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Optical Rotations, Refractive Indices, and Densities of 
Dextran Solutions 1 

C. F. Snyder, H. S. Isbell, M. R. Dryden, and N. B. Holt 

Clin ical dext ran s obtained from co mmercial sources, using different strains of L euconostoc 
mesenteroides, ,,"ere found to vary in optical rotation (ra] ~g;3CA) from + 19<l.6° to + 211.0°. 
Samples de r ived from the same strain of bacteria, however, d id not differ widely. With few 
exception s, a ll samples of cl inical dextran derived from the i'Jorthern Utilization Research 
Bra nch of the Agl'ieulture Research Service (formerly Northern Regional Research Labora
ton'), B512 st rain of L euconostoc mesenteroides, have \'alm's in water so lu t ions of ran~;tA = 
+ 19!.J° ± 2° a nd ra] ~~~lCA = + 235° ± 1° , The specific ro tat ion \\'as found to vary with tcmper
atu re, in the rangc 15° to 30° C, according to the eq uation 

ra]lg;,cA = [a] ~893A (l + O,00033(t - 20)). 

The p reS2nce of 0.9 per cent of sodiu m ch lorid c o r less than 10 percent of methanol did 
not a lter the opt ical rotation of aq ueo us dextran apprcciabl.\'; <lO-perccnt methanol solution 
caused a n increase of about I pe rcent . 

The factor for co nvert ing quart'-wcdgC'-sacchari mckr readings of dextran so lutions to 
angular degrec~ and sod iulll light was determincd and fOll nel to agrec \vitl! the facLor (0.3462) 
ord i nari ly lI sed for sugar Ro lli tions, 

i\Teas lIl"cmcnts of rcfracti\'e index and of appa rl'nt density in a ir ga \'e the following 
equations: n~~;,cA = 1.3329!.J + 0.001 51p + 0.000006-1 p', and d2o' c = O,9U717 + 0.00398p + 
0 .0000 16p2, " 'here p is the llllllllwr of grams of dextran in 100 g of aquC'olis solution (wcights 
in !"Iir). Tables of rC'fract i\'C' ind ices an rl apparenL dC'nsitiC's a re gi\'C'n for aqueous so lulions 
and for solut ion s containing O.\l and 0 .3 percent \\'/V of sod ium ch loride.2 

1. Introduction 

According to the pl'l'sent speciflca t ion of the Armed 
l'rvices Medical Proc1ll"('ment Agellcy, elini('al 

dextran is prepared from the polysaccharide fonne([ 
from sucrosc b)' Leuconostoc mesenteroides, strain 
Bij l2. The pol)"saccharid e is partiall)~ hydrolyzud 
and the material having a weight-average moleculnr 
weight of 75,000 ± 25,000 is separated b)~ fractional 
prl'cipitation with aqueous m(,tllfl.nol, ethanol, 01' 

acetone. Orclinaril)~ clinical dextran is dispensed in 
a G-percent solution, containing 0.9 g of sodium 
chloride ppr 100 ml. To insUl'e a safe and cffcctivr 
hloo(l-plasma extender, reliable and accurate mpthods 
of analysis must 1)3 used for control of the manu
facturing process and for ('valuation of the finishcCl 
product [1],3 The prescnt i'1vestigation is confined 
to the considemtion of clinical material having the 
ahove characteristics, except w]wre otherwise st,atecl. 

It has been establis[wd by prior workers [2] that 
dextmns produced hy va rious strains of L euconostoc 
mesenteroides differ widely. The n'sults l'enortccl 
here a re based on samples of clillical dextra::J. supplied 
us by manufactu.cers find the Armed Services ~Iedical 

1 'J'his work was supported in part by the ).Iedical Research and Development 
Board, Omec of the Surgeon GCl1rral, Department of t he Army. It was carried 
out under the Plasma Volume Expanders Program of the Subcommittee on 
Shock, :-.JuLional Research Council. 

2 "Percent \V/V" refers to the weight of suhstance in grams (\Y), clissolYed in 
a \'olume of JOO ml of solution (V). 

3 FigureS in brackets indicate thc literaturerefc!'enees at t he one! of this popel'. 

Proclll'(,lUL'llt Agenc.\" durillg the past 2 Years. 
SamplL's H.cquin'd in 195:j are li stL'cl separately to 
provide data on the product then in production. 
Although tbc commercial pro(iucLs are now fairly 
uniform, thr clevdopment work still in progress may 
lL'acl to products ha,:ing properties slightl)T different 
from Lhosl' now eonsLd ered typi calor tlte commercial 
product. The factors investigated and the results 
obtained are given in the following sections. 

2. Preparation of the Samples for Analysis 

The samples of clinical dextran received in 
-powder3d form were dissolved in water, filtered and 
lyophilized (freeze-dried). Dextran recei ved in 
clinical soluLion was sepamted for study in the fol
lowing mann.er: The G-perc~nt solution containing 
sodlUm chlonde was forced ll1 a fine stream into 7 
volumes of methanol, which was constantly stirred. 
The transfer of.the dextran solution was effected by 
all' pmssure, usmg a wash-bottle type of apparatus. 
The precipitate([ dextmn was separated by filtration 
aeld was wa heel with methanol. The material was 
then dissolved in water, and the methanol precipita
Lion was rcpeated. The product was again dissolved 
in water and lyophili~ecl. For analvtical measure
ments the samples were placed in t~red flasks and 
dried to constant weight under vacuum (less than 
0,1 mm Hg). After the dry weight was obLainecl a 
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measured volume of. ,~ater was added from a pipet, 
and th e ~ask contamlllg the solution was weighed. 
The densIty <?f each ~olution was determined by 
m eans of a calIbra ted plCnometer. 

