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Determination of Refractive Index of Glycerols 
By the Immersion Refractometer 

By L. F. H O Y T ,  La rk in  Co., Inc., Buffalo, N. Y. 

I. I n t r o d u c t i o n  : 

I N the comprehensive A.C.S. monograph, "Glycerol 
and the Glycols," by Lawrie, published in 1928, the 

author has assembled most of the available data on the 
physical properties of glycerol. The section on refrac- 
tive index is surprisingly meager and consists chiefly of 
the refractive index tables of Lenz. 1 These tables were 
first published in 1880 and have been copied verbatim, 
discrepancies included, by many authors since that time. 
Lenz used, of course, the Abb6 refractometer and  con- 
ducted his experiments at the rather unusual temperature 
range of 12.5 to 1 2 . 8  ° C. Lenz determined the con- 
centration of his pure glycerol (96.04%) by elementary 
analysis and checked the concentration of some of his 
diluted samples also by elementary analysis. His table 
which gives the refractive index of glycerine from 1% 
to 100% by 1% intervals, is shown in Table 1. The bulk 
of the values shown are, of course, extrapolated, Lenz 
having determined the refractive index of only ten di- 
luted glycerols of known concentration. I have included 
in this table the differences in refractive index between 
each per cent. 

Lenz states in his original article that by means of his 
table the concentration of glycerol may be determined 
from the refractive index, by the Abb6 refractometer, 

with an accuracy of 0.5%. Thus, while convenient, 
rapid and applicable to only a few drops of material, the 
refractive index of glycerine as determined by the Abbd 
refractometer is distinctly less accurate as a method of 
determining the concentratoin of glycerol than is the 
specific gravity. 

Lenz pointed out that it was possible to use the Abb6 
refractometer to determine the refractive index and con- 
sequently the concentration of glycerine without adjust- 
ing the sample and instrument to any special temperature 
provided that the refractive index of water was observed 
at the same temperature. The difference between the 
refractive index of the sample and the refractive index 
of water at the same temperature being a function of the 
concentration. Lenz's table of these differences is shown 
in Table 2. To this table, also, I have added the values 
for the difference between each successive percentage. 
There are some anomalies in this table of Lenz, espe- 
cially noticeable at 64, 25, and 20% glycerol. The work 
which I have done with refractometers, and especially 
with the immersion refractometer which is at least ten 
times as sensitive to changes in refractive index as is 
the Abb6 instrument, leads me to believe that some 
of these values given by Lenz are in error. Refractive 
index is not always a straight line function of concen- 

T A B L E  No. 1 

The Refractive Index, ND at 12.5 to 12.8 °, of Aqueous Solutions of Glycerol (Lenz). Z. anal. Chem. 19, 302 (1880) 

Per Cent Per Cent per Cent 
Anhydrous Anhydrous Anhydrous 
Glycerol ND D i f f e r e n c e  Glycerol ND D i f f e r e n c e  Glycerol ND Difference 

100 1.4758 . . . .  66 1.4249 .0018 32 1.3745 .0013 
99 1.4744 .0014 65 1.4231 .0018 31 1.3732 .0013 
98 1,4729 .0015 64 1.4213 .0018 30 1.3719 .0013 
97 1.4715 .0014 63 1.4195 .0018 29 1.3706 .0013 
96 1.4700 .0015 62 1.4176 .0019 28 1.3692 .0014 
95 1.4686 .0014 61 1.4158 .0018 27 1.3679 .0013 
94 1.4671 .0015 60 1.4140 .0018 26 1.3666 .0013 
93 1.4657 .0014 59 1.4126 .0014 25 1.3652 .0014 
92 1.4642 .0015 58 1.4114 .0012 24 1.3639 .0013 
91 1.4628 .0014 57 1.4102 .0012 23 1.3626 .0013 
90 1.4613 .0015 56 1.4091 .0011 22 1.3612 .0014 
89 1.4598 .0015 55 1.4079 .0012 21 1.3599 .0013 
88 1.4584 .0014 54 1.4065 .0014 20 1.3585 .0014 
87 1.4569 .0015 53 1.4051 .0014 19 1.3572 .0013 
86 1.4555 .0014 52 1.4036 .0015 18 1.3559 .0013 
85 1.4540 .0015 51 1.4022 .0014 17 1.3546 .0013 
84 1.4525 .0015 50 1.4007 .0015 16 1.3533 .0013 
83 1.4511 .0014 49 1.3993 .0014 15 1.3520 .0013 
82 1.4496 .0015 48 1.3979 .0014 14 1.3507 .0013 
81 1.4482 .0014 47 1.3964 .0015 13 1.349'4 .0013 
80 1.4467 .0015 46 1.3950 .0014 12 1.3480 .0014 
79 1.4453 .0014 45 1.3935 .0015 11 L3467 .0013 
78 1.4438 .0015 44 1.3921 .0014 10 1.3454 .0013 
77 1.4424 .0014 43 1.3906 .0015 9 1.3442 .0012 
76 1:4409 .0015 42 1.3890 .0016 8 1.3430 .0012 
75 1.4395 .0014 41 1.3875 .0015 7 1.3417 .0013 
74 1.4380 .0015 40 1.3860 .0015 6 1.3405 .0012 
73 1.4366 .0014 39 1.3844 .0016 5 1.3392 .0013 
72 1.4352 .0015 38 1.3829 .0015 4 1.3380 .0012 
71 1.4337 .0015 37 1.3813 .0016 3 1 3367 .0013 
70 1.4321 .0016 36 1.3798 .0015 2 1.3355 .0012 
69 1.4304 .0017 35 1.3785 .0013 1 1.3348 .0007 
68 1.4286 .0018 34 1.3772 .0013 0 1.3330 .0018 
67 1.4267 .0019 33 1.3758 .0014 



