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Density and Refractive Indices of Lactose Solutions
By Emma J. McDonald and Anne L. Turcotte

The densiiy and refractive indiees of lectose solitions in the range of nnssturation sre
reported to five decimal places at 20° and 26* C.  Fur solutions of higher concentration up
to B)-poroent Jactose, ihe corresponding walhiez are reported at 25° © and for refmctive

indicez glone at 15" C,

I. Introduction

Lactoge, the disaccharide commonly known as
milk sugar, has for many vears been of commercial
importance. Until recently its principal use was
in the manufacture of pharmaceuticals, food prod-
ucts, and in the preparation of modified diets;
however, the penicillium industry now also re-
yuires large quantities of this spgar!

In the present investization measurementa have
been made to determine the density and refractive
indices of lactose solutions. The tables here pre-
gented are expected to be of use to the investipator
workityr with purc zolutions sz well as to the an-
alyst dealing with eolutions in which the total
solids may be calculated as lactose.

II. Preporation of Lactose

The lactose used in this investigntion was care-
fully preparcd by repeated erystallizations of the
commercial product. The procedure consisted in
heating a 50-percent soluticn in & water bath aib
o) O, treating with decolorizing carbon, and fil-
tering. ‘The filtrate was then seeded with z-lactose
bydrate crystals and stirred continuously while
cooling in an ice bath. The resolting srystals,
which were uniformly small and well formed, ware
purged on a centeifugel machine and washed con-
gecutively with cold water and aleohol. After
three crystallizations, the ash content hod de-
crensed to 0.002 percent and remained conatant.
The specific rotation of a-lactose hydrate in equi-
librium solution is 4 50.53°. Thus the direct
reading of a 10-percent solution would amount to
4-30.35°. The effect of the last traces of impuri-

1 E_{}. Whitiler, I. Dalry 8ri, 23, 504 (1844}; 6 review, Lactose and 1ts ofili-
eadon, mntaite many refersnces to work on lectose.
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ties on this regding is beyond the wecuracy of the
ohservations. Analyais by the method of Munson
and Walker showed the product to be unchanged
within the accuraey of the method, Here, 85 in
the case of specific rotation, amall traces of impur-
ities wonld not affect the results noticeably. We,
therefore, believe that ash content is & morc re-
liable eriterion for purity. The recrystallized
product was dried in the air and stoced in 2 desic-
cator over commercial e-lactose hydrate. TUnder
these conditions the vapor pressure was so main-
taincd that loss of weter of crystallization was
prevented.

Lactose hydrate containg 1 molecula of water of
crystallization, which amounts t¢ 5 percent of the
total weight. Any change in the water of hydra-
tion would be reflected as an error in the percentage
composition of the prepared solations and honee in
the reported physical constants; we, therefore,
carefully investigated the composition of the
crystals as to moisture content and were assured
that we were desling with & hydrate of uniform
composition. Many moisture determinations were
run in order to determine the most fawvorabla
conditions for thiz analysis,

The resalis obtained when the hydrate was
dried in a vecoum at 85%, 120, and 130% C are
shown in figure 1. In all cases the loss 1 water
was accompanied by some decomposition of the
sugar ak indicated by a yeliowing of the sample.
This discoloration wess more pronounced in the
recrystallized sogar than in the original com-
mercial product. Because the nah content de-
creased on recryatallization from 0.0135 to 0.002
percent, it is suggested that a buffering material 13
present in the commereial product and that this
retards decomposition, The minimum discolora-
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tion during loss of water appeared to take place at
120° , and, therefore, this temperature was
subsequently used in determining the molsture
conteat. The drying curves shown in figure 2 are
representative of those obiained during the
progress of the investigation. Inspection of these
eurves shows the danger of using an arbitrary time
when determining the moisture content of any
given sample of a-lactose hydrate.

