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The density and refrac tivc indices of l!tc lose solu tio ns in the range of unsatu ration a re 

reported to fi ve decim al places at 20° and 25° C. For solutions of higher cOllcentralion up 

lo 50-percent lactose. t he co rrespondi ng valnes are repor ted at 25° C a nd for refractive 

indicee a lone at. 15° C. 

1. Introduction 

Lactose, the disacch arid e commonly known as 
milk sugar , has for many years been of commercial 
impor tance. U nt il r ecently i ts principal usc was 
in the manufacture of pharmaceu ticals, food prod­
ucts, and in th e preparation of modifi ed di ets; 
however, the penicillium industry now also r e­
quires large quantiti es of this sugar. ! 

In th e presen t investigation measurements h ave 
been made to determine the density and rcfracLive 
ind ices of lactose solu tions. The tables here pre­
sented are expected to be of usc to th e investigator 
working with pure solutions as well as to th e an­
alyst dealing wi th solutions in wh ich the total 
solids may be calculated as lactose. 

II. Preparation of Lactose 

The lactose used in th is investigation was care­
fully prepared by repeated crystalli zations of th e 
commercial product. The procedure consisted in 
heat ing a 50-percen t solution in a wa ter bath at 
90° 0, treat ing with decolor izing carbon , and .fil­
tering. The' fi l trate was th en seeded with a-lactose 
hydrate crystals and stirred con t inuously while 
cooling in an icc bath . Th e resulting crystals, 
which were uniformly small and well formed , were 
purged on a centrifugal machin e and wash ed con­
secutively wi th cold water and alcohol. After 
three cry tall izations, the ash con ten t had de­
creased to 0.002 percent and rema in ed constant. 
The specifi c rotation of a-lacto e hydrate in equi­
librium olu t ion is + 50.53°. Thus the direct 
read ing of a 10-percen L solu t ion would amoun t to 
+ 30.35°. The effeet of th e last Lrace of impuri-

1 E. O. Whittier, J. Dairy Sci. 27, 505 (1944); a rev iew, Lactose a nd its utili­
zation , contai ns mall Y rercrenccs to work on lactose. 

Indices of Lactos e Solutions 
78()520-~ S--5 

t ies on this l'eading is beyond the accuracy of the 
observations. Analysis by the m ethod of Munson 
and IValker showed the prod uct to be uncha nged 
within the r.ccuracy of the method. H ere, as in 
the case of specific rota tion , small tr aces of impLll'­
i t ies \I'ould not affect the l'C'sults not iceably. W e, 
therefore, believe that ash co ntent is a more r e­
li ablc criteri on for pu rity. The r ecrystalli zed 
product \I'as dr ied in the ai r and stored in a desic­
cato r over commercial a-lac to e hydrate. UncleI' 
these conditions the vapor pre ure was 0 main­
tained that loss of water of crystalli zation was 
prevented. 

Lactose hydrate contains 1 molecule of wa t er of 
crystallization , wh ich amounts to 5 percent of the 
total weigh t. Any change in th e wate r of hydra­
t ion would be reHecLed as an error in the percen tage 
composit ion of the prepared solu t ions and h e11cc in 
the reported physical constan ts; we, therci'ore, 
carciully investigated the composit ion of the 
crystals as to mo isture conten t and werc assured 
that we were dealing with a hydrate of unifo rm 
composit ion. :Many moisture de te rmin ations we're 
J'un in order to dctermine' thc most favo rable 
condi t ions for this analysis. 

The r esults obtained when thc hydrate was 
d ried in a vacuum at 85°, 120°, and 130° 0 a re 
shown in fig ure 1. In all cases th e loss in water 
was accompanied. by some decomposit ion of th e 
sugar as ind.i cated by a yellowing of the sample. 
This discoloration was more pronounced in th e 
:rec rystallized sugar than in the ori ginal com­
mercial p roduct, B ecause' th e ash con tent cle­
crea eel on recrystalliz.ation f rom 0.0135 to 0.002 
percen.t , it is suggested. that a bufl'cring m atrrial is 
pl'esentin th e commercinJ product and that this 
retards decomposit ion . rfitc minimum discoJora-
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FIGURE 1. Dehydration of a-lactose hydrate at 850 , 1200 • 

and 1300 C in vacuum. 

tion during loss of water appeared to take place at 
120° 0, and, therefore, this temperature was 
subsequently used in determining the moisture 
content. T he drying curves shown in figure 2 are 
representative of those obtained during the 
progress of the investigation. Inspection of these 
curves shows the danger of using an arbitrary time 
when determining the moisture content of any 
given sample of a-lactose hydrate. 

