  d o  m u ch  to  p o in t  th e  w a y  tow ard  fu rth er in g  th e  u se fu l

n ess  o f  th e se  su b sta n ces  a n d  p rod u cts .

A lm o st u n b e liev a b le  q u a n tit ie s  o f  h y d rocarb on s are n a tu ra lly  a v a ila b le  a ll o v er  th e  w orld , ap p ear in g  
as gases, liq u id s an d  so lid s a n d  form in g  th e  b a sis  for m a n y  o f  th e  la rg est in d u str ies . T h e  n a tu ra l gas  
an d  m an u factu red  gas in d u str ies  h a n d le  b illio n s o f  cu b ic  fe e t  o f  gaseou s h y d ro ca rb o n s d a ily , w h ile  
th e  p etro leu m  in d u stry  is  gu ard ian  o ver  fa b u lo u s v o lu m es  o f  gases, o ils , w a x es  a n d  a sp h a lts . T h e  
coa l in d u stry  in  it s  tu rn  h as w ith in  its  sco p e  an  e st im a te d  q u a n tity  o f  so m e 7 ,000  b illio n  m etr ic  to n s  o f  
coa l an d  lig n ite , s ta r tin g  m ater ia l c o n ta in in g  v a lu a b le  h yd ro ca rb o n s o f  w h ich  a ll m an n er  o f  u se  m a y  be  
m ad e. M o reover , h yd rocarb on  o il to  th e  e s t im a te d  a m o u n t o f  300  b illio n  barrels is p o te n t ia lly  p resen t  
in  o il sh a le  d ep o sits .

T h ere are sev en  d is t in c t  h yd rocarb on  grou ps o u tlin ed  for th e  p u rp oses o f  th is  b o o k :—paraffins, o le 
fins, a ce ty len es , arom atics, cyclop araffin s an d  cy c lo o le fin s, a n d  terp en es . E a c h  grou p  is in d iv id u a l in  
its  p rop erties, it s  rea ctio n s tow ard  v a r io u s a gen c ies , th erm a l, e lec tr ica l a n d  c a ta ly tic ;  a n d  it s  r e a c tiv 
ity  w ith  o th er  h yd rocarb on s or w ith  u n re la ted  su b sta n ces . D e sp ite  th ese  ch a ra cter istic s , h o w ev er , 
each  group  is cap ab le  o f  b e in g  p rod u ced  from  m o s t o f  th e  o th er  h yd rocarb on  grou p s, a n d  is  eq u a lly  
cap ab le  o f  p rod u cin g  it s  fe llow  h yd rocarb on  groups u n d er v a r y in g  a n d , to  a  h igh  d egree, co n tro llab le  
co n d itio n s . N a tu ra l gas in  th e  U n ite d  S ta te s  w h ich  is  a v a ila b le  a t  th e  ra te  o f  b illio n s o f  cu b ic  fee t  
per d a y  is  m ad e  u p  o f  m eth a n e , e th a n e , p rop an e, an d  b u ta n es .

T h e  o u ts ta n d in g  exam p le  o f  n a tu ra lly  occu rring  h yd rocarb on  m ix tu res is to  b e  fou n d  in  th e  crude  
p etro leu m s o f  th e  w orld . T h e  co m p o sitio n s  o f  th e se  o ils , 1 ,50 0 ,0 0 0 ,0 0 0  barrels o f  w h ich  w ere p rod u ced  
in  1935 a lo n e , v a r y  w id e ly  for d ifferen t geograp h ica l lo ca tio n s  an d  for d ifferen t d ep th s  o f  p ro d u ctio n  
w ith in  th e  sa m e field.

O b v io u sly  a  b o o k  d ea lin g  w ith  su ch  a  v a s t  su b jec t ca n  n ev er  b e  “ c o m p le te ” in  th e  s tr ic t  sen se  o f  th e  
w ord . F or  th a t  reason  D r . E g lo ff  a n d  h is co -w ork ers h a v e  in c lu d ed  e sp ec ia lly  th orou gh  b ib lio g ra p h ies  
a s a  gu id e  for m ore d e ta iled  s tu d y  o f  each  ch ap ter .

N o t  o n ly  tech n o lo g ists  in  su ch  in d u str ies as p etro leu m , gas, rubber, p la stic s , n a v a l s to res an d  sy n th e t ic  
organ ic  ch em ica l p rod u cts  w ill find it  essen tia l, b u t  it  sh o u ld  a lso  b e  o f  th e  g rea te s t p o ss ib le  in te r e st  for  
research  w orkers th ro u g h o u t th e  rea lm  o f  organ ic  ch em istry .

NOTE—Because of the limited space available, the table of Con
tents is omitted here. Our circular containing full details will 

be sent upon receipt of your request.
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B u r r e l l  T e c h n ic a l  S u p p l y  C o ., P it t s b u r g h , P a .

e t e v c t c i à e à  c i t e

B U R R E L L  Apparatus is known

B U R R E L L  M A N U A L   O btain th is
new hand-book ju st published to review, in  
concise form, the m odern analytical procedure.

t h e  S T A N D A R D  f o r  y e a r s

C A T A L O G  7 9   See w hat it  m eans to  have
a “ B uild-U p” gas apparatus adaptable to  b oth  
present and future requirem ents.

M a n u a l

947-2
922-4

932-5

The illustration above shows a few of the 
new Pyrex Glass condensers described here, 
and in a phamplet which will be sent upon 
request.

F U L - J A K  C O N D E N S E R
9  Cooling Effective Over Entire Length 

#  Non-Locking Joints

#  Up to 4 0 %  Saving of Overall Length

#  Greater Mechanical Strength

#  No Extra Cost 

-<  P A T E N T E D  >-
No. 2,076,903

A most important step in the improvement of glass condenser design is the 
extension of the water cooling jacket to include the ground glass joints.

