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Tar Rorarory POWER ©OF CoMMERCIAL  GLUCOSE AND GRAPE
Sugar., A MeTHOD OF DETERMINING THE AMOUNT or Repuc-
ING ‘SUBSTANCE PRESENT BY THE POLARISCOPE. By I W,

WirEy, of Lafayette, Ind.

I ““the tmde” the name “Grape Sugzu'” is apphed only to the
solid pr oduct obtained from corn starch. On the other h'md Lhe
term ¢ Glucose ” is given to the thick syrup made from the same

material. I shall use these words in their commercial sense.

_ INSTRUMLNTS EMPLOYLD.

I used in the followmcr 1nveshga’rlons two polarlscopes, mac]e
Dy Franz Schmidt and Heensch, Berlin. :

The 1e£|.c11n0's of these 1nstruments, after correcmon for dlsplace~
ment, agreed well together.

The one was the instrument orchnarlly used in which the purple
ray is employed and the qmrtz half moons give blue and red
tints. Lo

The other was the La.m'ent 6 half shadow.

Both of these instruments are gradnated to read 100 divisions
each equal to 1 per cent. sugar with a solut;on containing 26.048
grams. pure cane sugar in 100 cc. | o

In addition to this scale the * halt‘ shadow d lms another wlnch
gives the actual angular rotation. Th1s is especmlly convenient
when the SpeCIﬁG rotatory power of a subst"mce is to be deter-
mined.

The angular rotation however can be calculated for the former
instrument,

, For if we take the specific 1‘Ot’lt01‘y power of pure cane sugar at
.'3° 8 we have the followmo" equation; -

. rmgoogio. GX100 oy e R T ‘_}'
' ‘ 73°.8 = TS I0E ‘whence a = 38%45 . . |

Each division on 1 the cane sugar scale is t;heref'ore equal 'to
0°.3845 angular measure.

This quantity corresponds to the transition tint. It is different
for the differently. colored rays. o

In the ¢ half sh‘mdow ” pohmscope, El.ll 1nst1'ument pm'tlculm'ly
the mono-chtomatlc light, coming from the sodmfﬁ-Bunsen lmnp,
passes through a crystal of acid potassium chromate.
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The ray thus produced is less rotatable than the ‘¢ transition
tint.” When the instrume.nt-.gives 100 divisions on the -sugar
scale, it shows an angular rotation of only 84° 42/ —= 84°.7,

 One division therefore of the sugar scale is equal to 0°.847
angular measure. N ‘ s
T'o determine the specific rotatory power of cane sugar for the

sodium-acid potassium chromate ray, we use the following
equation. . | | T
o Sp. rot. pr, :% == 66°.6

To determine the specific rotatory power for any other substance
which has been determined for the transition tint, we multiply by
the factor .9024, ' I

Thus, if' we talke the specific rotatory power of dextrin for the
transition tint at 139°, for the ¢ half shadow ” tint it will be
139° X .9024 — 125°.4. o -

These data rest upon the accepted formulee ;

(1) Oz_a.?.t\.
e GXV
2) 0= e

Here a = angular rotation.

‘¢, 0= specific rotatory power. | N |

¢ e == amount of substance in one gramme of the solution.
0= gpecific gravity of solution. |
) = length of observation tube.

f‘ w = weight of substancc; in grammes,

MATERIAL. *

"The glucoses studied in the following examinations were made

by the Peoria Grape Sugar Company. I am under obligations to

Myr. Wm. Allen, the superintendent, {0y many favors in connection
with my work, | o

The grape sugars were made in Buffalo.” o

i o 0o L RoTATORY POWER. .. _

 The average value of 0 for the “ half shadow” ray is flearly 85°.
For the purple ray'it'is nearly 94°, It however viries extremely
in different smmples, ' 7 T T Tt e

Viairaics w
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The following table will show the range of these variations ;—

e Glucose and
Lowin Variations of 0-in different Specimens of
. Cr*rgcpe Sugar, together with the Specific Gravities of the same.

TABLH I.