44 O I L  AND S O A P  

T A B L E  No. 2 

Difference Between Refractive Indices of Aqueous Solutions of Glycerol and of Pure Water. (ND Solution--Nn Water) 
(Lenz). Z. anal. Chem. 19, 305. (1880). 

Difference Difference Difference 
Per Cent Glycerol- Per Cent GlyceroI- Per Cent Glycerol- 
Glycerol Water Difference Glycerol Water Difference Glycerol Water Difference 

100 0.1424 .0014 66 0.0915 .0018 33 0.0424 .0013 
99 0.1410 .0015 65 0.0897 .0008 32 0.0411 .0013 
98 0.1395 .0014 64 0.0889 .0028 31 0.0398 .0013 
97 0.1381 .0015 63 0.0861 .0019 30 0.0385 .0013 
96 0.1366 .0014 62 0.0842 .0018 29 0.0372 .0014 
95 0.1352 .0015 61 0.0824 .0018 28 0.0358 .0013 
94 0.1337 .0014 60 0.0806 .0014 27 0.0345 .0013 
93 0.1323 .0015 59 0.0792 .0012 26 0.0332 .0014 
92 0.1308 .0014 58 0.0780 .0012 25 0.0318 .0003 
91 0.1294 .0015 57 0.0768 .0011 24 0.0315 .0013 
90 0.1279 .0015 56 0.0757 .0012 23 0.0302 .0014 
89 0.1264 .0014 55 0.0745 .0014 22 0.0288 .0013 
88 0.1250 .0015 54 00731 .0014 21 0.0275 .0014 
87 0.1235 .0014 53 0.0717 .0015 20 0.0261 .0028 
86 0.1221 .0015 52 0.0702 ,0014 19 0.0238 .0013 
85 0.1206 .0015 51 0.0688 .0015 18 0.0225 .0013 
84 0.1191 .0014 50 0.0663 .0014 17 0.0212 .0013 
83 0.1177 .0015 49 0.0659 .0015 16 0.0199 .0013 
82 0.1162 .0014 48 0.0645 .0015 15 0.0186 .0013 
81 0.1148 .0015 47 0.0630 .0014 14 0.0173 .0013 
80 0.1133 .0014 46 0.0616 .0015 13 0.0160 .0014 
79 0.1119 .0015 45 0.0601 .0014 12 0.0146 .0013 
78 0.1104 .0014 44 0~0587 .0015 11 0.0133 .0013 
77 0.1090 .0015 43 0.0572 .0016 10 0.0120 .0012 
76 0.1075 .0014 42 0.0556 .0015 9 0.0108 .0012 
75 0.1061 .0015 41 0.0541 .0015 8 0.0096 .0013 
74 0.1046 .0014 40 0.0526 .0016 7 0,0083 .0012 
73 0.1032 .0014 39 0.0510 .0015 6 0.0071 .0013 
72 0.1018 .0015 38 0.0495 .0016 5 0.0058 .0012 
71 0.1003 .0016 37 0.0479 .0015 4 0.0046 .0013 
70 0.0987 .0017 36 0.0464 .0013 3 0.0033 .0012 
69 0.0970 .0018 35 0.0451 .0013 2 0.0021 .0013 
68 0.0952 .0019 34 0.0438 .0014 1 0.0008 .0008 
67 0.0933 .0018 

tration but it is highly questionable that refractive index 
is the erratic and fluctuating function of concentration 
that Lenz's tables would indicate. Lenz claimed that the 
coefficients of the refractive indices of glycerine and 
water were practically identical. While the differences 
in these coefficients are doubtless within the limits of 
error of the Abb6 instrument, the available data shows 
that the coefficients are not identical. 