3 . Optical Rota tian 

3 .1. Apparatus 

Two quartz-wedge saccharimeters, Bates type, 
[3] Wlth adjustable sensitivity were used in the 
~easu~'ements of optical rotation for white light. 
rhe hght source was a 100-watt concentrated
filamen t electric lamp with a filte; 15 mm thick 
containing 6-percent potassium di chromate solution. 
The instruments were located in constant-tempera
ture rooms held at 20° ± 1 ° C. By circulation of 
water through the jackets of the polariscope tubes 
the temperature of the solutions und er observation 
was maintained at 20° ± 0.02° C. 

The rotations for sodium light were made on a 
400-~m polarimeter illuminated by a sodium arc of 
Amen can manufactm e. The light was filtered 
th]'ougl~ the dichr.omate filter . The spectral char
act~l'lstlCs?f thIS lIght source have been reported [4] . 
TIlls polarnne ter was adjacent to one of th e sac
chal'imeters and arranged so that observations could 
be made on both instruments with a minimum of 
handling and without interrupting th e flow of wa tel' 
through the jacket of the tube . 

M easuremeJ?ts with mercury light, }. = 5461 A 
"~ere made. wIth a large Schmidt & Haensch pre
cIsI<?n polar:lme.ter locate~ in a constant- temperature 
cablllet mallltamed at 20 ± 1 ° C. This polarimeter 
was fitted with an air ?3:th, 60 by 40 by 55 cm, 
placed between the polanzlllg and analyzing systems 
and mounted on separate supports to eliminate the 
possi?ility of disturbing the adjustments of the 
polanmeter by the opening and closing of the door. 
The trough of the .instrument passed through the 
end wal) ~ of the all' th ermosta~ withou t touching 
them . Ihe temperature of th e all' bath was thermo
statically controlled at 20° ± 0.05° C. Spectrally 
purified light having a wavelength of }. = 5461 A was 
obtained from a mercury-vapor lamp . 

3.2. Polarization 

The sol~ tions fo r l?olariza tion , prepared on a 
wClght. basIs as descnbed above, were placed in 
water-Jacketed200-mm tubes. The rotation of each 
solution was measured by one observer on one of the 
saccharimeters and by another observer on a second 
saccharimeter. Upon completion of the sacchari
metric observations, the tube was transferred to the 
polarimeter illuminated by a sodium arc a.nd the 
rota tion for sodium light was measured . Th e tube 
was the?- transfe~'l'Cd to the precision polarimeter and 
the optI.cal rotatIOn was measured with the mercury 
green Imc (}.= 5461 A). During each series of 
measuremen~s, standard quartz control plates of 
known rotatIOn were read on the different instru
ments to determine the accuracy of the observed 

readings of th? instrument scal~s. In practically all 
cases the reqUlred scale correctIOns were small. 

3.3. Calculation of Specific Rotations 

The specific rotations were ca lcula ted by the 
equation: 

[ ]' _100a , 100a 
a A - pdl or -;;z' (1) 

where a is the observed 1'0 ta tion in circular decrrees' 
d, the density ; l , the length of the tube in decim~ters: 
p'. the grams of substance in 100 g of solu tion, and 
c IS the grams per 100 ml of solution. 

Co,,:,version factors: In. order to calculate specific 
rotatlOns ° fro.m. saccharImeter readings in sugar 
degree~ ( S). It IS n~ces~ary to convert the readings 
to theu' eqUlvalent 111 cIrcular degrees for a specifi c 
wavelength. The factor 0.34620 is ordinarily pm 
ployed to convert readings in oS on the saccharim flt.er 
illuminated with white light and the dichromate 
f:lter to the equivalent in circular degrees for sodium 
hght of wavelength, }.= 5893 A. This conversion 
factor was. determiued by Bates and Jackson [5] 
for th ~ ratIO of the rotation of the normal quartz 
plate ll1 sugar degrees to its rotation in circular 
degrees for sodium light .. The corresponding ratio 
for a normal sugar SOlutlOll was found by them to 
be 0.34617. These factors are applicable to all sub
stan.ees having approximately the same rotatory dis
perSIOn as quartz or sucrose. To establish the 
suitability of the coversion factor 0.34620 for use \ 
with dextran solutions, the ratio a~g~3cArS200 c was cal
culated fr?m .the opti cal-r.otation data, comprising 
21 detel'lllmatlOns, on a senes of samples of domestic 
manufacture. The resul ts are given in table l. The 
average value of a;g~3cA/oS200 c was found to be 0 3461 7 
in good agreement with the conventional v~lu c of 
o 2~o4620 . The values of a;~~lcArS2QO c and a;g;3cAI 
a5461cA for dextran were found to be 0.40916 and 
0:84599 , respec.tivcly, in comparison wi th the pre
vlOusly determmed values of 0.40690 and 0.85085 
for quartz, and 0.40763 and 0.84922 fo1' sucrose. 
The ~i,fference~ in the corresponding ratios are caused 
by dlfierences 111 the rotatory dispersions of dextran, 
quartz , and sucrose. The difference in the dispersion 
of dextran solutIOns and that of quartz makes the 
photometric field for a dextran solut ion in a sac
chal'imeter appreciably h eterochromatic. H ence 
one must matc~l an i~ltensity ?f one color by a sup~ 
posed ly equal ll1tenslty of slightly different color. 