No. 0 Sp..gr. No. | g Sp. g,
1 01.50 1408 n | 8 1416
9 o150 | 1407 12 8773 1422
3 B0 w0 || 18 | s 1417
" wos | L M| 708t 1468
5 1847 1414 15 69,40 1463
6 83.97 1417 || 1o 87.07 L1
7 85 1416 17 0000 1427
8 sl 145 || 18 13.17 1481
9 841, .| 1416, 10 | 808 1400
0 | .. 810 - Ladir | e | enst f 1

 From a study of this table it i séen that within small limits ¢
is independent of ‘the specific gravity of the solution. o
Nos. 14 and 15 were grape sugar and -the specific gravity Is
much higher here than in the crlucoses, while tlm value of 0 is
much less: - ‘ : :
Wheére the increase in dens1tv however is conmdcrahlo, as in
3 and 17, there i3 also a marked increase in the value of 0, ﬂlLllOll“‘ll
ihis increase ‘is- not proportloml to the mcremenl. ol qpeclﬁc
grawty o SR o
“Tn masses of homogeneous nature and structure we should
éxpect a priort that ¢ wounld always be proportional to the density
of the body, . e., to the ru:nount of optlcally 'u,Lwe nmttm‘ ina
Uikt ntimber 'of ‘grammes,
i1t is thus seen without Turther argument that commercinl glu-
‘toden dre not optically homogeneots, even when made in the same
factory and by processes which do not sensibly vary. A further
stiidy off these optical renctions convinced me that the rotatory
ipower off comttrercidl” glucose! inerensed, a8 thoe percentage of
l‘é‘ﬂiwha'oi“éiibstMléc diminished: 7 Thoe ‘following table shows the
valte'of 0rand the- corvesponding percentafm 0[‘ reducing roatter
as obtained/by Féhling’s s6lution, ' ' -
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CTABLE IL

No. e 1'ed111)(?i1‘1.1gc-(133§'l:t81'. Ro. : -‘ 6 : ‘Jl-ecltzl)c?itl"ngc?rxr;g'ttev.
1 91.50 5320 4] 11 80.36 53.50
g 01.50 - b2.36 12 - -1 o BBAS
3 98.10 51,60 13 su.:77 | 52.86
4 0.3 61.73 T 08k | eoos
5 7547 62.50 15 69.40  paso
G 83.97 59.85 16 s.67 | mosd
7 82.75 ot40  H 17 | 10040 e
8 86,41 \ 88O {| 1. 93,17 e
9 8411 ooeess Lo ] e | sy
10 87.19 B b6ago 20 . 0131 56.81

It will be seen by the above table that, as the per cent. of redue-
ing matter increases, the vaIue of ¢ diminishes, and wvice Q)e?sa.
Nos. 14 and 17 show extreme cases of this law.

Nos. 3, 18 and 20, because of their high specific gxavmes
should nob be included in the above generalization. :

- Having thus established the law that the per cent. of 1'educing

mmatter is in general inversely as the value .of 0, it is next pro-
posed to investigate the relation between these two quantities and
determino whether it is constant or variable. . From Nos. 1.and 2

of.table II, it is seen that for a value of 0 = 91.50, the percentage
of reducing matter is 52.78. Letus say for convenience in caleula-
tion that ¢ = 91.50 corresponds to reducing substance = 53 per-
centage. Let us consider next some of the cases in which. ithe

value: of ¢ differs. widely from 91.50.. No. 17 of above- table

.ﬂﬁ'cn ds an exanple.

The difference is 109.99 — 91,50 — 18.49.. The difference in the
percentage of redmcing  substance.js p8 — 39.22 ==.13.78. . Thus

an.excess of the value of ¢ of 18.49. .corresponds. to. a deficit of

13.78 in the percentage of veducing matter., . .. ... ...
.. Lherefore n variation of each degree in the value of 0is equlva-

lent to..748. in. the pcl.ce.utag\e,.of,__l,ed.ugmgK.mat\tel,.‘ By similar
-calcalations; with the,  other; data: furnished by. the -table I have
found, not inecluding. Nos. .8, 18 and 20, marked by the hlgh

specific gravity, thnt Llus number lies between .75 and .78.
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I will give the-calculations for the first -of these nmumbers and

COMMERCIAL ‘GLUCOSE AND GRAPE SUGAR;

ompare them with the numbers: obtmned by analg sis.

‘ TA.BLE III

o ;.| Par:cent. | Per cent. . Por cent. | Per cont.

