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T H E  R O T A T O R Y  P O W E R  OF COhIhIEKCIAL 
GLUCOSE AND G R A P E  SUGAR.  A hIETHOD 
O F  D E T E K M I N I N G  T H E  A h I O U N T  O F  R E -  
DUCING SU13STAXCE PRESEN'T BY T H E  

1POLARISCOPE. 

BY PROF.IV.  11. SVILEY. 


Fmin fhc rora?,iiai ojdhe Aiizcricnx Chciiiiinl So~.ieijr, l"(~l',11. 

In  " the  trade" the name of grape sugar is applied 
only to the solid product obtained from corn starch. On 
the other hand, the tern1 "glucose " is given to the thick 
syrup ~ n a d e  from the same material. 

I shall use these n~orcls in their com~nercial sense. 

INSTRUhIENTS EhIPLOYED. 
I usecl in the follo\ving investigations tivo l~olariscopes 

made by Franz Schmidt and Ilaensch, Berlin. T h e  
readings of these instruments, after correction for dis- 
placement, agreed well together. 

The  one was the instrument ordinarily used, in \1111ich 
the purple ray is employed, and the quartz half moons 
give blue and red tints. 

Both of these instrumeuts are graduated to read loo  
divisions, each equal to one per cent sugar with a solu- 
tion containing 26.048 grms. pure cane sugar in loo  c.c. 
In addition to this scale the half shadow has another 
which gives the actual angular rotation. 

This  is especially convenient when the specific rotatory 
power of a substance is to be determined. 'The angular 
rotation, however, can be calculated for the former 
instrument. 

For  if we take the specific rotatory power of cane 
sugar at 73.8@, we have the following equation : 

n X 100 
73.8 = 2xy6z8whence n = 38O.45. 

. . 

Each division on the cane sugar scale is therefore 
equal to 0°.3845 angular measure. 

This quantity corresponds to the transition tint. It is 
tliffereut tor the differently colored rays. In the half 
shadow polariscope, an  instrument particularly adapted 
to  persons afflicted with any degree of color-blindness, 
the mono-chromatic light coming fro111 the sodium-Bun- 
sen lamp passes through a crystal of acid potassiunl 
chromate. T h e  rap thus produced is less rotatable than 
the " transition tint." 

Wheu the instrument gives roo divisions on the sugar 
scale, it s h o ~ i ~ s  an angular rotation of only 34O4.2' = 34O.7. 
Our division, therefore, of the sugar scale, is equal to 
0°,347 angular measure. 

T o  deterinine the specific rotatory power of cane sugar 
for the sodium-acid potassiun~ cilrornate ray, we use the 
follo~ving equation : 

~ p .  = 660.6.rot. pr. 34:.7X rOO = 
z X 26.048 

T o  determine the specific rotatory power for any other 
substance ivhich has been determined for the transition 
tint, we lllultiply by the factor o.goz4. 

Thus ,  if we take the specific rotatory p o \ ~ ~ e r  for ally 
other substance which has been determined for the 
transition tint, we ~nultiply by the factor 0.9024, 

Thus,  if we take the specific rotatory power of dex-
trine for the transition tint a t  13g0, for the half shatlom 
tint it will be 139' X 0.9024 = 125O.4. 

These data rest upon the accepted formula : 

Here a = angular rotation. 
0 = specitic rotatory go\ver. 
F = amount of substance in one grin. of the 

solution. 

6 = specific gravity of solution. 
;1= length of observation tube. 
w = weight of substance in grms. 

hIATERIAL. 
T h e  glucose studied in the follo\ving examinaticns, 

was made by the Peoria Grape Sugar Company. I am 
under obligations to Mr. Allen, the superintendent, for 
many favors in connection with my work. T h e  grape 
sugars were made in Buffalo. 

ROTATORY POWER. 
T h e  average value of H for the " half shadow ray " is 

nearly 85". For  the purple ray it is nearly 94". I t  
however varies extremely in different samples. 

T h e  following table will show the range of these var- 
iations. 

TABLE I. 

Shozuzitg vnrzklzb?zs of  8 zk (I'zYc?*z.e?zt s j e c z i : ~ e ~ ~ s  of ~ l z d -
cosc nndg-rape S Z ~ ~ Z Y ,  with the sjeczfic-grav-l o x e t j l e ~  
itit$ of t hsn//ze. 

--

0 Sy. 61.1 
I... . . . . . .  . . . . . .  89.36 ' I,416 

2. . . . . . . . .1 91.jo . 1.407 1 12... . . . . .  87.73 1.422 

3... . . . . . .  98.10 1 . ~ 0  13... . . . . .  89.77 1.417 

4... . . . . . .( 79.93 1 1.414 1 14........ 70.84 1.463 

5 . .  . . . . . . .  75.47 1.414 , I  15... . . . . .  