III. Physical Measurements 

The range in concentration where accurate 
density and refractive index measurements can 
be made is limited by the relatively low solubility 
of lactose and by the readiness with which super­
saturated solutions tend to deposit crystals. At 
20° 0, a saturated solution of lactose contains 
16 percent of sugar, a low value as compared with 
49, 67, and 70, the respective percentages of 
satm'ated dextrose, sucrose, and levulose solutions 
at this temperature. Supersaturated solutions 
deposit lactose hydrate crystals with great ease 
and thus limit the reliability of measurements 
made upon them. We have, therefore, carried 
out density and refractive index measurements 
with high preci.sion in the range of unsaturation. 
The values reported for supersaturated solutions, 
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although not obtained with the same preClSlOn, 
are suitable for many purposes and thus are in­
cluded in tbis investigation. 

1. Density of Lactose Solutions 

D ensity measurements were made in a carefully 
calibrated flask. When filled to the lowest gradu­
ation at 20° 0 , this flask contained 126.333 m!. 
Its neck, 6-mm inside diameter, was graduated 
in 10 divisions at intervals of 0.02 ml. Tbe volume 
reading could be estimated to one-tenth of one of 
these divisions, thus permitting a precision slightly 
greater than two units in the fifth place of density. 
The flask was recalibrated from time to time dur­
ing the progress of the investigation, and the vol­
ume was found to be constant within the error 
of reading. 

A quantity of a-lactose hydrate was introduced 

6 . 0r----r----.----,----.----.----~--_, 

FIGURE 2. 

HOU RS 

Dehydration of a-lactose hydrate at 1200 C in 
vacuum. 
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into the weighed flask and accurately weighed. 
The sugar was dissolved in distilled water and air 
removed from the solution. The latter was 
accomplished by placing the slightly warmed 
flask in an environment of r educed pressure, 
care being taken to avoid spattering during this 
procedure. Water was t hen added to some point 
within the gr;aduation, and the flask was rotated 
in such a way tha t the solution did not weL the 
upper part of the neck of the flask. After remov­
ing the water adhering to the flask above the 
solution by means of a curren t of dry air, the 
flask was placed in a thermostat and the final 
volume t aken when the solut ion had come to 
temperature. As the manipulation was t ime­
consuming, mutaro tation was completed before 
the final observation of volume.2 

At th e t ime of each weighing, t he density of the 
air in the balance case was determined by weighing 
a glass bulb, whose true mass had been determined 
at this Bureau . All weights were reduced to vac­
uum, the value for the density of solid a-lactose 
hydrate being taken as 1.540 in accordance wiLh 
the determinations recorded below. 

The experimental data are assembled in tables 1 
and 2. From these observed values the following 
equations wer e calculated by the method of least 
squares. Her e the density of a lactose solu tion 
is expressed as a function of the percentage, (:P), 
of a-lactose presen t. 

D 2.0= 0 .99823+ 0.003739p + 0 .00001 28 1p2. (1) 

D21= 0.99707 + 0 .003717p + 0.00001 263p2. (2) 

The deviation of the observed values from those 
calculated by formula are given in the last column 
of each table. The observed values show a mean 
deviation of less than 3 in the fifth place at 20° C, 
and less th an 2 a t 25° C, from those calculated by 
formula. We, therefore, believe that the formulas 
are valid t o some units in the fifth decimal. 

The values now given in the literature for the 
density of lactose solutions have been determin ed 
in connection with specific rota tion studies. The 
work of Schmoeger} as well as that of Fleischmann 
and Weign cr / will be consider ed because these 

2 rPbe proced lu e used in mak ing the dens ity determi nat ions was essentiall y 
that descri bed by Jackson and Matthews in their work on lev ul ose; BS J . 
Research 8, 405 (1932) RP426. 