I varla- | redncing | reducivg Varia- | redncing | reducing

No. tion of .| matter | matter by || No.. [ tion of matter matter by

8. by .6 | -Fehliugs {| @ | 8 Ly .70 Fehling’s

factor. solution, factor. solution.
1 0 53. | 6320 1 — 8.77 53.82 56,40
2 0 53. | ‘b2ss 12 | — 173 5129 566.18
3. | —12,08 | 6208 | 6173 || 18 —20066-| 688 | 0€0.03
4 o —1e08 | eso0s | o280 | 14 —2210 60.66 | 60.30

5| — 753 |- beet | 5oss || 15 . 3.88 55.88 50.00 .
6 | — g5 60T | 6140 )18 +18.40 ‘| 8014 | 80.22
| B0y | o681 | B880 || 17 — 1,45 5,82 5408

g ) —mga'{ meBs | b8sI Yl 18 | = 10 5314 © 56,81
G| —a80 | BE2LC[ BEOO 10 | +000 | 4718 64.60
g0 | =eas | Beea | s3s0 Cf| 20 | o 60| BLW | 674

Iy the above table, Nos. 18, 19 a.nd 20 are the threo speclmens
wﬂsh high SpeCIﬁO aravities ; we will, therefore, exclude them from
the disoussion., ... - S :

- In the other. numbels the percentage of 1ec1ucmo' matter ns
calcula.ted from the readings of the polariscope, falls short of the
amount obtained by the alkaline copper test ten times, and by an
-average of 1.018. .It exceeds Lhat_ amount, seven tlmes, _wxbh an
_ amerage of .75, i

.. We.thus see that the polamscope w111 enable us. to Lompute the
_1ec1ucmg 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 la.rger number of det.ermmatlons should be made
before constructmg a formula for determmmg the amount of
reducing substance in a * straight” glucose.

The following formule, however, are given provisionally, subject
steipoie slight correction derived from more extended data.

8 We may have thl,ee cages: .. -
: " ist. The v'tlue ot‘ 0 = 91 50. |
2nd. ¢ @ w “<91 50,
Br@ T we W w9150,

¥
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- In the first case, the percentage of reducing substance in a

glucose of not far from 1.410 specific gravity will be nearly 53..
In the second case, the required percentage may be found by

the following formula, in which ¢ == difference between the value

of ¢ and 91.50 and g = percentage 1educmg substance required.

g = 53 4 ..f5a 01- ."Sa,
In the thud case we have
g = 58 — .7ba or .78a

In order to make this principle of more general application, I
have modified the calculations so as to apply the formulae directly
to the cane sugar scale of the instrument. To this end, for
instruments using 26.048 grammes for 100 divisions, it is con-
venient to use only 10 grammes of the glucose. If 26.048
grammes are employed, the mneutral point is thrown entirely
beyond the limit of the scale. Ten grammes is the quantity
which has been cmployed in the following table. The average
reading of the sugar scale for ten grammes is about 50. In Table

IIV (p. 814), will be found the results of my experiments.

" The ealcnlations (Table 1V, p. 214) were made from the f'ollow—

ing data. . ,
Starting with Nos. 1 and 2 and discarding small fractmns, we

“find that 58 divisions of the cane: sugar scale cowespond to 53
‘per cent. of reducing matter nearly. ' e

" By a method of calculation entir ely similar to that employed in
determining the reducing matter from the fluctuations of 0,I-have
found that a varviation of one degree in the sugar scale corresponds
to an invetse vm'mmon of neally 1.25 per cent of 1'educmo* sub-

‘stance o .

"We may have, as in the previous ealeulation; th1eef cases.

. 1st. The reading of the scale = 53
' | 211(1 c.r. L u 8 Y > 53
8rd. ='=. l j“_ W < 58
-+ In.the first case 53=.—:: 58 per- oent nearly L -
In the second case placing & for the reading of the scale we hzw
g = 58 — (a,——53) 1.25

In the third casre We hwe ‘
g =258 - (53-—~—-a) 1. 25
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Per cent. o
No. Secale. mggﬁ:gf S;b' ‘]1;;1;33;';)%'1.5&?3 Difference.
caleulation.

1 52.65 648 | . 5320 + 2
2 5e.05 | B343 52.36 — 1,07
3 46.07 I ees 61.73 — 07
4 43.05 6400 | 06250 + 2.0
5 804 st ). 6085 —_ 0
K 40 1 8908 G —~ 17
7 40.80 om0 | saso — 1.80
8 48.45 858 | . 6855 + .0
5 50.26 5645 - | - 6500 + 8
10 stee |7 sess. | 5350 <+ 1.30
11 50.57 56.04 6040 — 5
19 5174 558 6618 — 1.0
13 40.83 821 | 6098 — 17
1 w00 [0 eses | . 6080 — .08
15 50.53 56.00 © 50.34 — 21
16 03.80 30,50 1 s + 28
17 5178 5487 | - 5405 + .82
18 2 S I ¥ | . sesL