83.97 1 I,417 16.. 
69.40 1.463'6.. . . . . . . .  ...... 87.67 1.412 


7. . . . . . . . .1 82.75 . 1.416 17. . . . . . . .  109.99 1.427 

8. . . . . . . . .8 6 . 4 1  1 1 1 8 .. . . . . . .193.17 1.431 

9... . . . . . . I  84.11 1.416 19........ 89.75 1,409

10... . . . . . . .  87.19 1 1.417 ( 20... . / 91.31 / I421 

--- I --- -

From a study of this table it is seen that within small 
limits 17 is inclependent of the specific gravity of the solu- 
tion. Nos. 14 and 1 5  were grape sugar, and the specific 
gravity is inuch higher here than in the glucose, while 
the value of 0 is much less. 

Where the increase in density, however, is considera- 
ble, a s  in 3 and 17, there is also a marlied increase in the 
value of 0,although this increase is not proportional to 
the increment of specific gravity. In masses of homog- 
eneous nature and srructure we should expect n j r z b r i  
that  0 would al\i,ays be proportional to the density of the 
body, z'. c., to the amount of optically active matter in a 
uilit o lumber of grammes. 

I t  is thus seen without further argument that commer- 
c ~ a lglucoses are not optically homogeneous, even when 
made in the same factory and by processes which do 
not sensibly vary. 

A further study of these optical reactions con'irinced 
me that the rotatory power of commercial glucose in- 
creased as  the percentage of reducing substance dimin- 
ished. 

The  follo~ving table shows the value of 0 and the cor- 
resl~ondingpercentage of reducing matter as obtained by 
Fehling's solution. 

ABLE 11. 

I . . . I . . .  

2... . . . . . .  . . . . . .  

3 . .  . . . . . . .  . . . . . .  


. . . . .  . . . . . . . .  

5... . . . . . .  75.47 62.50 15... . . . . .  

6 . . . . . . . .  83.97 39.35 ' 16... . . . . .  87.67 1 56 34 

7 . . . . . . .  83.75 51.40 1 17... . . . . .  109.99 1 39.22 

8... . . . . . ., 86.41 ( 58.80 . 18... . . . . .  93.17 57.14 

9. . . . . . . . . .  84.11 . 58.55 1 1  19. . . . . . . .  89.75 54.37 

10... . . . . . .  89.19 ( 55.60 1 20... . . . . .'91.31 56.81 


I 

I t  will be seen by the  above table that  as  the per cent 
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of reducing matter increases, the value of il diminishes, 
and vice verscc. Nos. 14 and I7 show extreme cases of 
this law. Nos. 3, 18 arid zo, because of their high speci- 
fic gravities, shoultl not be included in the  above gener- 
ahzation. Having thus estahlishetl the law that the per 
cent of reducing matter is in general invel.sely a s  the 
value of 17, it is next proposecl to investigate the relation 
between these two quantities, and determiue whether it 
is constant or varial~le. 

From Nos. I and 2, of table 11, it is seen that  for a 
value of 0 = 91.50, the percentage of reducing matter is 
53.78. Let us say for convenience in calculation t11;lt 
f j  = 91.50 co r r e sp~nds  to reducing substance = $3 per 
cent. Let us  considrr nest, sonle of the cases which the 
value of B differs \viclely from 91.50. No, 17 of above 
table affords an  esample. 

T h e  difference is, IOg.g9-gI.S0 = 18.49 T h e  tliffer- 
ence in the per cent of reducing substance is 53-39.22 
= 13.78. Thus  an  excess of the value of (1 of 18.49 tor-
responds to a deficit of 13.78 in the percentage of reduc- 
ing matter. 

Therefore a variation of each degree in the value of 0 
is equivalent to 0.745 in the percentage of a reducing 
matter. By similar calculations with the other data fur- 
nished by the table, I have found, not including Nos. 3, 
18 and 20, marlted by the high specific gravity, that  thls 
number lies between 75 and 78. 

I will give the calculation for the first of these num- 
bers, and compare them with the numbers obtained by 
analysis. 

Nuaruna. 

I. . . . . . . . . . . . . . . . . . .  

2 ..................., 


. . ................. 


. . . . . . . . . . . . . . . . . . .  

7................... 

8 ................... 

g ................... 


I0 .................... 

I1 . . . . . . . . . . . . . . . . . . .  

12 
13. .  
14... . . . . . . . . . . . . . . .  

Ij................... 

16. . . . . . . . . . . . . . . . . . .1 

17.................... 

IS. .  . . . . . . . . . . . . . . . . . I  

19.. ................. 

20.. .................. 