TABLE l. Fadm's .for . compaTinl] oplical-mtalion measure
menls made wilh di:O'erent lighl sources 

:l\1aterial Obsen'ers a~~;3CA_ 1 a~~~lcA ~~~;3~'" I 
°820 0 C 0820 0 C a~~~ICA 

Qual'tzplate ______ .... Bates and Jackso n. 0.34620 0.40690 0.85085 I 
Do............... Present. .......... .34621 .40687 .85091 

Sucrose ............... BatesandJackson. .34617 .40763 .84922 
Dextran B512......... Present. .. ........ .34617 .40916 .8459Y I 
Dextran (strains other ..... clo.... ........ . .34663 .40927 .84 708 

than B 5J2). 
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The complication, however , docs not sccm to cause 
large enol'S; thu s the reprodu eibiliLy of the specific 
rotations with th e saccharimeter was ± 0.14 0, wi th 
the polarimeter and sodium light ± 0. 18°, and with 
the polm'imeter and the mer cm y gr een light ± 0.10°, 
Thcsc results show that Lher e is no appreciable 
n,dvantage with respect to precision in th e use of 
the polarimeter over the accharimeter or of the 
mCl'cmy gl'een line over the sod ium lin e. 

The specific rotations determined on r epresentative 
samples from various sourccs arc assembled in 
tables 2 and 3. The sample listed as number 1 of 
table 2 was selected from a group r epresenting 20 
lots of clinical dextran obiained early in 1951 from 
a domestic manufactm el' because it showed the 
lowest specific rotation . Numbers 2 and 3 are 
typical of the product suppli ed by thi s finn in th e 
spring of 1951 ; numbcr 4 represents a more recen t 
shipment (Ma)- 1952) . Number 5 gives the rotations 
of one of th e first pJ'oduct s submitted to us by another 
American manufactul'cr . Thcre is no information 
concerning the strain of bacteria used in iLs prepara
t ion. N umbers 6, 7, 8, 16, and 18 are typical of 
th e early domest ic products . Samples 9, 10, 11 , 
and 12 WC1'e shipments obtaincd from abroad in 
the spring of 1951. The reason for the wid e differ
ence in 11 and ]2 is no t known. Subsequ ently, 
samples 13 and 14 wcre supplied by one of thc British 
producers; they wcre produced carly and may not 
represent the Cll"l'l'ent produ ct of thi s concern. 
Sample 15 is not a commercia1 produ ct ; it was pre
pared at the Northern Ut ili zaLion l~eseal'cll Branch 
for experimental pUl'poscs. 

T AB L E 2. Opt7:cal 1'0lalions oJ dextmns obtained .from vaTious 
SOllrces in 1951 and 1952 

Specific rot~ Lions 
Sa mple 

Sacchari metric fL ]:lolarirnetric b 

ll aeLerill 
strain 

L .. 84668. ____ .. _ B512 _______ 196. 10 
2 ___ 8465i ________ 135 12 ___ .. _ 199.10 
3 ___ 84649 ________ 135l2_ .. ___ 199.12 
4 ___ 258SL _____ __ 13512 ______ 197.66 

5 ___ R-2 _________ ? 20 1. 23 
6 ___ R - 7 ___ ______ D512___ 196. il 

231.89 
235. (is 
235.32 
233.60 

237.82 
232.49 

196.10 
199.10 
199.37 
197.77 

20 1. 83 
196.55 

232.12 
235.52 
235.53 
233. i9 

237.89 
232.40 

7 ___ 253- P9- 11- B51L____ _ 19i.89 233.88 197. 76 233.84 
RD-85. 

16 __ J - 2 ______ ____ 13512 _____ . 196. 17 23 1. 85 196.42 23l.98 
1i'. Hydro- 12- _______ __ ___ 197. i4 233.70 19i.71 233.83 

RD- 65. 

8 __ L-1. ________ B512 ______ 199.36 235.64 200.28 236.26 
18__ L- 6..________ 13512._ ____ 198.41 234.52 198.76 234.38 

9 ___ 163 _________ _ Swedish __ . 204.48 241.66 204.79 242.49 
10 __ 155 __________ Swedish __ _ 204. i9 242.01 204.75 24l.02 

11. _ 50074__ ______ 210.00 248. 10 210.34 248.27 
12 __ 51002___ _____ 19~. 59 229.97 194.74 nO.2U 

13 __ 51103 _______ _ 

14 __ 51215 ______ _ 

15__ 3651.47,. ___ _ 

BiJ'lllin g-
11<_1111. 

B512 __ -- t 

13742 __ __ 

209.25 

199.05 

210.97 

247.29 

235.25 

249.33 

208.22 

199.0i 

211. 05 

246.84 

234.91 

249.08 

--------------~------~--~ 

• Calculated from saccharimeter readings a nd conversion factors 0.34620 and 
0.40916, respectively. 

b Calculated from polarimeter readings for wavelengths 1-=5893 A and 
I- = 5461 A, respectively. 