The immersion refractometer was developed just  prior 
to 1900 by the firm of Carl Zeiss at Jena. This instru- 
ment, with a single fixed prism, had a limited range but 
was extremely sensitive. The scale of t10 ° from - - 5  ° 
to 105 ° by 1 ° intervals corresponds to a spread of re- 
fractive index from 1.32736 to 1.36674. T he  instru- 
ment is equipped with a vernier reading to 0.1 ° and it 
is thus easily possible to observe differences in refractive 
index of the order of magnitude of 0.00004. By 1907 
a considerable literature had developed on the uses of 
this valuable instrument and the available data was pub- 
lished in book form as Wagner 's  "Immersion Refrac- 
tometer Tables," containing nearly 80 tables for the 
quantitative es t imat ion  of organic and inorganic sub- 
stances. Figure 3 is a reproduction of Wagner 's  ~ table 
of the refractive index of dilute glycerol solutions, a re- 
finement and extension of a similar table published by 
Henkel and Roth'  in 1905. It will be observed that 
within the range of the single prism instrument it is 
possible, by Wagner 's  table, to determine the concentra- 
tion of a pure dilute glycerine solution with an accuracy 
of 0.03%. Wagner 's  data when plotted gives a curve 
which is a nearly perfect straight line, and refutes the 
erratic curve given by Lenz's data over the correspond- 

ing range of concentration. Insofar as the author is 
aware the data by Wagner  appears not to be generally 
known. It is not mentioned by Lawrie or others. 

The change of the refractive index of pure Water per 
1 ° C. is not a constant, and the change of refractive 
index of glycerine solutions per 1 ° C. varies with the 
concentration and is numerically much larger at high. 
concentrations than the coefficient for water as shown by 
the following data, Table 4 4, o. 
II .  Exper imen ta l  W o r k :  

Since 1927 a new immersion refractometer has beer~ 
available with six replaceable prisms, thus providing ar~ 
extremely accurate and sensitive method of determining 
refractive index over the extensive range from 1.32539 
to 1.54581. No investigation of the refractive index of 
glycerol with the aid of this multiple prism immersion 
refractometer has been reported in the literature. 

Through the courtesy of the Bausch and Lomb Opticat 
Co., one of these fine instruments was placed at the 
author's disposal and a preliminary study has been made 
of the refractive index of various glycerols, particularly 
at higher concentrations. 

Mr. J. T. R. Andrews of The Proctor and Gamble 
Co., Chairman of the Glycerine Analysis Committee of 
the American Oil Chemists' Society, very kindly fur-  
nished the author a supply of glycerol of unusual purity 
and high concentration. This glycerol was prepared in 
the Research Laboratory of The Proctor and Gamble Co. 
by fractional distillation of a double-distilled C.P. Gly- 
cerol through a 48" Vigreux column under 5-7 ram. 
pressure. The sample used represents the middle por- 
tion only of the distillate which exhibited a very constant 
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T&BLIg  lqo. 3 

Refractive Index vs. Concentration of Dilute Glycerol Solutions by the Zeiss Immersion Refractometer at 17.5 ° C. Wagner's 
Immersion Refractometer Tables 1907 ed. p. 46 Table 70 Glycerol 

Per Cent Per Cent Per Cent 
Scale Glycerol Scale Glycerol Scale Glycerol 

Reading Refractive Gms. per Reading Refractive Gms. per Reading Refractive Gms. per 
° Z Index 100 cc. ° Z Index 100 cc, ° Z Index 100 cc. 