0.00 

0.00 

t18.49 

- 1.7j 

t 1.66 

I n  the above table, Nos. IS, 19 and 2 0  are  the tilree 
specimens \vith high specific gravity. W e  Lvill, there- 
fore, exclude them from the discussion. In the other 
Ilumbers the percentage of reduciilg matter, as calculated 
from the reading of the polariscol~e, falls sllort of the 
amount obtained by the alkaliIle copper test ten times, 
and by an  average of 1.018. I t  exceeds that aniount 
seven times with an  average of 0.75. Tve thus see that 
the polariscope will e.lable us to compute the reducing 
matter present in a glucose with a probable error of less 
than one per cent. This is quite accurate enough for 
practical purposes. 

Perhaps a larger number of detern~inations should be 
made before constructing a formula for de t e rn l i~ l in~  the 
amount of reducing in substance a " straight glucose. 
T h e  follo\ving formulz, however, are given provisionally, 
subject to some slight correction derived from more ex- 
tended data. 

Tire may ]lave three cases : 
I. T h e  value of 0 = 91.50 
2. " " < 91.50 
3.  " " > 91.50 

In  the  first case the percentage of reducing substdnce 
in a glucose, if not far from 1.410 SIX gr., w ~ l l  be  nearly 
53. 

In the second case the recluired percentage may be 
found by the follol~ing formula, in which tc = difference 
between the vaiue of 11 ant1 91.53, and g = per cent re- 
ducing required- 

g = j3 + 0.75 (1 or 0.78 n 
In the third case me have 

g = 53 - 0.75 n or 0.78 a. 
In order to make the plinc~ple of more general appli- 

cation, I have modifiecl the calculations so a s  to apply 
the foriiiula ilirectly to the cane sugar scale of the instru- 
ment. 

T o  this end, for instruments using 26.048 gramrnes for 
IOO divisions, it is convenient to use only 10grms. of the 
glucose, If 26.048 grms. are employed, the neutral point 
is thro\vn entirely beyond the limit of the zcale. Ten  
grammes is the quantity which has been employed in the 
tollovc.ing table. 

T h e  a\-erage reading of the sugar scale for ten grammes 
is about $0. 

In the follolving table will be found the results of the 
experiments. 

TABLE IV. 

I . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . .  

3 . .  . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . .  


1 

data. 
Starting with Nos. I and z, and discarding small frac- 

tions, we find that 53 tl~visions of the cane sugar scale 
correspo~ld to 53 per cent of reducing matter nearly. 
BYa method of calculation entirely similar to that em- 

11loyed in determining the reducing matter from the 
fluctuations of (3, I have found that a variation of one 
degree in the sugar scale corresponds to an  inverse var- 
iation o f  llearly 1.25 per cent of reducillg substance. 

W e  may have as  in the previous calculation three cases. 
1st. The  r ead~ng  of the scale = 53 
zd. " " " > 53 
3d. O' " " < 53 

In the first case 53 = 58 per cent nearly. 
In the second case, placing n for the reading of the  

1 
scale, we have 

g = 53 - (-53) 1-25 
In the  third case we  have 

g = 53 $. ( 5 3 - 4 )  1.25 
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In seven of the first seventeen cases the percentage of TABLEV. 
reducing substance calculated by the above formula, ex-
ceeded that  given by the copper test, and by a mean 
amount of 0.539. 

In  ten of them it fell short, and by a mean amount of 
o:938. This method, therefore, can be  relied u11on to 
glve results which do not vary from the copper test ex-
cept by a small amount. 

Not much more in the way of accuracy can be claimed 
for the copper test itself. 1 

In Nos. 18, 19 and 20 we haye again the cases where 
the high specific gravities vitiate the results of the calcu-
lation. 

CORRECTION FOR SPECIFIC GRAVITY. 

I next proceeded to find out a method for correcting 
the reading of the for variations, by 
challges in the specific gravity of First 
1 determined the percelltage of water in glucose of differ-
ent specific gravities ; following are the results : 
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;,; Rcduclng '',St,b~r;.~riC2;;;~ed,Same byNLIMMEIC. sc31r, by Gal- Cu. Sol. 
culation. 

- - i  
18 . .. . . . . . . . . . . .  51 63 53 46 55.83 5 6 8 11
19.. . . . . . . . . . . . . . . . .  5653  48.59 55.17 ; 54.60 
20.. . . . . . . . . . . . . . . . .  j3 70 52.10 56.55 51.14 
- _______-- -- -L ~ - - 1 ~ 

The  above corrections were bIsed on the suppositioIl 
that  53 divisio~lsof the scale correspolld to  53 per cent 
reducing matter, when the sp.  gr. = 1.409, and the per-
centage of water '5' 

W e  may therefore construct the following provisional 
formulz for estimating the correction to be applied to  the 
reading of  when 'p. gr '  of the 'pecimen 
varies much from 1.409. 