, Dextran modified by hydrogenation. 

The samples listed in table :~ were supplicd by the 
Enginecring D evelopment Division, Armcd Se l'vices 
Medical Procurcment Agency. They are consid cl'ed 
typ ical of curren t domestic clini cal dextran. 

The number-average molecular weights of many 
of the samples of clinical dcxtran listed in tabl e 2 
were determin ed by seve ral meth ods and arc reported 
in an earli er publi cation [6]. Values for the samples 
of table 3 were m easUl'cd by the Somogyi phosphate 
method, using gentiobiose as a standard and are 
given in table 4. 

T ABLE 3, Optical l'otations oJ dextrans obtained Jrom domestic 
manlljact1!I'e1's in 1953 

Sprcific ro tatio ns 

Sam ple 

Sacchflrim{'tric a. Pobl'imctric b 

------------------ ----------- -----------
Num- Designation 13acieri' l ran~;3<;' lan~;I~ ran~;3:\ [aH~;I~ ber stra in 
--- ------ ------ ---- ----- ---------

19 .. 268R5B _____ D512 .. ____ 198.59 234.70 198.26 234.64 
20 269X2A ______ 11 512 .. ____ 19807 234.09 198.0·1 23'1.29 
21 273RI C ____ __ B512 --- -- 198. 06 234.08 198. 04 234.21 

22 EX510 ___ ____ 13512 ____ .. 19S.02 234.04 197.84 234.20 
23 EX50L ___ B512 __ ____ 197. l5 233.00 196.91 733.78 
24 _ EX518.. __ ___ B5 l2 .---- 197.47 233.38 197.n 233.48 

25 271H2: ___ -- B512 ______ 199. 17 235.40 199.45 235. 76 
51nD 

26 _ 273A3: _______ 13 512 __ ____ 199.68 235.99 199.93 236. 00 
5220A 

27 273S5: ______ 13 512 __ 199. 66 235. 97 199.93 236. 10 
525413 

28 031OlB ___ _ -- 13 512 __ --- 199. iO 236.01 199.65 235. 92 
29" 01002 ____ B512 198.67 234.80 198.48 234.63 
30 _ 0260lB ___ __ D;;12 __ --- 199.00 235. 19 199. 14 235.05 

• Calculated from saccharimeter read ings and con ve rsion factors 0.34620 and 
0.40916, respectively. 

b Calculated from polarimeter reaclings for wavelength s 1-=5893 A ancl 1-=5461 A, 
respectively. 

T ARLE 4 . Number-average Inoleclda?' weighls of dexlrans 

Sample 
N umber
average 

molecular 
weights 

Rample 
Number
average 

molecu lar 
weights 

-----------_.-- ------- ----------- -------
19 ______ ___ _ ___ _ 
20 __ ________________ _ 
2L __________________ _ 
22 __ __ . _______ ______ .. 
:,;:3 ___ ____ . ________ ___ _ 
24 ____ ____________ ___ _ 

44, 600 
49,300 
46,000 
43,300 
51,700 
5-1,900 

25 ____ . _____________ _ 
26 ________________ __ _ 
27 __ .. ______________ _ 
28 ________________ __ _ 
29 _________________ _ 
30 ________________ __ _ 

37,100 
41, iOO' 
38,400 
58,700 
35,000 
50,900 

3.4, Effect of Concentration on the Specific Rotation 
of Aqueous Dextran 

To determine Lh e effect of concentration on the 
specific rotation of dextran , a quant ity of lyophilized 
dextran was transferred to a carefully cal ibrated 
100-ml volumetric flask. The material in th e 
flask was dried in the usual manner and its exact 
weigh t obtained. Th e material was then dissolved 
in water and made Lo volume at 20° C and weighed. 
This solution, containing 10.507 percent by weight 
of dextran, was then measured on th e saccharimeter 
with white' light and on the polarimeters with sodium 
ligh t and mercmy green light. Weighed portions 
of this solution were transferred to volumctric 
fl asks, and solutions conta ining about 8, 4, and 2 
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T ABLE 5. Optical rotations of a sample of deLtran at di.fJerent concentralions at 20° C 

Conerlll ration 

0/ 100 ,,,Z 
10.935 ---- - - - - - - - - - - - - - - - - - - ~ ---
8.327. - - -- --- - -- - - - --- -- - ---- ---
4.531. .. - - - --- -- - - - -- -- -- ---- - --
2.042 .. - -- - --- - -- - - --- - - - - - - --- --

200.07 
199.99 
200.03 
199. 74 

Saccharimetric 

Deviation 
from 

average 

+0. 13 
+.05 
+.09 
-.20 

236. 46 
236.36 
236.42 
236.05 

SpecifiC rotations 

Deviation 
from 

average 

+0. 14 
+.04 
+. 10 
-.27 

200.02 
199.93 
200. 10 
199.54 

P olarimetric 

Deviation 
from 

aVCf i1ge 

+ 0.12 
+.O:l 
+. 20 
-.36 

o Deviation 
[an~61 ~\ from 

3Yf'rage 

23G.31 -0.03 
236. 16 -.IR 
206.48 +.14 
236.40 +.06 

Average . . ......... •..•.... . ..... 199.94 ±O. 12 2:\6. 32 ± O. J 4 J99.90 ± 0. 18 2:16. 34 ±O. 10 

percen t were prepared. Th e results given in table 
5 show that there is no significant change in specific 
rotation with a change in concentration from 10 to 
3 g/100 ml.4 