15 1.333200 0.00 46 . . . . . . .  10.01 76 . . . . . . .  19.48 
16 . . . . . . .  0.33 47 . . . . . . .  10.33 77 . . . . . . .  19.79 
17 . . . . . . .  0.66 48 . . . . . . . .  10.65 78 . . . . . . .  20.10 
18 . . . . . . .  0.99 49 10.96 79 20.41 
19 . . . . . . .  1.32 50 1.346500 11.28 80 1.357500 20.72 
20 1.335168 1.64 51 . . . . . . .  11.59 81 . . . . . . .  21.03 
21 . . . . . . .  1.97 52 . . . . . . .  11.91 82 . . . . . . .  21'.34 
22 . . . . . . .  2.29 53 . . . . . . .  12.22 83 . . . . . . .  21.65 
23 . . . . . . .  2.62 54 12.54 84 21.96 
24 . . . . . . .  .2.94 55 1.348360 12.86 85 1.359300 22.27 
25 1.337050 3.27 56 . . . . . . .  13.17 86 . . . . . . .  22.58 
26 3.59 57 13.49 87 22.89 
27 . . . . . . .  3.92 58 . . . . . . .  t3.81 88 . . . . . . .  23.20 
28 . . . . . . .  4.24 59 14.12 89 23.50 
29 . . . . . . .  4 56 60 1:3~62i6 14.44 90 115gi6~5 23.81 
30 1.338960 4.88 61 . . . . . . .  14.75 91 . . . . . . .  24.12 
31 . . . . . . .  5.21 62 . . . . . . .  15.07 92 . . . . . . .  24.43 
32 . . . . . . .  5.53 63 . . . . . . .  15.38 93 . . . . . . .  24.73 
33 . . . . . . .  5.85 64 15.70 94 25.04 
34 6.17 65 1.352050 16.02 95 1.362870 25.35 
35 1.340860 6.49 66 . . . . . . .  16.33 96 . . . . . . .  25.66 
36 . . . . . . .  6.81 67 . . . . . . .  16.65 97 . . . . . . .  25.96 
37 . . . . . . .  7.13 68 . . . . . . .  16.96 98 . . . . . . .  26.26 
38 . . . . . . .  7.45 69 17.28 99 26.57 
39 . . . . . . .  7.77 70 1.353880 17.59 100 1.364640 26.88 
40 1.342750 8.09 71 . . . . . . .  17.91 101 . . . . . . .  27.18 
41 . . . . . . .  8.41 72 . . . . . . .  18.22 102 . . . . . . .  27.49 
42 . . . . . . .  8.73 73 . . . . . . .  18.54 103 . . . . . . .  27.80 
43 . . . . . . .  9.05 74 18.85 104 28.11 
44 9.37 75 1135it5~ 19.16 105 l i ~ 7 ~  28.41 
45 1.344630 9.69 106 . . . . . . .  28.72 

boi l ing point .  T h i s  g lycerol  had  a Sp. Gr.  of 1.2616 
( 2 5 0 / 2 5  ° C.)  c o r r e s p o n d i n g  to a pur i ty  of  99 .84%.  

F r o m  th i s  glycerol  were  p r epa red  by  we igh ing  on  a n  
analyt ica l  ba lance  e leven  d i lu ted  glycerols  r a n g i n g  in 
concen t r a t i on  f r o m  2 5 %  to 98.7% glycerol .  M o s t  of 
these  samples  were  in the  h ighe r  b racke t  of 80 to 9 8 %  
concen t ra t ion .  T h e  samples  were  t h o r o u g h l y  m i x e d  be-  
fore  any  obse rva t ions  we re  made  and  were  kep t  in t igh t ly  
s toppered  con ta ine rs .  

T h e  r e f r ac t i ve  i ndex  of  these  di lu ted glycerols  and  of 
o the r  samples  of  h igh  concen t r a t i on  glycerols  inc lud ing  
C.P.,  dynami te ,  and  c rude  glycerols  was  d e t e r m i n e d  wi th  
the  B a u s c h  and  L o m b  i m m e r s i o n  r e f r a c t o m e t e r  at  20 ° 
C. T h e  t e m p e r a t u r e  of  the  wa te r  bath  used  wi th  the  
i n s t r u m e n t  was  m a i n t a i n e d  wi th in  -4- .02 ° C. of  20 °. 
To  avoid  changes  of concen t r a t i on  of these  glycerols  
whi le  u n d e r  observa t ion ,  as could easily occur  if  t he  
samples  of  this  hygroscop ic  ma te r i a l  were  e x a m i n e d  in 
open beake r s  suspended  in the  wa te r  ba th  ( the  usual  
p r o c e d u r e ) ,  the  meta l  cup  which  screws t igh t ly  on to  the  
i n s t r u m e n t  was  used in every  case. I n  th i s  way the  
sample  could  be kept  in the  w a t e r  ba th  f o r  h o u r s  if  
necessa ry  wi thou t  fear  of  change  in concen t ra t ion .  I t  
was f o u n d  t ha t  a n  apprec iab le  t ime  in te rva l  was  some-  
t imes  r equ i red  be fo re  the  r e f r ac t i ve  index  became con-  
s tant .  I n  the  case of glycerols  of 9 5 %  or  h ighe r  con-  
cen t r a t ion  th i s  t ime  in te rva l  m i g h t  a m o u n t  to two  h o u r s  
or  m o r e  be fo re  equ i l ib r ium was reached,  even  t h o u g h  
the w a t e r  ba th ,  i n s t r u m e n t  and  sample  were  all a t  the  
same t e m p e r a t u r e  of  2 0  ° C. at  the  s ta r t  o f  the  test .  T h e  
ini t ial  r e ad ing  t ends  to  be  lower  and  m a y  be  as m u c h  
as two  whole  degrees  be low the  r ead i ng  at  eoui l ib r ium.  
G r o u p s  of  ten  r ead ings  were  t a k e n  at  in t e rva l s  of  one-  

ha l f  hour ,  unt i l  the ave rages  of  successive read ings  ag reed  
wi th in  .05 ° . T h e  resul t s  are  s h o w n  in Tab le  No.  5. 