, M . Schmoegcl', Ber. deut. chem. Oe,. 13, 1922 (1880). 
• W. F leischmann and O. Weigncl', J . Landw. 58,45 (19tO). 
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T A B LE 1. Density of lactose solutions at 20.0° C 

Weight Weigh t Weight Can· 
D 240 

Devia-of lac- of lac- of soln- Volume D~o ealcu-
tose 1 tose tion of solu- centra- lated by tion 

(air brass (vacu- (vacu- tion t ion of observed form- from 
wt. ) urn) um) lactose ula Z 

formula 

----------------------
g g g ml Percent 

2. 2413 2.2427 126.9997 126.381 1. 766 1. 00490 1. 00487 +0.00003 
2.7596 2. 7613 127. 1586 126.344 2. 172 1. 00644 1. 00641 +.00003 
5.8969 5.9004 128.3891 126.405 4. 596 1. 01570 1. 01569 +.00001 

10. 9203 10. 9268 130.2569 126. 404 8.389 1. 03048 1. 03050 -.00002 
15.8408 15.8502 132. 1234 126. 444 11. 996 1. 04492 1. 04493 -.00001 

17. 1718 17. 1903 132.6147 126. 442 12. 963 1. 04882 1. 04885 -.00003 
23.5294 23.5441 134.9147 126.398 17. 451 1. 06738 1. 06738 0 
24.0298 24.0450 135.1012 126.402 17. 798 1. 06884 1. 06884 0 
25.3294 25.3444 135.6730 126. 493 18.681 1. 07357 1. 07255 +. 00002 

I a-lactose hydrate. 
, n ',°=O.99823+0.003739p+0.00001281P'. 

T ABLE 2. Density of lactose solutions al 25.0° C 

Weight Weight Weight Con-
D~5 

Dc \'ia~ of lac- of lac- of solu- Volume D 2l calcu-
tose 1 tose Lion of solu- centra· lated by tion 

(air brass (vacu- (vacu- Lion tion of observed form- from 

wt.) u rn) um) lactose u la' for mula 

----------------------
g y q ml Percent 

1. 0643 1. 0650 126. 4207 126.390 0.843 1. 00024 1. 00021 +0.00003 
1. 8585 1. 8596 126. 7549 126.432 1. 467 1. 00255 1. 00255 0 
5.2778 5. 28 to 128. 0341 126. 436 4. 125 1. 01264 1. 01262 +. 00002 
8.1789 8. 1838 129. 1437 126.470 6.337 1. 02 11 4 1. 02 113 +. 00001 

10.2912 10.2974 129.9499 126.496 7.924 1. 02730 1. 02732 -. 00002 
15.1632 15. 1723 13 1. 7102 126. 457 11. 519 1. 04154 1. 041 57 -. 00u03 
20. 1185 20. 1306 133.5434 126.4(i.1 15.074 I. 05599 1. 05598 +.00001 

I a-lactose hyd rate. 
, D': = 0.99707+0.oo3717p+0.00001263p'. 

investiga tors extended their observa tions to SU­

per·saturated solutions. Schmoegcr reported valu es 
for the density of lactose solu tion containinO" as 

'" much as 36 percent of the sugar. His values are 
gi ven in the four th place. Fleischmann and Weig­
ner obtained data on solu tions con taining as mu ch 
as 69 percen t of sugar. The latter au thors r eport 
that gr eat difficulty was encoun tered in preparing 
solutions of the higher concentra tions, and henee 
only few observa tions were made. vVe believe 
tha t the inclusion of density values on super­
saturated solutions, although they cannot be 
obtained wi th grea t precision, may be of value to 
investiga tors working with this sugar. Therefore, 
we have applied the method of leas t squares to the 
data presen ted by these early investigators on 
supersaturated solutions for concentrations as 
high as 50 percen t and ob tained the followinO" 

'" 

65 



equation relating the density to the percentage 
concentration. 

D'f= O.9982 + 0 .00370p + 0.0000150p2. (3) 

Tables 3 and 4 are working tables containing 
density values for unsaturated solutions and for 
saturated solutions of concentrations up to 50 
percent. The values for unsaturated solutions 
are based on eq 1 and 2, and those for the super­
saturated solutions were calculated by use of 
eq 3. 