19 5653 4850 54,00

20 53.70 20 | b

In seven of the first seventeen cases the percentage of redueing
substance, calculated by the above formulee, exceeded that given
by the copper test, and by a mean amount of .539.

i ten of them ity fell short and by a moean amount of .988.
This method thorcf’ore, can be. 1‘e11ed upon to glve 1‘esults wlnch
vary from the copper test 01113 by a small mnount o |
N N ﬁ mdéh more 111 the Way of‘ acclu‘acy ca,n be clmmed for the
copper et ftdelf” 0 P : -

In Nos. 18, 19 and 20'we lnve un*am ‘the chsey where the lngh

o il .
s‘ﬁe‘é’ilﬁc 1orm,\n{neé Vitifite the résiilts ¢f the calculﬂtion.. o

Wiol Jnn Vi D GARRECTION ¥OR SPECIFIG GRAYLTY-' T
IrwEgt pirosedid ito investigate a method for: correctmd the
reading of the polariscope’for variations caused by changes inthe

i
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specific gravity of the specimens. TFirst, I determined the per-
centage of water in glucoses of chﬁ'erent speclﬁc gravities.

Following are the 1'esults — _
‘ : I
Specifle gravity = 1.440
Weight taken = 5,615 . :
J.0s8 =< .350.at170°, 2 hours. ‘
Per cent, H,0 = .85 ~- 5,518 = G.37 !
Specific gravity = 1.431
Weight taken. =—25.80 ‘
Loss == .53, 170° 2 hours.
Per cent. 0,0 = .53 ~- 5.86 = 0,03

TIT.
Specific gravity == 1.409
Weight taken = 4. 038
Loss = 622, 170% 8 hours.
Per cent, IT,0 == 15, 10
1v,
Specifle gravity == 1.416
Weight taken  ==4.425
Loss = /23, 170°% 2 hours.
Por cent 11,0 = 1193
v. .
Speecifie gravity == 1.417
Weight taken == 8.639
T.oss . = 1.001, 170°, 8 hours.
Per cent., 0 = 12,70 '
VI

Solid Grape Sugar.
Specific gravity = 1.463-
Weight taken = 7215 o
Loss "= .01, 170% 8 hours,
. Per canti, H3O = 9.20 -

.These data are scarcely sufficient to estabhsh a, 1'ule for comec—
t1011 for v'u'mtlons in specifie gravity; but it ¢ 'Lppefu's fmm them
that the formulse will not vary much from the followmg _

.The rule, 53 (11\'1s1ons 53 percentqoe, seems ftpphcfl.ble to

amp]es in which tho pementqfre of IO is 12 to, 14 zmd of' Wluch
the specific gravity is from 1.409 to 1.414. .

TFor each variation, of 001 111 the speclﬁc ﬂ'l‘fl.Vlt_Y t,he percent‘we
of IIO varies about .3.

Thus, if we take the two extreme cases, viz., 6.57 and 15.40
percentage of H,0, we-find the corresponchnrr specific ‘gravities
to e 1.440 and 1.409; a différence of ,031. STt U PR SO e
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The diﬁ"elence in the percentage of water is 9.03. The guotient

of .0908 -+ .081 =38 nearly.
Lat us apply. these data to the couectloa of Nos. 18, 19 and 20

in t‘].ble IV,
I give below these number and also their. corrections,

TABLII V.

~Reducing sub- | . . _ | Sama by copper

‘o' I seale. | stanece by Same corieeted. Holubmn

: .. ealeulation,.. L ‘ ‘ '

s | saes | s3de : *‘.'- §5.83 - b0.8L

15 56.63 48.59 556.17 580
c0 | 30 Coma0 oS5 | BT

The above corrections were based on the supposition that 53
divisions of the scale correspond to 53 percentage reducing mat-
tetiwhen the specific gravity = 1.409 and the percentage water 15.

We may therefore construct the: following provisional formulee,
for estimating the .correction to be 'Lpphed to the reading of the
scale when the specific gravity of the specimen varies much from
1.409. ) _

Let ¢ = reading, of scale ;
“ @/ = corrected reading;
¢ ¢ = sp. gr..of the sample.

Then o = @ — 8 @ (¢ — 1.409) when the specific gravity is
greater than 1.409; and a=a-+3a (1 409 — e) wlmn e is less
than 1.409.