N o t e :  I n  samples  of glycerol  of  h ighe r  t h a n  9 0 %  
concen t r a t i on  some  difficulty is encoun t e r ed  in m a k i n g  
read ings  a t  20 ° C. because  of the  ind i s t inc tness  of the  
l ine as v iewed t h r o u g h  the  i n s t r u m e n t .  T h i s  difficulty 
is increased  w i t h  inc reas ing  t e m p e r a t u r e  bu t  appea r s  to  
d i sappear  if  t he  t e m p e r a t u r e  is lowered  sufficiently. 
T h u s  even  p u r e  glycerol ,  99 .8%,  gives  a clear  sha rp  l ine 
at  10 ° C. 

I f  the  r e f r ac t i ve  i ndex  of  p u r e  glycerol  is p lo t t ed  
ve r sus  concen t ra t ion ,  the  da ta  ( o f  P a r t  I, Tab le  No.  5)  
will be f o u n d  to  g ive  a smooth  cu rve  which  devia tes  on ly  
s l ight ly  f r o m  a s t r a igh t  line. I f  t he  da ta  for  the  r e f r a c -  
t ive  i ndex  of the  h igh  concen t r a t i ons  of  glycerol ,  f r o m  
80 to 100%,  is p lo t ted  on  a m u c h  l a rge r  scale the resu l t s  
fall  ve ry  close to a s t r a igh t  line. 

P a r t  I I  Tab le  No.  5 shows  the  r e f r ac t ive  i ndex  of  
4 samples  of  C.P.  glycerol  of  h i g h  pu r i t y  and  d i f fe ren t  
or igin.  These  g lyce ro l s  a re  the  samples  sent  ou t  in  1930 
to m e m b e r s  of the  Glycer in  Ana lys i s  C o m m i t t e e  of  the  
A m e r i c a n  Oil  Chemis t s '  Society.  T h e  values  g i v e n  in 
Tab le  No.  5 for  the  per  cent  mo i s tu r e  and  per  cent  
glycerol  ( b y  sp. g r . )  a re  accepted  va lues  r e su l t ing  f r o m  
the  work  of e leven  co l labora to rs  on  these  samples  and  
have  the  ve ry  sma l l  p robab le  e r r o r s  of  + 0 . 0 2 %  for  the  
glycerol  va lues  and  of  +__ .03- .06% fo r  the  m o i s t u r e  
values.  T h e  r e f r a c t i v e  indices  of  these  samples  w h e n  
p lo t ted  fal l  close to,  bu t  s l ight ly  above,  the  cu rve  ob- 
t a ined  f rom the  P a r t  I T a b l e  No.  5 values.  

T h e  r e f r ac t i ve  index  of  d y n a m i t e  glycerol  and  the  
c rude  glycerols  s h o w n  in P a r t  I I I  of  T a b l e  No.  5 is 
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T A B L E  No; 4 
°Zeiss, Refractive Index of Distilled Water Between 10°-30 ° C. 

Wagner, "Immersion Refractometer Tables," p. IX 
Re fractive 

° C. ° Zeiss Index Difference, per 1 ° C, 
30 . . . . . . . . . . . . . . .  11.8 1.33196 
29 . . . . . . . . . . . . . . .  12.1 1.33208 .000120, 
28 . . . . . . . . . . . . . . .  12.4 1.332195 .000115 
27 . . . . . . . . . . . . . . .  12.7 1.33231 .000115 
26 . . . . . . . . . . . . . . .  13.0 1.33242 .000110 
25 . . . . . . . . . . . . . . .  13.25 1.332525 .000105 
24 . . . . . . . . . . . . . . .  13.5 1.332625 .000100 
23 " 13.75 1.33272 .000095 
22 . . . . . . . . . . . . . . .  14.0 1.33281 .000090 
21 . . . . . . . . . . . . . . .  14.25 1.33290 .000090 
20 . . . . . . . . . . .  . . . .  14.5 1.33299 .000090 
19 . . . . . . . . . . . . . . .  14.7 1.333075 .000085 
18 . . . . . . . . . . . . . . .  14.9 1.33316 .000085 
17.5 . . . . . . . . . . . . .  15.0 1.33320 .000040 ] 