Let n = reading of scale. 
" (1' = corrected reading. 
" 

E = sp. gr. of the  sample. 
Then a' = a-3 0 (r-1.409), 1v11en the sp. gr. is greater 

than 1,409, and a' = n + 3 n (1.409-E), when E is less 
than 1.409, 

I next propose to undertake some investigations to 
show the nature and number of the optically active prin-
c~p le spresent in glucose. 

T H E  U N I T Y  O F  N A T U R E .  

EY THE DUKEO F  ARGYLL. 

X. 

THE ORIGIN OF RELIGIOW COWSIDERED IN THE LIGHT 
OF THE UXITY OF NATURE. 

iCoitclicded. I 

I N  the beginning of this chapter I have observed how 
little we think of the assumptions which are involved in 
putting such questions as  that  respecting the origin of 
Religion. And here we have come to a point in our in-
vestigations a t  which it is very needful to remember 
again what some of these assumptions are. In  order to  
do so let us look back for a moment and see where we 
stand. 

W e  have found the clearest evidence that  there is a 
special tendency in religious conceptions to run into de-
velopments of corruption and decay. W e  have seen the 
best reasons to  believe that  the religion of savages, like 
their other peculiarities, is the result of this kind of evo-
lution. WTe have found in the 111ost ancient records of 
the Aryan language proof that  the ioclications of religious 
thought are higher, simpler, and purer as  we go back in 
time, until at  last, in the very oldest compositions of hu-
man speech which have come down to us, we find the 
Divine Being spoken o f  in the sublirne language which 
forms the opening of the Lord's Pra) er. T h e  date in ab-
solute chronology of the oldest Vedic literature does not 
seem to be known. Professor Max Miiller, however, con-
siders that it may possibly take us back 5000 years.' 
This is probably an extreme estimate, and Professor Mon-
ier Williams seems to refer the most ancient Vedic 
hymns to a period no: much more remote than 1500 
B, c."ut whatever that  date nlay be, or the corres-
ponding date of any other very ancient literature, such a s  
the Chinese, or tha t  of the oldest Egyptian papyri, when 
we go beyond these dates we enter upon a period when 
we are absolutely without any historical evidence what-
ever, not only as  to the history of Religion, but as  to the 

Hibbert Lectures, p. 216. 
'' Hinduistn," p. 19. 

Sp. gr. 
Weight taken 
LOSS 
Per cent H z 0  

Sp. gr. 
Weight taken 
Loss 
P e r c e n t H 2 0  

Sp. gr. 
Weight taken 
Loss 
Per cent 1 1 2 0  

Sp. gr. 
Weight taken 
Loss 
Per cent H 2 0  

SP. g.r.
W e ~ g h ttaken 
Loss 
Per cent H z 0  

I .  
-- 1.440 

= 5.515. in Pt. dish. 

-- O.353 at  'hours. 
= 0.35 s 5.515 = 6,37. 

11. 
-- I .43I 
= 5.86 
-- 0.53, I ~ o ' ,2 hours. 
= 0.53 T 5.89 = 9.05. 

111. 
-- 1.409 
= 4.038 
-- 0.622, 170', 3 hours. 
= 15.40 

IV. 
-- 1.416 
= 4.425 
-- 0.525, 170°, 2 hours. 
= 11.93 

v. 
-- 1.417 
= 8.639 
-- 1.091, 170°, 3 hours. 
= 12.70 

VI.  

SOLID GRAPE SUGAR. 
Sp. gr. = 1.463 
Weight taken = 7.215, 170")3 hours. 
Loss - 0.61-


Per cent H,O = 9.29 


These  data are scarcely sufficient to establish a rule 
for correct~onfor variations in specific gravity, but it ap-
pears from them that the formulze will llot vary much 
from the following : 

T h e  rule, 53 divisions = 53 per cent, s tems applicable 
to samples in \vhich the percentage of H ? 0  is rz to 14, 
and of which the sp. yr.is from 1.409 to 1.414. For  each 
variation of 0.001 in the specific gravlty, the perceutage 
of HnO varies about 0.3. 

Thus  if we take the two extreme cases, viz. : 6.37 and 
I 5.14 per cent of H 2 0 ,  we find the corresponding speci-
fic gravities to be 1.440 and 1.409, a difference of 0.031. 

T h e  difference in the percentage of water is 9.03. T h e  
quotient of 0.0903 t 0.031 = 3 nearly. 

Let us  apply these data to the correction of Nos. 18, 
19and 20 in table IV. I give below these numbers and 
also their corrections. 