T next propose to undertake some investigations to show the
natare and number of the optically actwe prmclples or esent in
cr‘ueoso.
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Vi

Tor Errsor or Hparineg wrre DILUTL Acms, AND TREATING
©wirk ANiMAT, CHARCOAL ON THE ROTATORY POWER OF GLo-
COsSE ; WITH NoTEs ON THE JESTIMATION OF Cang SUGAR AND
GrLucose 1N Mixrures. By H. W. Wicty, of Laf'fmyette, Tad.

Smaring dilute solutions of glucose or grape sugar with animal
charcoal produces a slimy. precipitate. : SRR

L. use. the words. glucose .and grape sugar in then‘ commelcml
sense. By glucose I mean the thick syrup made from corn starch,
and by grape sugar, the solid product made from the same sub-
stance.

By pure glucose I mean the substances present capmble of
reducing the alkaline copper solution. I will not take time here
to discuss the propriety of these names, nor the exact nature of
the substances present. - o :

I have made some experiments. to determlne the effect of ammﬂl
charcoal on the rotatory power of the glucose of commerce,  -The
following are some of the results obtained. -

In each case 10 grammes of the substance were taken a,nd que
up to 100 cc. - The observation tube was 200, mm. in length.

| EXPERIMENTS.

Reading before nddition of coal.veereieasanss PR . .
Alter shaking with 20 grammes conl.csvagivasisesinisrirenaciasias 47,20

LQSS-C*.-..-.‘II0llcllclal..lht-t-blllli‘.lu|0.0'-l.l;l‘-llll 4-80

an S
QRCH.(MDQhefcl’e-...........,..._-_...,.........‘.. il.-ogtiib.o!'of.'v:p‘oﬁoc.‘rl.'i 52:”.6‘3;_.‘,‘
After addition 10 grammes coal..eseescsacaas renees vevneneranegene 80,28

B T TP TY SELPRYPSTITTIIT I 21

t R
I

|]II' L b KRR

‘ReadingBet"ore..;.;.;;..;..;...... ...... merirreasavisaninas veeres B2°.63° ‘V 1
After addition 4 grammes ivory hlack.seeerecoscscsanieracnsanees 82 88

OB B e e ssntsatonesssvnssnsananstunsstassnaastaascannnnsnas 256

Rending HelOrei e e avssconresvsssatnsressssrrnetssusnsnsanss evvenen 02,20
After addition 4 grammes ivory blaekK..ooveeneeen warareasranan . 01.13

LOBSustiersenrnasnncrsctananee eeessebnetidcinannreaseteses 1.07

V.
Reafding DEfOT0.cverse sraseirrsrssarrasssssassssnassaersssssroses b2°.20
After addition 10 grammes ivory blacKk.veseeeererrrissseerassess 48,13

TyOBB e e veessanssssaninasnscarsasasisnsnsosnsnaveeasvasssans 4.07
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From these figures it is seen that a glucose may loge nearly 10
per cont. of its 10tat1ncr powel wh(_u slnken wn,h ammal char-
coanl, : S ‘ - R
This is a matter of gleat importance when atfemptis are made
to examine commercial syrups with the polariscope.

These syrups are usually highly colored, and require a great
deal of bone black and lead acetate to make them.fit for polari-
scopic examination. I have not yet tried the action 0[’ lead acetate
on the rotatory power of: glucose. X P

"Heatine witTe Dirvre Acips.

The followmfr readmgs as well ag those in the prccedmo* part of
this paper arve divisions on the cane sugar scale.

. R S .
- A glucose gave dlrcet Yeading.ivevireveviiciivnvniiinsrcrrrive,. 58%.7
ITented to 68* with 10 per cent. of its volume of stmng‘ Bulphml(} o
< heid, Reﬂdmg..; e I 1 I

Loss...........................,....,-...................... R
 Hentdd same gincoso fox 50 minutes ot 08° Reading.....veeeess 5070
T L R P T T o 2.04
L
I1I,

Direct reading . another glUe08E. covr e iaiiiiinraivitivainn e, 43%,80
Heated for 10 min. at 68° with 10 per cent. of its volume strong
I‘IC]. Readingu‘clQlll‘illl-l‘ninl-tu_, R N R N R PR WY TR SR 48°vo62