.o00o80 
17 . . . . . . . . . . . . . . . .  15.1 1.33324 .000040 J 
16 . . . . . . . . . . . . . . .  15.3 1.333315 .000075 
t5 . . . . . . . . . . . . . . .  15.5 1.33339 .000075 
14 . . . . . . . . . . . . . . .  15.7 1.33346 .000070 
13 . . . . . . . . . . . . . . .  15.85 1.333525 .000065 
12 . . . . . . . . . . . . . . .  16.0 1.33359 .000065 
11 . . . . . . . . . . . . . . .  16.15 1:33365 .000060 
10 . . . . . . . . . . . . . . .  16.3 1.333705 .000055 

Coefficient of Refractive Index of Glycerol 
Lewkowitseh "Oils, Fats and Waxes," 5th ed. Vol. III, 387 
Data of Van der Willlgen, Fortschritte der Physik 1869, p. 288 

Variation Approx. Per 
Specific Gravity of ND per 1 ° C. Cent Glycerol 

1.25350 0.00032 96. 
1.24049 0.00925 91. 
1.19286 0.00023 73.5 
1.16270 0.00022 62'.5 
1.11463 0.00021 56.5 

Miach more recent--although confirming the above very old 
values--is the data reported by Wolff (5) who found a change 
in refractive index of very pure 86% glycerol of .00028 over the 
temperature range of 12.5-17.5 ° C. 

in te res t ing .  D y n a m i t e  glycerol  which  con ta ins  no  de- 
tec table  a m o u n t  of  ash  and  whose  a m b e r  color  is due  to 
t races  of  organic  impur i t i e s  gives a r e f r ac t ive  index  
which  falls pract ical ly  on  the  curve  for  pure  glycerol  a t  
the  p r o p e r  point ,  as would  be expected.  I n  the  case of 
the  soap lye c r u d e  glycerols  which  con ta in  a n  appreciable  
a m o u n t  of  salt, i.e., sod ium chlor ide,  the  r e f r ac t ive  index  
is, of  course ,  qui te  meaning less ,  which  is also exact ly  
w h a t  would  be expected.  T h e  presence  of  h igh  and  
var iab le  a m o u n t s  of  sal t  in  soap  lye crude  m a k e  it im- 
possible to de t e rmine  the  pe r  cent  of  t rue  glycerol  in 
such samples  e i the r  by  specific g rav i ty  or  r e f r ac t i ve  i ndex  
tables.  Chemical  ana lys is  m u s t  be r e so r t ed  to. In  the  
case of  saponif ica t ion c rude  glycerol  the  a m o u n t  a)f in- 
organic  sal ts  p re sen t  is m u c h  less but  is still sufficient to  
g ive  a r e f r ac t ive  i ndex  which  does not  indicate  the  t r ue  
a m o u n t  of  glycerol  present .  

I I I .  S u m m a r y  and  C o n c l u s i o n s .  

T h e  r e f r ac t i ve  i ndex  of  glycerol  of  h igh  pu r i t y  has  
been  d e t e r m i n e d  at  20.0 ° C. by  the  I m m e r s i o n  R e f r a c -  
t ome te r  fo r  12 samples  h a v i n g  a r ange  of  glycerol  con-  
t en t  f r o m  2 5 %  to 99 .8%.  These  values of  r e f r ac t ive  
index  w h e n  plo t ted  ve r sus  concen t r a t i on  give  a smooth  
cu rve  which  devia tes  s l ight ly  f r o m  a s t r a igh t  line. 

In  the  case of  solut ions  of  pure  glycerol  r a n g i n g  f rom 
low concen t r a t i ons  up  to abou t  8 0 % ,  the  r e f r ac t i ve  index  
m a y  be v e r y  quickly  and  accura te ly  de te rmined .  A t  
h i g h e r  concen t ra t ions ,  especial ly  above  9 5 % ,  some diffi- 
cul ty is e n c o u n t e r e d  in ob ta in ing  cons tan t  r ead ings  since 
it  m a y  requ i re  two  h o u r s  be fo re  a cons t an t  r ead ing  is 