3.5. Effect of Temperature on the Specific Rotation 

samples, comparing the specific 1'0 ta tion in wa tel' 
solution with tha t obtained in the presence of sal t. 
The differences (see table 7) are of the order of the 
average deviation in the v alues obtained for measure
ments either in water or in salt solution. 

of Dextran TABLE 7. Effect of sodium chloride on the specific l'otation of 

To provide information as to the variation of the 
specific ro ta tion of dextran with tempera ture, the 
measurements given in table 6 were conducted . In 
each measurement the temperature of the solution 
was controlled by ci.rcula ting water from a thermo
stat; the temperature of th e instrument was m ain
tained at or near that of the solution by adjustment 
of the temperature of the room to the desired point. 
In the calculations of specifi c rotation a correction 
was made for th e change in volume of the solution 
due to expansion or contraction. The thermal ex
pansion coefficient (0.00022/° C) of a 6-percent 
dextran solu tion was determined in a separate ex
periment. The results may be expressed by the 
equation 

where [aJ~893A is the specific rotation at the tempera
ture t (t= 15° to 30° C). 

TABLE 6. Specific optical l'otations of a dextran solution at 
different temperatures 

rremperature °0 [agS93 A II Temperature °C ["l ~" A 

15 + 199.27 

II 
25 198.70 

20 199.00 30 198.29 

3.6. Effect of the Presence of Sodium Chloride on the 
Optical Rotation of Dextran 

Solu tions of dextran for clinical use ordinarily 
contain 0.9 percent W/V of sodium chloride. To 
ascertain whether the salt alters the optical rotation 
appreciably, measurements were made on two 

• This is in agreement with the findings of the Commercial Solvents Corp. 
furnished in a private communication. 

dextran solulions 

Specifi c rotations 

Sample Sa lt·free 0.9% W /," of KaC l 0.98% W /V of NaC l 
: -------

I [an~:3 ~\ lan~~I~\ [a] ~~~3~\ [an~~1 cA lan~~3 ~\ [an~~l~~ 
~------------------- - ---

25881.. . 

I 

197.72 233.79 197.62 233. 74 ----- - ------

J- L .... 197.83 233.84 198.09 234.01 
I 

197.63 233.97 

3.7 . Effect of Methanol on the Optical Rotation of 
Dextran in Water 

In the manufactme and in the evaluation of 
clinical dextnm it is sometimes necessary to deter
mi.ne the concentration of the material in mixtures 
containing known volumes of water and methanol. 
To provide a basis for the polarimetric determination 
of dextran in mixtures of wa ter and methanol, the 
specific rotation of a typical dextran was determined 
for various concen trations of methanol in water. 
The results given in table 8 sho,,' tha t the optical 
rotations in a 40:60 mixture of methanol and water 
are about 1 percent higher than those obtained in 
water alone. 

TABLE 8. Specific l'olalion of dext ran in aqu eous methanol 
at 20° C 

Soh'ent I Specific rotation 

Volume of Volume of [al ;~~3 ~<\ [an~~I ~~ methanol water 

0 100 I 199.15 235.45 
10 90 J98. 98 235.61 
20 80 

I 
199.83 236.13 

30 70 199.95 236.55 
40 60 201. 00 237.39 
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4 . Refractive Indices of Dextran Solutions 

4 .1. Aqueous Solutions 

T h e refr ac tive indices of dextran solu tions were 
dete rm ined by m eans of a carefully calibraLed pre
cis ion refr actometer , using a sodium arc ligh t. The 
meas urem ents were made in a consLan t- temperature 
room m aintained at 200 ± 10 C. ' Va ter from a wa Ler 
th erm osta t was circulatcd Lhrough Lh e water-j ack eted 
prism s of the instrumen t, h olding th e . Lemperature 
at 200 :1= 0 .010 C. At the beginning and end of each 
series of readings a sample of distilled waLeI' was 
read as a con trol. The scale corrections for tJlO 
insLrument were ap plied to Lh e observed r ead ings. 
I n th e r ange covered they did not exceed a value 
corresponding Lo one in the fift h dec imal place of the 
index. 

The entire ser ies o[ solution s used in Lhe optieal
rotation mea SUl'ements of tahk 2 wrrr measul'ed in 
the refra c tomrtel'. "\ s tll('sl' wel'e all riL11rl' appl'oxi
matel.v 3 l)('rcrnL 01' G pr l'crnt , addiLional solutions 
were prepttrrd in like manll(' r for Lhe remnining con
centrations ml'aSlI l'ell. In all, 4:3 so lutions weI'(' 
emplo,\' ed , of which all buL ] 1 \\"('f'(' pl'epaJ'P(\ from 
clinical l\('xtran fl'om th e Comnwrcial Solvl'11 Is COl'p. 
Computation of til(' rchLion ship of tlJ(' rdractiH 
index to tlte pl'l'cpntagr of dcxLran b.\- thr mrthocl or 
averages gan' tlle equntion 

wh r l'e p is Lhe number of g rams o[ dexLran in 100 g 
of solu tio n (weigh Ls in a ir) .5 Th e experimen tally 
determined indices a ncl Lhe d rv iaLions f rom the 
equaLion are g iven in ta hll' 9. Th e res ult s show no 
consisten t difference in t il l' rl'fracLive incl ict's of 
dextr a ns f rom differen t so ul'ces. 