Condensers of this type are not troubled with freezing due to temperature 
changes, inasmuch as the water keeps the joints at a constant temperature.

Savings as great as 40% in effective length are made possible by eliminating 
air cooled connections.

Ful-Jak condensers are being made in various sizes from 8'  up to 36' and in 
three types, namely, the Liebig, Graham, and Allihn. All of these features are 
offered to you at no increase in price over our standard jointed condensers.

WRITE FOR PRICE LIST N OW

S C I E N T I F I C  G L A S S  A P P A R A T U S  CO,
BLOOM FIELD NEW JERSEY
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FILTRATION  
PROBLEMS ^ 5 ^

solved by the use of
JE N A  Fritted Glass Filters

Jena Gas Scrubbing Tubes. Type J jc G ,  with a fused-in 
fritted glass filter disc, are used for the distribution of 
gases in liquids. Delivers a continuous stream  of 
uniform size bubbles through the liquid. M ade in 4 
porosities, the bubble size varying with the liquid and 
the porosity of disc used. Disc diam eter 20 mm.

Jena Line Fitter, widened in the center with fused- 
in fritted glass filter disc. For removing lint and 
fibrous suspensions from acids or alkalies, alcohol 
or other solutions carried through pipe lines in 
chemical factories. For m anufacturing phar
macists preparing high purity products. Also 
used to filter air and gases including acid gases in 
chemical operations. Available in disc diam eters 
up to 175 mm., porosities 0, 1, 3 and 4.

C A TA LO G U E  -M-' L E  O X R E Q U E ST

L im  Filter -if  leading labora tory su p p ly  dealers

F tS H -S C H U R M A N  C O R P ., 2 5 0  Easl 4 3 id  N e w  YotU

U . S. A g « n ts  ~J«na G lass W o ik s , Schott &  G * n .

fish-Schurmci

Scrubbing Tubi

S U P E R P R E S S U R E  
E Q U I P M E N T

YOUK needs for apparatus em p loy in g  h igh  pres
sures and tem peratures for the in vestigation  o f  

eata iytiea i chem ical, reactions can  be successfu lly  
m et by A m inco techn icians. A special shop  d e
partm ent is m aintained  for producing designs in  
high -stren gth  m aterials for all phases o f  super- 
pressure technique.

W rite  fo r  Catalog 406-P

A m erican  Instrum ent Co., inc.
8010-8020 Georgia A v e . Silver Sprins, M d .

S A R T O R I U S  
MICRO-BALANCE MRA

W ith new rider ad ju s tm en t and  m anipu lation  of 
fractional gram s from  outside  th e  case.

(after P rof. Romberg)
A 2 mg round  q u artz  stick rider is placed in to  th e  beam  

notches by m eans of a  double-acting  rider-carrier, oper
a ted  from  an outside  knob. T he beam  is provided w ith  
40 no tches, and th e  p lacem ent o f th e  q u a rtz  stick rider 
equals 0.1 m g per no tch . T he m echanical m anipu lation  

|  o f 4 and  6 mg w eights is done from  outside th e  case.
O ptical reading device is fixed to  th e  pillar. T herefore 

no fluctuations o f th e  zero p o in t.
P R IC E , in oak c a b in e t.................................. $325

in m ahogany c a b in e t.....................$340

 P ik lig  & B au er, Inc.
EMPIRE STATE BUILDING, NEW  TOKK ~~

W A N TED /
B a ck  J o u r n a ls  o f th e  
A m er ica n  C h e m ic a l S o c i e t y  

IN D U ST R IA L  A N D  E N G IN E E R IN G  
C H E M IST R Y
Industrial Edition—Vol. 28, No. 3 @ .25 each 
Analytical Edition—Vol. 6, No. 3 @ .50 each 

8, No. 1 @ .25 each 
News Edition—Vol. 5, No. 6 @ .25 each 

6, No. 1 @ .25 each

C H EM IC A L A B ST R A C T S
Vol. 1, Nos. 12, 13, 14, 16 and 22 @ JI.00 each 
VoL l,N os. 2, 3, 15, 17, 18, 19, 20, 23 and Index @ .75 

each
1, Nos. 4, 5, 8, 9, 10 and 24 @ .50 each
1, Nos. 1, 6, 7, 11 and 21 @ .25 each
2, Nos. 1, 3, 6, 7, 8, 11, 17 and 19 @  .75 each
2, Nos. 2, 4, 5, 9, 10, 12, 13, 14, 15, 16, 18, 20, 21, 22, 

23 and 24 @ .50 each
3 ’ t ’A 7 > 8> 9 * 10> U * I2 » 13> l4 > 15> 16> 17.18, 19, 20, 21, 22, 23, 24 and Index @ .25 cach
4, Nos. 1, 2, 5, 8, 9, 15, 16, 17, 22 and 24 @ .25 each
5, Nos. 1, 6, 10, 11, 12, 13, 14, 15, 16, 17 and 24 @ .25 

each
30, Nos. 5 and 6 @ .50 cach

JO U R . A M ER . C H E M . SO C IE T Y
VoL ;8, Nos. 2 and 3 @ .25 each

Address all packages to the American Chemical Society, 
20th aid Northampton Streets, Easton, Pa., and pay trans
portation charges. Express collect packages will be refused. 
Be certain that your name and address appear thereon. Also 
send memorandum to Charles L. Parsons, Secretary, Mills 
Building, Washington, D.C. Journals must be received iagood 
condition. This oner ¡3 subject to withdrawal without notice.