T A B L E  No. 5 
Refractive Index of Glycerols by Immersion Refractometer 

Temperature 20.0 ° C. + 0.02 ° 
I. Pure Glycerol, of Unusual Puri ty and High Concentra- 

tion, Diluted to Various Known Concentrations 
c- Refractive Index --~ 

Per Cent Per  Cent Prism Scale Average 
Water Glycerol Used Reading ND 

1 . . . . . . .  0.16 99.84 D 98.59 1.47346.1 
98.59 

2 . . . . . . .  1.20 98.80 D 93.04 1.471552 
93.07 

3 . . . . . . .  2.62 97.38 D 86.49 1.469325 
86.54 

4 . . . . . . .  4.74 95.26 D 78.01 1.466380 
77.99 

5 . . . . . . .  7.90 92.10 D 64.41 1.461610 
64.39 

6 . . . . . . .  10.03 89.97 D 55.19 1.458340 
55.20 

7 . . . . . . .  14.87 85.13 D 35.49 1.451245 
35.51 

8 . . . . . . .  20.38 79.62 D 1 2 . 1 7  1.442647 
12.18 

9 . . . . . . .  30.69 69.31 C 72.44 1.427030 
72.42 

10 . . . . . . .  40.46 59.54 C 31.53 1.412297 
31.48 

11 . . . . . . .  50.25 49.75 B 81.11 1.397411 
81.12 

12 . . . . . . .  74.96 25.04 A 97.60 1.364134 
97.70 

II. Group of C. P. Glycerols, A. O. C. S. Glycerol Commit- 
tee 1930 Collaborative Samples. Note: All 

Readings with Pr i sm D, at  20.00* C. 
,- Moisture 
Direct Calc. from % c--Refractive Index--~ 
Det. Curve Glycerol by Scale Average 

Sample % % Spec. Gr. Reading ND 
A . . .  4.60 4,40 95.30 79.32 1.466830 

79.26 
79.30 

B . . .  4 7 3  4.30 95.26 79.94 1.467051 
79.95 

C . . .  4.75 4.48 95.10 79.09 1.466761 
79.09 

D . . .  4.83 4.48 95.09 79.08 1.466766 
79.13 
79.11 

III.  M~scellaneous Glycerols. Note: All  Readings with 
Prism D, at 20.00 ° C. 

Moisture Refractive Index 
Variety of by Direct % % Scale 

Glycerol Det. Glycerol Ash Reading ND 
1. Dynamite Gly- 

cerol, L a r k i n  
Co., Inc . . . . . . . .  0.33 99.66 (by 

differ- 
ence) 

2. Soap Lye Crude 
Glycerol--A. O. 
C. S. 1929 Stand- 
ard Sample . . . .  

3 Soap Lye Crude, 
with high salt . . .  

None 98.26 1.473345 
98.24 

4.99 83.33 (by 8.76 96.02 1.472586 
acetin) 

6.20 79.53 (by 1362 96.36 1.472702 
acetin) 

4" Saponification 
Crude . . . . . . . . .  7.26 89.89 (by 2.55 76.52 1.465862 

acetin) 

ob ta ined  on such samples .  It  is u n f o r t u n a t e  t ha t  the  
bu lk  of  glycerols  to  which  this  m e t h o d  m i g h t  be appl ied 
a re  t he  C.P. and  d y n a m i t e  glycerols  h a v i n g  a concen-  
t r a t i o n  of 9 5 %  or  more  glycerol.  I n  these  cases t ime  
could be saved by  accura te ly  d i lu t ing  the  sample  u n d e r  
inves t iga t ion  wi th  a k n o w n  we igh t  of w a t e r  to  a concen-  
t r a t i o n  of 8 0 %  or  less and  t a k i n g  the  r e f r ac t i ve  index  of  
the  di lu ted sample.  

I t  is es t imated  t ha t  wi th  care  t h e  concen t r a t i on  of  pu re  



M A R C H ,  1933 

aqueous solutions of glycerols, including dynamite and 
C.P., may be determined by refractive index, using the 
immersion refractometer,  with an accuracy of about 
0.10%. 

The refractive index of crude glycerols is so strongly 
affected as to be meaningless by the highly variable 
amounts of inorganic salts contained in such samples. 
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Evaluation of Activated Carbons 
B y  E. A. S I G W O R T H  

Teclmical Departmem, Industrial Chemical Sales Co., New York 

~ [~ [  ] ' H E N  activated carbons are to be evaluated, one 
V V naturally thinks in terms of the question, "Wha t  

' c a r b o n  will be most economical for removing 
color from our product?" I t  is in this way that one 
often fails to realize that results other than decoloriza- 
tion may be obtained by the proper selection of an 
activated carbon. We will, therefore,  take up as thor- 
oughly as possible, all the various factors which might 
be accomplished. 