4 .2 . Aqueous Sodium Chloride Solutions 

The r efractive indices of d('xLran d issolved in 0.9 
pe rcent W /V of sodium chloride were measured ill 
Lhe manner described above at 20 concentraLions. 

I n a similar manner the indices of dextran in 0. :3 
percent W jV of sodium chloride WE're measured at 
] 2 concentrations. 

From the data obtained, the following equations 
relating the grams of dexLran in 100 ml of solution 
conLnining sodium chloride and refractive index were 
ohLained by the meLhod of averages: 

n7J°C (in 0.9 percent W /V of KaCl) = (4) 
1.33455+ 0.0015162C- 0.0000031 9('2, 

\\'herr C equals 0 to 9 g of dpxtrnn in ]00 ml of 0.3 
percent W /V of NaCl. 

n7J°C (in 0.3 percenL W/Y of KaCl) = (5) 
1.:3:3352+0.00 I fi14SC- 0.000000754(,2, 

----
5 Sui>sequC' nt b ', a n equal ion was d('rh-('(l hy t IH' method of least sqmlrC'~\ wllieh 

vil'ldl'<i rssC'nt iallv tile sa me val u es <1~ thO~l' ohtained with cq (;~), !"iJO\\'l lig the 
;ldcquuey of the llc('cptcd trcatlll0nt of t lip <hlln. 

T .\ BLl> 9. n ej/active indices oj aqueolls solutions of dextran at 20° C 

I 
--

'\"('iJ,!ht Oh~('rY('<l f'81eulnLl'd I lliH"f- \\,('igllt Ohsrl'\'('d Cll Jroulnle(l Iliff"l'-
(i ll r if) 20° C 1)~~ °C 

('!lel' a (ill" ir) 71~o c 1I~Jo C 
f'11('(' U 

11J) 

------- -----.-- ------- ---"-- ------- -------- ------- -----

% X IG-5 % XlG-5 

O.50l I. :10375 I. :1337.> 0 :1.020 L 307"1 1. :137() I 0 
1. 003 1. :J:j151 1. 334;'1 0 3.022 1. a:17.1.5 1. ~:~7Gl +(; 
I. 102 I. 33459 1. 03466 +7 3.025 1. 33766 1. 00;(i2 -,I 
1. 318 I. 03498 1. :13499 + 1 3.054 1. 33771 1. 3376(; -5 
L 51b 1. 33525 1. 33529 +4 .... 

3,1!)2 1. 33788 1. 33781 -7 
1. 828 1. 33.>76 1.33;;77 +1 3.694 1. 33871 1. 33866 -[) 

1. 866 L 33583 1. 33.)83 0 3.956 1. 33908 1. 3390n -2 
I. 975 1. 33603 1.33fJO() -3 4.463 1. 3:1988 1. 33986 -2 
2.031 1.33"06 1.3:1(j08 +2 5.111 1. 34090 1. 34087 -:1 
2.572 1. 03691 1. 00692 +t 

5,386 1. 34129 1. 34131 +2 
2.606 1. 33692 1. 33697 +5 ,).598 1. 34168 1. 34161 -4 
2.677 1. 33709 L 33708 - 1 ,),613 1. 34164 1. 34167 +0 
2.883 1. 33735 1. 30710 +5 5.620 1. 34167 1. 34W8 + 1 
2.925 1. 33744 1. 3374G +2 5.641 1. 34166 1.34171 +5 
2.93" 1. 33760 1. 03748 -1 2 

.). e64 1. 34171 1. 3417" +4 
2,941 l. 33756 1. 33719 -I 5.723 1. 34183 1. 34181 + 1 
2.940 1. 33743 1. 33719 +6 5.912 1. 34203 1. 34214 + 11 
2.95[) 1. 33749 1. 3:;751 + 2 5.950 1. 34215 1. 34220 +.) 
2.980 1. 3375() 1. 3375.) -4 6. 079 1. 34236 1. 34241 +5 
2.9b9 1. 33760 1. 33756 -4 

7.3.)5 1. 34453 1. 34444 -9 
2.989 1. 337GO 1. 33756 -4 8.082 1. 34564 1. 34561 -3 

10.507 1. 34954 1. 3495(; +2 

• Calculated minus observed. 
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TABI.B 10. Data on refractive indices of dextran in sodium-chloride solutions at 20° C and comparison with interpolation equations 

Dextran dissolved in 0.9% '1'/ \- of K aOI 

" -eight in 100\ 
Observed Oalculated I Diffcr-ml (in air) n ~o c n 2{J° c CIlCC a D 

------- -

g X 10-' 
0.472 1. 33522 1. 33526 +4 

. 78(; 1,335b7 1. 33574 + 7 
1. 038 1,33612 1,3:1612 0 
1. 125 1. 33627 1. 33625 - 2 
1. 387 1. 33666 1. 33665 -1 

1. 951 1.33755 1. 33750 -5 
1. 970 1. 33749 1. 33752 + 3 
2.912 1. 33897 1. 33894 -3 
3. 137 1. 33928 1. 33927 - 1 
3.243 1. 33946 1. 33943 -3 

3.293 1. 33953 1. 33951 -2 
3.480 1. 33976 1. 33979 +3 
3.534 1. 33984 1. 33987 +3 
4.021 1. 34062 1. 34060 - 2 

I 

4.504 1. 34129 1. 34131 + 2 

5.098 1. 34222 1. 34220 - 2 
5. 654 1. 34301 1. 34302 +1 
5.828 1. 34330 I. :14328 - 2 
7. 108 1. 34515 1. 34517 + 2 

9.292 1. 34838 1. 34836 - 2 

a Calculated minus observed. 

where C equals 0 to 6 g of dextran in 100 ml of 0.9 
percent W/V of NaCl. The experimental and cal
culated values are given in table 10. 