. :LQSB,.!lilll'l_l,lOC""'_'_"-'lil.!_!l‘lll0"~vvhhvullnlull-o\--nn.goy.'.pq. : "‘.51 :
. "IV.' .
i Hoeated same glncose 20 min. at 68° Readmg sl et 8e
' LOSBeeensinnn.. b rrerseenarenens S A L et 1400
i R ; i
JV' Lo . . : [ .
Heated same for 30 min. 4668% ReadiNg..c.vvsveseesrernreeennes 40916
. SRS SRS o S
MESIEA I VT A S R E e AT R AR LR
ST L S . e 0 iV L A A N SNLEER
IIcntcd same for one hom atﬂs" Rcading.. tessssiseaensassinasy 89°.90
;:K)}“H w h{ ‘Liq‘is g-l'lll.lll -------------- R R LT RN FITE I 1*@,10 [
Thie 1)01' ‘cént. of 1educm«snbstanne in the above snmple befme .
200018 HeAInE WItH PO ReId WAL\ v vu i shvitn doint oo iversindibianin, 102750
”_{H,“ . "o‘c_.;---“-:-_-‘-n-qloqq " o edygnisie |¢‘7 .I..“‘.:-.;'...;-'-'05‘.58”-‘!“;.7‘:}

“"‘i! "W{i”«i ,,?F:;l{eiaiselﬂl!i!ll!.blllull} .uuu-n aian e ats o p esede oui-_----i 8»08
Thlls a'loss of 4,10 on the cane sugor scale conesponded to o
_ Enin of 8.08 per cent. in reducing power,

I

"
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i A grapesugar gave divect redding. oveeeeadoasiieaysis lieeddel 40088
TTeated with l it3 volume strong HCl for 20 min. nt; ¢%°, Reading 31 .70

:-qusi----'---i¢|o-.;o-o-i_.gi.-‘--.&---'ll‘.-‘-‘-‘--_---’..\‘-’-ol‘-"-;'-'-‘- f 9.13 .
| ‘von o
.t A grape sugar gave Airect Yending. «veeeeeres 4Q°.00
«n CAfter heating with L vol. IICL for la min. at G8° Readmg‘ 33 .02
‘ LOBS s e nannnnnn it arennas aness T 48 o
The per cenk. of redueing substance. in thé above was, buf_oxe :
heating ..... Pavees ettt arearasegratusaTmurnTe e matany GE]“.30
Aflter heating...cooeanenes Ceeresaabariararana B P LLELETTEERTIT %1°.50
Gain........ eerreeeras Craresereineinenns Cireearenreeaate 2 .20

Thus o loss of 7.45 divisions in rotating power corresponded only
to an increase of 2.20 per cent. in yeduceing power.

It will be seen, by inspection of the foregoing numbers, that
glucose and grape sugar undergo quite a degree of change when
sulucctcd to the process of inversion as it is pmctlsed on cane
sugar.

This change is sufficiently great to introduce an appreciable
crror into the process of estimating cane sugar and glucose in
mixtures. A T

CONVERSION oOrF tTHE wHOLE oF THE OPTICALLY ACTIVE SUB-
sTANCES IN GLUCOSE INTO PURE I\IONO ROTATORY GLUCOSL

I next made an attempt to convert the whole of’ the optlcally
active substances, present in glucose; into pure glucose, by pro-
longed heating with dilute sulphuric acid.

The. conversions were made in a flask fitted with. a glass tube
about one metre in length, e
By this device, vapors arising arc condensed and flow back
into the flask. Thus no loss of volume takes place. .

The flask was at fivst heated in a WIl.tCI‘ bath at 100°. o

The ‘coh version, however, took place so slowly by this method,
that I afterwards added enolwh a.lb to the bath to raise the tem-
perature to 104°. ' P e e U b e

The sulphurie acid employed was of 1.25 sp. gr., and was used
in the proportion of 10 per cent. ‘of the volume ol the glucose .
solution. - The readings were made in o tube longer by onc-tenth
than half of the 1encrth of the 200 mm., , and the results multiplied
by 2. e e
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The following table contains the results of my work. -

Nos. 1. 2, and 8 were heated: at 100°. No. 1 for six hourq,
No. 2 for four hours, and No. 8§ for three hours. - G

Nos. 4, 5, and 6 were heated for three hours at 102°.

Nos. 7, 8,9, 10,11, and 12 were hemted for three hours at 104°,

"I‘AIBLE I.

so. | esngigtore | it | SRS | it
Cl eas 0 mame’ | esaee 8L

5 isd0 | ' Bo.Bs ol e ~ 80.00

3 sas | s | wmae ) 1 80.00
4 wao | eso | sm |  vol0
5 o0 | se ] skis | 8200
6 “so | sss0 | esss | 8L
T ses | sae0 | ens0 | es.3
s | om0 s | 9730 | . 9000
o | am | eas w800
0 | ame w40 | g6 | s2.0 |
n | s | e | w0 84,60
v | s | epes | w07 | 8LE0

In all cases the samples agsumed a decidedly yellowmh tint b=
fore the completlon of the opcmmon, 1nt01'fer1nnr somewlmt w1th
the dehcacy of the final readings.