Tastes in products for human consumption are becom- 
ing very vital factors in the minds of the public. The 
salesman is able to break down resistance i f  he can 
prove that his material  is more palatable than his com- 
petitor 's product. I once had the opportunity of seeing 
a very clever soap salesman succeed in selling five cases 
of soap to a little corner grocery store-keeper on the 
fact that his soap tasted better. The salesman palmed 
the samples he was supposed to be tasting, but the store- 
keeper was not so clever, and at last ordered five cases 
in order to save himself from taking any more of the 
bit ter medicine. As a reSult of this I have always been 
very hesitant about tasting any materials which under 
ordinary conditions, have a taste far  from pleasing to nay 
palate. However,  an occasion arose when it was neces- 
sary that I taste some vegetable shortening o r  possibly 
incur the ill-will of the plant superintendent. Af t e r  
considerable hesitation, I finally consented to taste the 
supposedly obnoxious material and, much to my surprise, 
I had to report  that  the shortening had no taste what- 
ever. The  manufacturer  at tr ibuted his success almost 
wholly to the type of activated carbon which he was 
using. Since that t ime I have not been quite so hesitant 
about tast ing materials treated with activated carbons 
and consequently have noticed immense improvements in 
the palatability of such materials as sugars, syrups, 
water, oils, gelatines, fruit  juices, cordials and even wines 
and liquors. Tests have shown that not all activated 
carbons are suitable for improving the flavor of a definite 
solution, or compound. I t  is, therefore,  necessary to 
carry on tests in order to determine the type of activated 
carbon best suited for this purpose. In  carrying on such 
tests it is well to remember that  the tas tes  among various 
individuals may vary considerably. I t  is, therefore,  ad- 
visable to have at least five persons taste the various 
samples and select the carbon which receives the ap- 
proval of the majori ty.  In  the edible oil industry it has 
been found that activated carbon will correct off-flavored 
oils, and also will correct the "earthy" flavor imparted 
by a fullers earth. In  some cases the use of a preserva- 

* P r e s e n t e d  b e f o r e  t h e  23 rd  A n n u a l  M e e t i n g  o f  t h e  A m e r i c a n  Oil  
C h e m i s t s '  Soc ie ty ,  N e w  O r l e a n s ,  La . ,  1932. 

tive will impart  an "ear thy"  taste and this has also been 
corrected with an activated carbon. 

Odor  is very closely allied to flavor, and in general it 
can be said that an improvement in flavor is usually 
accompanied by an improvement in odor. (Some psy- 
chologists hold that taste is merely a secondary reaction 
of the olfactory organs.)  Edible fish oils and lard are 
very good examples. However,  certain cases ar ise  
where odor improvement is an important  factor and taste 
improvement is not essential. Dry  cleaners solvent is a 
good example. Where  activated carbons are not proper ly  
used it is very difficult to remove the last traces of odor 
from a garment,  and the cleaner is bound to receive 
complaints. In  this case the carbon acts to remove the 
last traces of free fat ty acids and soap and anything of 
a rancid nature. The presence of any of these materials  
in a solvent may  result in a sour or gasoline odor in the 
clothes. 

Activated carbons are beginning to find application in 
removing odors from air. The most notable example of  
this is in the ice-box or  refr igerator .  The carbon will 
absorb such odors as those emanating from onions, and 
vegetables in general, fish, fruits, etc., and prevent these 
from penetrating into such materials as butter, milk or  
eggs which have a strong adsorptive power of their own. 
It  seems that  since activated carbon is a more powerful  
adsorbing agent, the odors are preferential ly taken up 
by it. 

The natural  questior~ comes up as to whether the most 
efficient decolorizing carbon is also the most efficient for  
improving taste and odor. I t  is impossible to make any 
general statement which would answer this question. I t  
has been found that  one type of activated carbon is 
usually the most efficient for improving the taste and 
odor. The type referred to is manufactured in several 
different grades, according to their  efficiency in decolor- 
izing. Tests indicate that there is very little, if any, 
difference in the efficiency of these various grades for  
correcting taste or odor. I t  would therefore  appear that  
the most important  factor for making a good deodoriz- 
ing carbon is the proper  selection of a raw material. 

The value of a carbon for  correcting the odor or flavor 
of a solution is l a r g e l y d e p e n d e n t  upon the part icular  
material being treated, and the clientele served. Let us 
take for example the treatment of water  with activated 
carbon. Here  is a case where taste and odor are of  
prime importance and decolorization with activated car-  
bon  is very seldom a mat ter  of any consideration. I t  has 
been remarked previously that the tastes of various in-  
dividuals will vary considerably. This is especially t rue 
in the case of water. I t  has been my experience to go  
into a community and find the water  supply t o  have a 
very perceptible off-taste. Upon inquiry I have been 