IIl. Physical Measurements

The range in concentration where accurate
denzity and refractive index messurements can
" be made is limited by the relativaly low solubility
of lactose and by the readiness with which super-
saturated solutions tend to deposit crystale, At
20* C, a saturated solution of lactose coniains
16 percent of sugar, a low value s compared with
49, 67, and 70, the respective percentages of
paturated dextrose, sucrose, and levulose solulions
at this temperature. Supersaturated solutions
"depoait lactose hydrate crystals with great ease
and thus limit the reliability of measurements
made upon them. We have, therefore, carried
out density and refractive midex measurements
with high precision in the range of unsaturation.
The values reported for supersaturated solutions,

g4

altbough not obtained with the same precision,
are euitable for many purposea and thus sre in-
cluded in this investigation.

1. Density of Lactose Solutiona

Deneity measurements were mada in & carefully
calibrated flask. When filled to the lowest gradu-
ation at 20° C, this flask contained 126.333 ml.
Its neck, 6-mm inside diameter, was graduated
in 10 divisions st intervals of 0.02 ml. The volume
reading could be estimated to one-tenth of one of
thesa divisions, thus permitting & precision slightly
greater than two units in the filth place of density.
The flask was recalibrated from time to time dur-
ing the progress of tha inveatigation, and the vol-
wne was found to be constant within the error
of reading.

A quantity of a-lactose hydrate was infroduced
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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 redueed pressure,
care being taken to aveid spattering during this
procedure. Water wae then added to some point
within the graduation, and the flask was rotated
in such a way that the solution did not wel tha
upper part of the neck of the flask.  After retnov-
ing the water adhering to the flask above the
eolution by means of a current of dry air, the
Paslk was placed in a thermostat and the final
volume taken when the soluticn had come to
temperature. As the manipulaben was time-
conswning, mutarotation was completed hefore
the final observation of volume.?

At the time of each weighing, the density of the
sir 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
hydrata being taken as 1,540 in accordance with
the determinationa recorded balow.

The experimental data are assembled in tahles 1
and 2. From these obaserved walues the following
equations were caleulated by the method of least
squaren. Here the density of a lactose solution
is expressed am a function of the percentage, (p),
of a-lactoze present.

D=0.9982310.003739p10.00001281% (1)
L =0.99707 +0.00371 70+ 0.00001263p% (2)

The deviation of the observed values from those
calculated by formula are given in the laat column
of each table. The observed values show a mean
daviation of less than 3 in the fifth place at 20° C,
and less than 2 at 25° C, from those calculated by
formuls. We, therefore, believe that the formulas
are valid to some unite in the fifth decimal.

The values now given in the literature for the
density of lactose solutions have been determined

in connection with specific rotation studies. The |

work of Schmoeger,® as well as that of Fleischmann
and - Weigner,* will be considered because these

1 The procednre nssd in makdng the density determinstions wes ersentially
that desaribed by Ieckson and Mattbews in thalr work on larnlaws: BE X,
Reserch B, 905 (1932} K P46

1 MY, Schmoeger, Bor, dent. chem. Gex 1%, 1922 {1880,

W, Fepshnann and Q. Wedgner, 1. Landw. 58, £5 (1010).
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investipators extended their observations to su-
persatursted solutions. Schmoeger reported values
for the denaity of lactose solutions containing as
much ag 36 percent of the sugar. His valuea are
given in the fourth place. Fleischmann and Weig-
ner ghitained dets on salutions containing as much
a3 60 percent of sugar. The latter anthors report
that grees difficuliy was encountered in preparing
solutions of the higher concentrations, and henes
only few ohservations were made. We beliove
that the inclusion of density values on super-
satorated solutione, although they cannot be
obtained with great precision, may be of value to
investigators working with this sugar. Therefore,
we have applied the method of least aquares to the
date presented by these carly investigators on
supersaturated soluticna for concentrations as
high as 50 percent and obtained the following
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wquation relating the density to the percentage
eoncentration.