TABLE 3. Density of lactose soltdions at 20° and 28° C 

4 hy drate 
D25, I a-Lactose 

------ ------

Percent 
0 __________________ . __ _ _ O. £9823 
L. _____________________ 1.00198 

2_______________________ 1.00576 
3 _____ ._________________ 1. 00956 

4_________ _____________ _ 1. 01339 

5 ___ . __________________ . 1.01725 
6_______________________ 1. 02113 

7 ______________________ . I. 02503 
8___ _ ___ _ ___ ___ ___ __ _ ___ 1. 02S96 
9___ __ ___ _ _____ ___ ___ ___ 1. 03292 

10_. _ ___ ____ ___ _ __ ______ l. 03690 

11 _.____________________ l. 04091 

12__ ____________________ 1. 04494 
lL____________________ 1. 04900 

11.. ____________________ 1.05309 

15__ __ __ _ ___ ___ ______ ___ I. 05720 

16______________________ 1. 0613:' 
17 __ _ _______ ___ ___ ______ 1. 06550 

18.. ____________________ 1.06968 

I D~o=0.99S23+0.003739p+0.0000128Ip' . 
, m5 =0.99707+0.0037175P+0.00OOI263p'. 
3 D~O=0.9982+0.00370p+0 .OOOOI50p'. 

P"cent 
0.99707 20 ________ 

1. 00080 22 ________ 

1. 00456 24 ________ 

1. 00834 26 ________ 

1.01214 28 ________ 

1. 01597 30 ________ 

I. 01983 32 ________ 

I. 02371 34. _______ 

1. 02762 36 ________ 

I. 03155 38 ________ 

I. 03551 40 __ . _____ 

1. 03949 42 ________ 

1. 04350 44 ________ 

1. 04753 46 ________ 

1. 05159 48 ___ _____ 

1,05568 50 ________ 

I. 0597S 

1. 06392 

2 . Density of Crystalline Lactose 

D~03 

I. 0782 
1. 0869 
1. 0956 

I. 1045 
1.1136 

1.1227 

1.1320 
1. 1414 
1. 1509 

1. 1605 

1.1702 
1.1801 

1. 1900 
1. 2001 
1. 2104 

1. 2207 

The density of the crystalline a -lactose hydrate 5 

was required in order to convert the weight in 
air to weight in. vacuum . 

The lactose was weighed in a calibrated flask, 
and the flask was fi lled with dry toluene saturated 
with lactose at 20° C . The trapped air was 
removed from the crystals by applying gentle 
suction while rotating the flask. All weights werr. 
reduced to the vacuum standard . The results of 

5 Previous va lues (E. O. von L ippmann, Chemie DcI' Zuckcl'arton , p , 1526 
(von Friedrick Vieweg und Sohn (1904)); Lichten stein 1.543, Boede ker 

1.5384, FilhoI1.&14 , Joule a nd Playfair 1.530, and Pionchon 1.525 (C. S. lIud­
son and F. C. Brown, J. A m. C h ern. Soc. 30, 960 (I90S)), Hudson and BrO\nl 

1.54 (sp gr a-lactose h ydrate) 1.59 (sp gr /i-lactose). 
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TABLE 4. D ensity of lactose solutions at 20° C 