No. 8 was a sample of glucoso made for confectloners use. It

we exclude it, we get Lhe following genernl results, .
1st. The per ceut o[‘ 1'edu(31ncr subst‘mce obtfnned 1s noarly
82.00. C
2nd The 'werfwe Te admw of the cane sucral se'tlc 15 nearly
2.3 lelSlOl]S. ' '

8(1 If the pm‘e glucose present s “fono-rotatoty, the spccxﬁc
8,85 X 160
EAER

thgﬂljm,gu;\gu,*Pygtmt;pne (lnlf shadow); .corresponding to 25.5,di-
visions,of the scale.  Bub. the . specifie rotatory. power.of pure..
‘ghmg for,the half shadow in ile, polariscope iis. supposed to. be,

nearly 80, We Laye then here an excess.of ¢ equal to 4.

1'otat01' pow\ er 0 would be 0, _._. .__‘.0:4 n‘early 8° 80 15

i

i
‘-5@:;#!
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4th. This ‘execess-is- dae -to the presence :of ‘optically active
matter. of a higher speeific: ‘rotatory power.than pure glucose,

which has mnot Dbeen clmntrea even, . by plolonged bmhng W1th
dilute acid. - SRR o x

I conclude, therefove,. that it is qmte cllf.'ﬁcult to convert . the
whole of the optically actwe matter into pure mono-rotatory
dlucose.

E"{AMINATION' or MIXTURES.

In the e\ammamon of mixtures of cane sugar and grape sugar,
it is necessary, ﬁlst to obtain the direct reading., Afterwards,
the cane sugar is to be inverted, using at the most not more than
ten minutes for this, and keeping the temperature at 68°. It is
simply necessary to Lieat to 68° and then quickly cool. -

After inversion, the tempemture is carefully noted and another
reading taken. Then, by Clerget’s table, the per cent. of cane
sugar is calculated. This, however, will only be apprommqtely
correct. We next calculate the whole amount of rotation pro-
duced by the approxim ate amount of orape sugar present. Havi ing
determined this, the reading after inversion is to be corrected, for
the eIfect of inversion on the rotatory power of the grape sumu'
present. The average correctlon, when the heating has been
carried 3ust to 68°, will' be about two per :cent. of the whole -
rotation due to the gmpe sugar. If the process of inversion is
cairied on Tor an hour, as is the practice with some, this cor1ect10n |
may amount to 10 per cent. ,

If the amount of 01ucose present 1% \'ery Sm‘l.ll tlns correctton

can be nenrlected But if the’ ‘Lll‘lOl]llt is larg ge, & i"ulure to cmrect
will introduce an appreciable error into the result. If animal
chm‘coa.l has becn used, a correction must be mwde also for it,
dependm as has been shown upon {he rmm:)unt emplog ed, ‘Lnd also
upon some other conditions which are not, 3et clearly made out, -

It is easy to see into how grave an ervor we might fall, should
weé attempt to estimate directly the per cent. ‘of 1educmo' sub-;
stance present in such mixtures from its 1'ot‘1,f01'v power L hay ed
shown in o pl‘@Vlom pqpcr that 1.110 per, cent. of such 1'educ1r.|0
substance is not directly but inversely as its 1*otfnt01'y power. ‘_

The error would ‘he cqually as grave, if: the amount of-the -
grape sugar ‘present should 'be- computed by using o Tactor sup-
pomd to represent the amount of ‘such substance for each division:
Sf the scale.  Such a method is based npon-the assumption that:
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the rotatory power of grape sugar is constant and proportional to
the reducing substance. pmsent My paper, ‘Lh'eady mentioned,
Shows that this wssumptlon is false.

Smnrs. S

“TWhen we come to the syrnps of commerce, the cidise beeomes
still more chlﬁcult; “Those Syrups « are glucose adulterated with so

called canc 33 1'nps, i e, mth the drippmgs and 1'efuse of thé
sugu' refinerics. :

Among these sy iups which are commonly used I may ‘mention
the Revere and the Continental.

"A Revere syrup, which 1 examined, had a specific grm*lty of
1. 425, and (,ont'uned 84.5 per ceént. cane sugar.