IR =0.9982 4 0.00370p+ 0.00001605%.  (3)

Tables 3 and 4 are working tables containming
density walues for unsnturasted sclutioma and for
saturated solutions of concentrations up to 50
pereent.  The values for unsaturated solutions
are hased on eq 1 and 2, and those for the super-
saturated solutions were calculated by use of
eq 3.
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2. Density of Crystailine Lactose

The density of the erystalline «-lactose hydrate *
was required in order to convert the weight in
air to weight in vecuum,

The lactose was weirhed in a calibrated fask,
and the flask was filled with dry toluene saturated
with lactose at 20% . The . trapped air was
removed from the erystals by spplying gentle
" suetion while rotating the flask. All weighta were
reduced to the vacium standard, The resuita of

¢ Precious valws (E, O, voo Lipprmett, Chemle Der Zuskerprion, p. I35
{vom Friodrick Vieweg und Bohoe (I9041); Lichtensein 1243, Boeideker
15384, Fllhol 1.5, Joxle and Flavialr 1,50, and Plonchon 82 (C, B, Hud-
son and F. T, Brown, J. Am. Chem, Soc. #0, B0 (1904)3, Hudsono and Brosn
1.04 (ap v a-botosa hydrste) 1.69 {zp g7 §lotose).
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theze measurements are given in table 5. The
density of lactose hydrate was found to he 1.540.
The density of commercial f-lactose, nn anhydrous
form that has found extensive commercial use
because of ite greater sclubility, wea found to
be 1.589,

3. Beiractive Indices

The refractive indices of unsaturated snlutions
of lactose at 20° and 252 C were determined by nse
of & carefully calibrated immersion refractometes
under securatcly controlled eonditions of tempera-
tire,  All measurements were made in a conatant-
temperature room whose temperature weas main-
tained within 2 degrees of that at which the water
in the bath surrounding the instroment was held.

The instrument was inserted in a large glass
tube, 83 mm in dismeter and 350 mm in length.
This contained suflicient water to surround the
inetrument cup containing the sugar solution.
The glasa tube with the suspended instrument was
placed in & constant-temperature water bath, so
that only a small part of it cxtcoded above the
surface of the water, A thermomcter was placed
beeide the ipatrument. Illumination was sup-
plied by ap clectric bulk: submerged in a glass tube
similar to that containing the refractometer.
The floor of the bath reflected the light into the
instrument, TInder these conditicns a very sharp
line characteriatic of total refraction was observed,
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L Sptivplea of tohaene from toeo diferent lots wers used for these experlments. The danalty of Lolnesne reccrded in the determinatlons on f-lectose L5 the ayerage

walua for the second lot of reagent.

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

The conversion tables supplied by the manu-
facturer are buzed on rendings for distilled water.
In aceordance with these tables, the inatrument
wae set at 14.50 ai 20° C and at 13.25 at 25° C.
These readings are equivalent to indices of 1.33209
at 20° C and 1.33252 at 25° C. Readings on dis-
tilled water were made frequently, thus insuring
the setting of the instrument. The arbitrary scale
readings were converted to refractive indices by
use of the manufacturer's takles, )

Equations relating the refractive index to the
concentration were prepared by subjecting the ob-
served data to the method of lenst squares.

n%=1.33290 4 0.001400p 4 0.000004985° (4)
n=1.33251 4 0.001405p+0.000004805p%. (5)

Tables 6 and 7 contain the ohserved data sa well
as thoze saleulated by formula.
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The refractive indiges of supersaturated solo-
tions at 25° C, as well as those of all concentrations
at 16° C, wera determined with en Abbo refrac-
tometer. The scale of the instroment vsed per-
miited readings to a few units in the fourth decimal
place. This was the limiting factor in the pree-
sion of the readings, since they were afl made
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under carefully contrelled conditions. Equations
6 and T are based upon thesc data,

#%=1.3325+40.001384p+0.00000624p*  (6)

ni= 13334 4-0.001412p 4 0.000005378%. (7}

The observed data for indiees of refraction and
also the values calculated by the formulas are
given in tables 8 and 9. Table 10 is included as

& working table. It has bheen prepared by use of
the proper formuls for each temperature.
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