Anh ydrou s 
lactos0 

Percent 
L __________ 

2 ___________ 
3 ___________ 
4 ___________ 

5 ___________ 

6. __________ 

7. __________ 
8 __ _________ 
9 ___ ____ ____ 

10 __________ 

11. _________ 
12 __________ 

13 __________ 
14 __________ 
15 __________ 

16 ~ _________ 

17 __________ 

1. 0021S 

1.00616 
1. 01016 
1. 01420 
1. 01S24 

1. 02236 
1. 02647 
1. 03062 

1. 03480 
1. 03901 

1. 04324 

J. 04750 
1. 05179 
1. 05611 

1. 06046 

1. 06484 
1. 06924 

Anhdyrous 
lac t ose 

Percent 
18 __________ 

20 . __ ._. ____ 
22 __________ 
24 __________ 
26 __________ 

28 . ________ . 
30 __________ 

32 ~ _________ 

34 __________ 

36. _________ 

3S. _________ 

40~ ________ _ 
42 . _________ 

44 . _________ 
46 . _________ 

48 ~ _________ 
50 __________ 

1. 07367 

1. 0827 
1. 0919 
1.101 2 

1. lt07 

1.1203 
1.1300 

I. 1399 

I. 1498 

1.1600 

I. 1702 

1.1806 
1. 1911 

J. 2017 
1. 2125 

J. 2234 

1. 2345 

these measurements are given in table 5. The 
density of lactose hydrate was found to be 1.540 . 
The density of commercial ~-lactose , an anhydrous 
form that has found extensive commercial use 
because of its greater solubility, was found to 
be l.589 . 

3 . Refractive Indices 

The re ractive indices of unsaturated solutions 
of lactose at 20° and 2~-" C were determined by use 
of a carefully calibrated immersion refractometer 
under accurately controlled conditions of tem.pera­
ture. All m.easurem.en ts were made in a cons tant­
temperatLll"c room whose temperature was m ain­
tained within 2 degrees of that at which the water 
in the bath surrounding the instrument was 11 eld. 

The instrument was inserted in a large glass 
tube, 83 mm in diameter and 350 mm in lcngth. 
T his contained sufficient watr.1" to surround th e 
instrument cup containing the sugar solution . 
The glass tube with the suspended instrument was 
placed in a constant-temperature 'water bath, so 
that only a small part of it extended above the 
surface of the water. A thermometer was placed 
beside the instrument. Illumination was sup­
plied by an electric bulb submerged in a glass tube 
similar to that containing the refractometer. 
Th e floor of the bath reflected the light into the 
instrument. Under these conditions a very sharp 
lin e characteristic of total refraction was observed, 
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TABLE 5. Density of crystalline lactose 

Weight of 
D~o l 

Weight Weight Volume D!O pure Volume a-lactose Total Volume tol uene a-lactose a- lactose toluene toluene toluene hydrate volume toluene 
(vaeuum) (vacuum) (vacuum) hyd rate hydrate 

0 ml q q ml ml ?Ill 
86.6441 100.2355 0. 8644 1 19.1054 98. 5649 126.4265 114.0243 12.4022 1. 5405 
86.5196 100.0915 .8644 1 19. 1054 98.6121 126.4838 114.0789 12.4049 1. 5401 
86.64 13 100.2285 .86444 19.105'1 98.52[02 126.3883 113.9784 12.4099 I. 5395 
86.5947 100. 1765 .86442 20.0613 97.9627 126.3597 113.3277 13.0320 I. 539·1 
86.5650 JOO. 1425 .86442 --------- .------- -------- -------- --------- .-------

I 
avg ______ 0.86442 

=== 

86.6176 100. 1685 .86472 10.2736 103.5757 126.4532 11 9.7836 6.6696 J .5404 
86. G24 1 100. 1805 .86468 10.2736 103.5025 126.3692 ] 19. 6989 6.6703 1. 5402 

I 

I 

86. 5739 100. 1235 .86467 --------- -------- -------- -------- --------- --------

avg ______ 0.86459 avg ______ I. 5400 

I Weight 
Volume D~o 

I 8-lacLose 
Il- Iactose B-lacLose 

I (vaeu um ) 
I 

----- -- -------- 0.86469 22.8752 96.8837 126. '170,1 11 2.0794 14.3910 1. 5895 

.------ ------.- .86469 22.8752 96.7750 126.3501 III. 9537 14 .3964 J. 5890 

------- -------- .86469 22.8752 96.8459 126.4265 11 2.0357 14.3908 1. 5896 

8vg ___ , __ I. 5893 

1 Samples of toluene from two din'cren t lots were used for t hese exper im ents. The density of tol uene recorded in the determina tions on Il-Iactosc is the average 
"alue for the second lot of reagent. 

permitting a precision of a few hundredths and 
an estimated accuracy of 0.1 to 0.2 of a scale 
division in the reading of the instrument. 