5 . Densities of Dextran Solutions 

The density values obtained in conjunction with 
the determinations of specifLc rotation showed small 
variations, which seemed to be random errors. 
H ence a carefully con trolled in dependen t series of 
measurements was made at five concentrations, using 
separate samples of dextran prepared from strain 
B512. 

The samples were dried and weighed in a cali
brated flask having a neck of about 6-mm inside 
diameter and pro vided with several graduation 
marks equally spaced ; the volume at each mark was 
previously ascertained by careful calibration. Above 
the graduation marks t he neck is blown out into a 
bulb of about 20-ml capaci ty and the upper end 
fitted with a ground stopper. The enlargement in 
the neck permits mixing of the solution by repeated 
spilling into this bulb without contact with the 
grinding. When the solution was t horoughly mixed, 
and with the meniscus within the graduated portion 
of the neck , the flask and contents were brought to 
20° C in a thermostated water bath, and the volume 
was then determined. 

From the density data thus obtained, the following 
equation was calculated by the method of a.verages: 

Apparen t 
d20'c=0.99717 + 0.0039S133p + 0.00001 597p2, (6) 

D extran dissolved in 0.3% \\"/ V of XaOI I 
------------ ---------------1 

Weight in 100 Observed Calculated I DitTer- I 
m} (in air) n ~o c n ~o c cn~c a 

___ _______________ 1 ____ -

g X 10- 5 

0. 730 1. 33465 1. 33463 - 2 
1. 256 1. 33541 1.33542 +1 
1. 835 1. 3362\) 1.33630 +1 
2.105 1. 33671 1. 33671 0 
2.460 1. 33721 1. 33724 + 3 

3. 398 1.33868 1.33866 -2 
4.182 1. 33984 1. 33984 0 
4. 622 1. 34053 1. 34051 -2 
5.224 1. 3H41 1. 34141 0 
5.351 1. 34162 1.34160 - 2 

5.563 1. 34189 1. 34192 +3 
5.7S8 1. 34226 1.3422" 0 

I 

I I 

where p is the number of grams of dextran in 100 g of 
solut ion. The experimental and cal culated values 
of the density are given in table 11. R efractive 
indices and densities of aqueous solutions of dextran 
at nominal values of the concen tration are given in 
table 12. The refractive indices of solutions of 
dextran containing sodium chloride are glven m 
table 13. 

T ABLE 11 . Data on density of dextmn solutions and comparison 
with inteTpoiation equation 

Percentage Apparent density, 20° C 
of dextra n Residuals ' by weight 

(in air) Obser\"ed Oalculated 

ll. 5242 l. 0·1513 1. 04517 +0.00004 
9.0050 1. 03438 1. 03432 -.00006 
6.01S9 1. 02169 1. 02171 + .00002 
3. 0379 1. 00944 1. 00941 - .00003 
1. 4972 1. 00314 1. 00317 + . 00003 

• Oalculated min us observed . 
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TABLE 12. Nefr achve indices and apparent densit-ies oj aq ueoll s 
0ls111ions of der/ran at 20° C 

-

Percentage G rams of Apparent Refracti\"<' ./ or dextran dextran demi tyat index, by weight per 100 1111 200 C 20· C 
(in air) (in air) (in air) nn 

0.0 ------- - 0. 99i2 
1 

1. :33290 
. 2 0.200 .9980 I. :13329 
. 4 .400 .9988 

I 

1. 33359 
.6 .600 .9906 I 33:]90 
.8 .800 1. 000·] 1. 3:3 120 

1.0 1.001 I. 0012 1. 3:3·15l 
1.2 1. 202 1. 0020 

I 
1. :13·18l 

1.4 1. 404 I. 0028 I. 33512 
1.6 1. 606 1. 00311 I. 3:35·12 
1.8 1. 808 1. 0014 1.335i3 

2. 0 2.010 I. 00.\2 

I 

1. 33604 
2.2 2.213 1.0060 1. 33m·1 
2.4 2.416 1. 00118 1. :33,,6.5 
2.6 2.620 1.00i6 1. 3%91i 
2.8 2.824 1. 0084 1. 3:li27 

3. a 3.028 J 009:1 1. 33758 

I 
:l. 2 :l. 2:12 I 0101 1.3:1780 
:1 . 4 :1.437 I 0 109 I. 3:1~20 
:3.H :l.6 12 I 011 i l.:n%1 
3.8 3. 8 18 1. 0125 I. 33881 

4.0 4.0.\3 I. 01:11 I. 339 1:3 
I 4.2 4.21iO I. 0142 I. :13944 

4. 4 4 . 4(jf) 1. 0100 I. :1:3Hifi 
4. H 'I . (;7:1 I. OloB 1. :]4007 
4.8 1.880 1. 0167 I. :1l038 