“A Continéiital syrup had a specific gl'a\'lty of 1.415, and 85.7
per cent cane suoffu' It ‘1150 cout'uned 82. 04 per cent of inverted
sugﬂ.r. ' |

It is easy 6 see how the admmtum of such syrups with glucose
tends to demoralize the results of the alkuhne copper test, :mc"l
my stify the readings of the polariscope.”

No wonder that, heretofore, such egregious blunders have beon
committed ‘inthese examinations., It is only when examinations
site made with a full knowlédge of the optical peculimmes of the
commercml glicose jtself, and of the composmon of the cane
syrups employod hile' at the same'time attention is paid to the
changes produced by inversion and clamﬁc-mon that they can be
rehed upon as correct

o OBSERVAI‘ION TusEs.

In the polamscomc observatlon of 1nv01 ted suo ars, I use
copper tube, silver plated inside ‘md out I ﬁnd the most con-
venient, leno th to De 110 mm. This tube enmbles the 1(:&(:11110‘5 to
be made W1Lh0ut thc t1011ble of‘ nentmlmntr the acid. .

The silver phtmo of ‘e tube is not necessar Y, but it m‘tl\es the
working with it a little cleaner,  Pure 001)1)01 can he used wi thouu
1y, danger Y wln e\ or. of the amd actlng on 1t ‘

i N8e At tubq o} tlnu coppel and, of smflll dmmeter A few cc.
v.gw,],l il onc of Lheqe tubes. Such a tubo., when ﬁlled qmc.k]y tnheb
the, -g:} q;;}t.me oi the surrounduw air. I hfue found by e\—

. peumentss that when suq:h a, Ltlbe is filled w1th o hqmd several

clyeg,%neg% oyg,or b qlow the temperatule of t.he air, in twent,y mm-

utes it w111 chf’fer ?y 1ess th:m halﬁ a. devree from that; temperature.
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CIF An ordmm'y olasé tube is emponed it is qmte difficult to say
Low much time will be requued to restore the equlhbrmm of tem-
perature. My experiments show that it will Tequire, at least, from
two to three times as long
I also provide this t.ube with a metallic jacket, very con-
vemently made of a pmoe of zinc tublna ‘This jacket is a little
lgss in diameter thun the met-ﬂho caps of the tube, and is. of‘ such
a length that when tlie caps are screwed on, the _]acket ﬁts ao*funst
a_shoulder turned on them. The _]omt is mede wa,ter twht by
using a rubber pflcklno'.

_This jacket is farnished with thr ee openmfrs ﬁt,ted w1tl1 short
tubes. One in ‘the cenfre earries a thermometer, One at each
end serves as & supply or exit tube for any hqmd Whlcu we may
wish to pass through the _]acket, :

By simply drﬂlmo' a hole in the trmmh of the pol'u'lscope for
the exit tube, the whole apparatus can be placed at once in
position.

- If now you wish to make a 1‘eadlno' th a tempemture, say of 88
it is done in the following way:

.In alarge flagk or ta,nk, placed at one smle and ztbove the polar-
1soopo, and holding several litres, water is heated to o temperature
of about 92°. By a rubber tube, this 1s connocted on the prin-
c;ple of a siphon w1th the observatlon tube and its Jaoket By
means of a pinch eock attached to the exit tube, the hot W"LtEl is
allowed to flow throuoh the jacket until the thermometer shows
the temperature desired. Tt is hardly necessary.to 8oy that the
observation tube must e hlled at a tempel ature near tlnt at
W]_noh the reading is'to'be made to prevent expatigion. |
YT we desire to m-xke a 1emdmu at 0° cmrespondmn‘ to 44" to the
fért Clerget, we replade the water by ‘#léoliol, which is cooled by a
salt and ice bmth to -—3"’ or”" 4°." The mpparams 1s then use(l as
be{‘oro. Tt e o

"We have thus o means of m'tklno' readings at any desired tem-
perature without havi ing to mutll'l,te the polmlsoope, as is dorie by
fitting it with a water Dbath. T will ‘say, however, that 'a Jll(llClOllS
use of” Cle1 get’s prmclple renders 1ea(11110‘s at a owven tempel"ttm‘
unnecess‘u y. They are, however, useful in cért 'un complex mm—
tures b} nmkmg certain calculatlons unhecessary. :

T propose next to ew:tend my 1nvestwmt1ons to ofmches ranl other
confectlons in ‘which glucose entei's as an ingredient.” o