The conversion tables supplied by the manu­
fadm'er are based on readings for distilled water . 
In accordance with these tables, the instrument 
was set at 14 .50 at 20° C and at 13.25 at 25° C. 
These readings are equivalent to indices of l. 33299 
at 20° C and l.33252 at 25° C. R eadings on dis­
t illed water were made frequen.tly, thus insuring 
the setting of the instrument. The arbitrary scale 
readings were converted to refractive indices by 
use of the manufacturer 's tables. 

Equations relating the refractive index to the 
concentration were prepared by subj ecting the ob­
served data to the method of least squares. 

n22= l. 33299 t o .001409p + 0.00000498p 2 (4 ) 

n2J= 1.33251 + 0.00140 5p+ 0.000004805p2. (5) 

Table 6 and 7 contain th e observed data as well 
as those calculated by formula. 

Indices of Lactose Solutions 

TABLE 6. Refractive indices of lactose solutions at 20.0° C 

Weight Weight Zeiss im- nbo of lac- of lae- Weight Con- mersion nbo Devia-
tose 1 toso of soll! - centra- sca le calclI - Lion 
(air (vac- tiOIl (vac- tian of reading observed lated by from 

brass uum) uurn) lactose 1= '0.o°c form ulu:O form u la 
wt) 

------------------------
q q q Percent 

2.24 13 2.2427 126.9997 I. 766 21.00 I. 33551 I. 33549 +0.00002 
3.3207 3.3227 127. 3975 2.608 24.12 1. 33671 1. 33669 +. 00002 
5.2365 5.2397 · 10 1. 7278 5. 151 33.74 I. 34038 1. 34038 0 
7.3 11 9 7.3162 102.5546 7.134 41. 47 I. 34330 I. 34329 +. 00001 

15.1 730 15. 1819 13 1. 8051 II. 518 59.10 I. 34988 1. 34988 0 

15. 2437 15.2525 131. 8654 11 .567 59.30 I. 34995 1. 34996 -.00001 
22.2235 22.2367 134.4964 16.533 80. 41 I. 35765 I. 35764 +. 00001 

1 a- lactose hyd rate. 
, n~o= 1.33299+0.0JJ409p+0.OOOOO498p'. 

The refractive indices of supersaturated solu­
tions at 25 ° C , as well as those of all concentrations 
at 15° C, were determined with an Abbe refrac­
tometer. The scale of the instrument used p er­
mitted readings to a few units in the four th decimal 
place. This was the limiting factor in the preci­
sion of the readings, since they were all made 
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TABLE 7. Refractive indices of lactose solutions at 25.0° C 

Weight Weight Zeiss im· nbs Devia-of lac· Weight Can· 
tose 1 

of lac· orsolu· centra- mersion n'f.l tion scale calcu-tose (air (vac· t ion (vac· tion of reading observed lated by from 
brass uum) lactose Cannula uum) t=20.0°C forIDula2 
wt) 

- -----.------------- ------
q q q Percent 

1. 0643 1.0650 126.4207 0.843 16.32 1. 33371 1. 33370 +0.00001 
2.5473 2.5498 127.0832 2.006 20.54 1. 33534 1. 33535 -.00001 
5.2i78 5.2810 128, 0341 4. 125 28. 54 I. 3384 1 I. 33839 + . 0000 
8. 1789 8.1838 129.1437 6. 337 36. 90 I. 34158 1.34160 -.0000 

10.2912 10.2974 129.9499 7. 924 43.20 I. 34396 I. 34395 + 00001 

15. 1632 15.1723 131. 7102 11. 519 57.63 I. 34n3 1. 34933 0 
20. 1185 20.1306 133. 5434 15.074 72.46 1. 35478 I. 35478 0 

I a -lactose hydrate. 
, ",15= 1.33251 + 0.001405p+ 0.0000048051J'. 

under carefully controlled conditions. Equations 
6 and 7 are based upon these data. 

n~= 1.3325+ 0.001384p + 0.00000624p 2 (6) 

n 13= 1.3334+ 0.001412p + 0.00000537p2 . (7) 

The observed data for indices of refraction and 
also the values calculated by the formulas are 
given in tables 8 and 9. Table 10 is included as 
a working table. It has been prepared by use of 
the proper formula for each temperature. 