5. 0 5. 0S7 I OI7,~ I I :l IOiO 
5. 2 .\. 29.5 I 018:] I. :1l 101 I 
5.4 .1 .. \0:1 I OIHI I. :1 11:1:3 

I 

5. () .\.7 12 I. 0200 I. .3 116.\ 
5.8 5. 921 I 0208 I. :1 110n 

6.0 6. 1:1O I 0216 I. :1 1228 
G.2 Ii. 3:10 I 022.\ 1. :3 121iO 
6.4 6 . . 119 1.02:3:1 1 34292 
G.fi 6.7.59 1. 0211 I :34:1z:l 
11.8 G.9iO L 0250 1. 3 1355 

i.O i . 18 1 I. 02.\8 I. 3 138i 
7.2 i . :192 1. 02()7 1 344 19 
7 . ..[ i.liOI I. 0275 I :34451 
7. I; 7.8 1.\ I. 028·1 1. :1448:1 
7.8 8 028 

I 
1. 0292 I 34516 

8.0 8.2 10 1. moo \. 345·18 
8.2 8.403 1. 0:109 1. :34580 
8.4 8. fi(j7 I. 0:1l7 1. :J.I(il2 
8. G 8.880 1. 0:326 1 , ;~ 16·15 
8.8 9.09·1 1. 033·[ 1.:HGi7 

9.0 9.309 1. 0:143 1. :1 1710 
9.2 9. fi23 I. o:J.> 1 I :34742 
9. " H. i:l8 1. 1):l(j0 I :~ '177;) 
9.6 9.9.)4 I. O:31i9 J 34807 
9. 8 10. 170 1. 0377 1 348·10 

10. 0 10.386 1. 0381i 1. 34873 
10.2 ]0. G02 1. 0394 1. 34901; 
10. 4 10.819 1. 040:3 1. 34938 
10.6 I I. 036 1. 0412 I. 34971 
10.8 II. 254 J. 0420 1. 35004 

11. 0 ] I. 472 1. 0429 I. 350:li 
11. 2 11. 690 1. 0·138 I. 35070 
11. 4 II. 909 l. 044(; 1. 35103 
11. (] 12.128 1. 04 55 l. 35136 
11.8 12.347 l. 0464 1. 35170 

12.0 12.5G7 l. 0·172 1. 35203 

TABLE 13. R efract ive indices of sol ulions oj' dextran containing 
sodium chloride at 20° C 

I }{cfrarti\'e index, n~ c 
~1~~'~:'~lI~f of solution con tt1i ni n~-
per 100 1111 

(ill oi !') I 0.3~; w /vor O.US; " '/ \ ' or 
Na(,1 :\aC[ 

1------ -
0.0 1. 3:1:1:;2 
.2 I. 3:1:382 
. ·1 1. :1:]·112 
. (; l. :n44:1 
. H 1.33 Ii:1 

I. 1. 3:].\0:3 
I. l. :nfi33 
1. ·1 1.:]:].51;·1 
l.{) 1. :;:1 .\9 1 
1.8 1. :nIi2:i 

2.0 ] . :l:lli.lfi 
:1.2 1. :1:lfi8.\ 
2.4 1. :3:l71!) 
2. Ii 1. :l:1 741i 
2.8 1. :1:377fj 

:l. (] 1. :n80Ii 
:1.2 l.:nS:Hi 
:1. 4 l. :nHlili 
:3 . Ii I. :1:1S97 
:1. 8 I. :3:Hl27 

1.0 l. :ml,\7 
1.2 I. :q987 
4. I 1. :HOI 7 
" .Ii 1.:1]])18 
1. 8 1. 31078 

.\. 0 I. :11 lOS 

.1. 2 I. :1 11:1~ 
5. I I. :l4lliH 
iJ.i) 1. :11 I!IS 
5.8 I. 3·1228 

Ii. 0 1. 3 12[)8 
(i.2 
H. I 
6. 1; 
li. 8 

7. I) 
7. '2 
7 . .. 
7. Ii 
7. S 

8.0 
8. 2 
8. ·1 
8.li 
8.8 

9. 0 

L 

1. :]:145:; 
l. :n I85 
L. :~;~5 1.1 
I. :]:l,\ IIi 
1. :33576 

1. :nliOli 
1. :n"lli 
1. :J:)lion 
I. :3:31i97 
I. 33727 

:tl7!)7 
:f:1787 

.1 . :l:l8 17 
l.:ns -17 
1.3:jI-l77 

I. :3390i 
1. :1:!!l:l7 
l .a:mf\7 
1. :1:](lIIli 
I. :11021i 

1. :~ IO.I)G 
I. :1 1081i 
l.:11111i 
1.:111 1:; 
I. :] I I 75 

1. :l -t20S 
I. :112:10 
I. :{ 1'l1i! 
I. :li 2111 
1. 3 1:12:3 

1. :{ I:l5::; 
I. :1 1:38:1 
I. :1·1412 
I. :14442 
1. :J.l lil 

I. :1451) 1 
1. :3 1:;:1O 
I .:~ I!)GO 
I :1 1589 
1.:311i19 

I. :1 1li18 
1, a4fi7 ( 
I. :14701i 
I. :li7:1Ii 
I. :317Ii.\ 
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