TABLE 8. R efractive indices of lactos e solutions at 25° C 

Weight Weight vVcight n~5 I n~5 cal-of lac· of lac· of solu· Concen-
culated 

Devia' 
tose I (air tose trationof observed tion from 

brass (vac· tion lactose Abbe by for· formula 
wt) uum) (,aeuum) mula:! 

- --- ------- - -- - --- ---- - - ----

g g g Percent 
10. 9856 10.9923 53.7058 20.468 I. 3634 1. 3634 0.0000 
14. 0010 14. 0095 54. 9307 25. 504 1. 3720 1.3719 +0001 
17.1285 17. 1389 56. 6435 30. 257 1.3800 1. 3800 . 0000 

I 
20. 2416 20.3139 56.8220 35.750 1. 3S99 1. 390Q -.0001 

I a·lactose hydrate. 
2 n';'= 1.3325+0.00 1384p+0.OOOOO624p' . 
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TABLE 9. R efractive indices of lactose solutions at 15° C 

Weight 'V eight Weight n15 '1115 cal- Devia-of lac· of lac· Coneen· 
I.ose I (air tose of solll' t rationol observed clliated tionrrom 

brass (vac- tion lactose Abbe by for· form ula 
wt .) ulIm) (vacuum) mula 2 

------------- - --- ---- - - ---

g g y Percent 
2. 6S39 2. 6855 50.7500 5. 292 1. 3410 1. 3410 0.0000 

13.1331 13. 1412 13 1. 1152 10.023 I. 3480 1. 3480 .0000 
26.3086 26. 3248 136.0419 19. 351 I. 3629 I. 3627 + .0002 
33 . 1227 33.1431 138.4840 23.933 1. 3701 1. 3703 - .0002 
39.6613 39.6857 14l. 0027 28.145 1.3772 1. 3774 - .0002 
52.8430 52. 8755 145. 7118 36. 288 I. 3919 I. 3917 +. 0002 

I a·lactose bydrate. 
, n 1"= 1.3334+0.001412p+0.00000537p' . 

TABLE 10. R efractive indices of lactose solutions 

a-Lactose I 
hydrate 'fIb5 nbo 

I 
n}f t:.nht 

Percent 
L ...... I. 33392 l. 33440 1.3348 0.000096 
2 ....... 1. 33534 1. 33583 I. 3362 . 006098 
3 ....... 1. 33677 1. 33726 1. 3376 . 000098 
4 ...... _ I. 33821 I. 33871 I. 3391 . 000100 
5 ....... 1. 33966 1. 34016 1. 3406 . 000100 

6 ....... 1. 3411 1 1. 34162 I. 3421 .000102 
7 ....... 1. 34258 I. 34310 I. 3436 .000104 
8 ...... . 1. 34406 1. 34458 1. 3451 . 000104 
9 ....... 1. 34554 I. 34607 I. 3466 .000106 
10 ...... 1. 34704 1. 34758 I. 3481 . 000108 

11.. .... 1. 34855 I. 34909 I. 3496 .000108 
12 ...... I. 35006 1. 35062 1. 3511 . 000112 
13 ...... I. 35159 1. 35215 1. 3526 . 000112 
14 ...... 1. 35312 1. 35369 1.3542 . 000116 
15 ..... . 1. 35467 1. 35524 1. 3558 . 000116 

16 ...... 1. 35622 1. 35681 1. 3573 .000118 
18 ...... 1. 3594 ----- -- 1. 3605 .0001l 
20 ...... 1. 3627 ------- 1.3637 . 00010 
22 ...... 1.3660 ----- -- 1. 3670 . 00010 
24 ...... I. 3693 ----- - - 1. 3703 _ 00010 

26 ..... . 1. 3727 ------- I. 3737 . 00010 
28 ...... 1. 3762 ------- I. 3770 . 00008 
30 ...... 1. 3797 ---- --- 1.3805 . 00008 
32 ...... 1. 3832 ------ - I. 3839 . 00007 
34 ...... 1. 3868 ---- - -- 1. 3875 . 00007 
36 ...... 1. 3904 ----- -- 1. 3910 .00006 

WASHINGTON , January 27 , 1948. 
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