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Densitles and refractive indexes of aqueous lithium lodate
solutions (0.01-3.0 M) have been determined over the
temperature range 18 to 60 °C. From these experimental
data, the relative density d/d,,, relative refractive index
n/n ., specific refraction R, and relative specific
refraction R/R o have been calculated. 1t was found
that In the investigated range of concentration the values
of R and R/R, are practically Independent of
temperature but that in the whole range of temperatures
both decrease with an Iincrease In solutlon concentration.
The temperature and concentration dependence of ali
these quantites may be represented by quadratic or linear
tunctions.

Introduction

Solid lithium iodate is an interesting material for scientific
investigations. In contrast with a large majority of substances
for which data on physical properties of soiutions are available
in the literature, lithium iodate has a negative temperature
coefficient of solubility and its physical properties have been
little investigated. In particular, a survey of the existing literature
showed that, apart from the data on the density of saturated
solutions (7), data for undersaturated solutions are either very
old (2, 3) or sparse (4).

When present in the crystalline form, LiIO; exhibits nonlinear
electrooptic behavior (§). For the investigation of the nonlinear
properties and for the use of the material in device fabrication,
it is grown as single crystals with the lowest possible density
of defects. Since 1971 several papers have been devoted to
the investigation of its growth in the form of single crystals of
good quality under a variety of experimental conditions (5-8).

The quality of a crystal grown from solution depends on a
number of factors such as temperature, solution concentration,
and the presence of impurities. These factors also determine
the structure and the macroscopic and microscopic properties
of solutions. This means that the quality of a crystal grown from
solution depends on the chemical constitution and structure of
the solution. In fact, on the basis of a study of the osmotic
pressure and density of saturated aqueous solutions, it was
concluded that the best lithium iodate crystals are produced
from those solutions in which the ions of the solid are least
associated (7).

As a part of our general research program on the structure
of growth media, it was thought worthwhile to study the density
and refractive index of aqueous lithium iodate solutions as a
function of temperature and solute concentration.

Experimental Section

LiIO; compound for experimental purposes was synthesized
by neutralizing a solution of 1 M HIO; to pH 7 by adding ana-
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lytical grade Li,CO, or LiOH. Solid LiIO; was obtained by drying
this neutral solution to constant weight. By dissolution of a
known mass of solid LiIO, (weighed with an analytical balance
up to 1 X 1075 g accuracy) in double distilled water, 1 L of
solution of the desired concentration was prepared at 20 °C.

Density and refractive index measurements were made on
0.8 L of solution contained in a 20 cm long cylindrical glass
vessel of 0.75-L capacity. The vessel was placed in a ther-
mostated water jacket whose temperature was regulated by a
contact thermometer and measured with a mercury thermom-
eter with an accuracy of 0.05 °C. The temperature variations
in the vessel solution were estimated to be less than 0.01 °C.

Density measurements of a solution were carried out by using
a hydrostatic balance (accuracy 5 X 10* g)and a 10-cm?® float
immersed in the solution. The correct values of density d,
considering capillary action and air density, were calculated
from the measured density d,, by using the relation: d = d,,
+ 0.0002d,, + 0.0012, verified for water in the temperature
range 15-65 °C. Density measurements for solution of a given
concentration were made at least twice at a particular tem-
perature. The density values were reproducible to 1 X 10*
g/cm®,

Refractive index data were obtained by using a Carl Zeiss
immersion refractometer supplied with three thermoprisms T,,
T,, and T, of refractive index intervals 1.3254-1.3664,
1.3642-1.3999, and 1.3989-1.4360, respectively. T;and T,
were calibrated in the whole temperature interval with water
and acetic acid, respectively, while the third was calibrated in
such a way that the refractive index values obtained by the
second prism corresponded to those by T;. The correction in
the refractive index value was 1 X 108t. Reproducibility of the
data was within 1 X 105, and the error in the calibration due
to temperature was 1 X 1075, whence the instrumental error
was 2 X 1075,

Initially only density measurements were planned and carried
out for LilO, solutions in the concentration range 0.2-3.0 M.
Later, however, refractive index measurements were also
planned and the concentration range was extended down to
0.01 M. Consequently, in the 0.2-3.0 M concentration range
density measurements were made for one set of solutions,
while refractive index data were obtained for another set of
solutions prepared again. However, in the 0.01-0.1 M con-
centration range both density and refractive data were obtained
from the same set of solutions.

Results

Experimental density, d (g/cm?), and refractive index, n, data
for aqueous LiIO; solutions at different temperatures are given
in Tables I-III. It may be noted from the tables that density
and refractive index values decrease as solution temperature
increases but increase as solution concentration increases.
Plots of the densities and refractive indenes of the solutions as
a function of temperature revealed that the curves for both
become increasingly linear as solute concentration increases.
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Table I. Experimental Density Data (g/cm®) for Aqueous
LilO, Solutions in the Concentration Range 0.01-0.1 M at
Various Temperatures

concentration, M

t,°C 001 0.02 0.04 0.06 0.08 0.10
18 1.0001 1.0015 1.0047 1.0078 1.0109 1.0141
20 0.9997 1.0011 1.0042 1.0074 1.0105 1.0137
22 09992 1.0007 1.0038 1.0069 1.0099 1.0132
24 0.9987 1.0002 1.0033 1.0064 1.0094 1.0126
26 0.9982 0.9997 1.0028 1.0059 1.0089 1.0120
28 0.9977 0.9992 1.0023 1.0055 1.0083 1.0114
30 09971 09987 1.0017 1.0049 1.0078 1.0109
32 0.9965 0.9982 1.0011 1.0043 1.0071 1.0103
34 0.9959 0.9975 1.0004 1.0036 1.0065 1.0097
36  0.9952 0.9967 0.9997 1.0029 1.0058 1.0090
38 09944 09960 0.9990 1.0022 1.0050 1.0083
40  0.9937 0.9952 09982 1.0015 1.0043 1.0074
42 09929 0.9944 0.9974 1.0007 1.0035 1.0066
44 09921 0.9936 0.9967 0.9999 1.0027 1.0058
46 09913 0.9928 0.9959 0.9990 1.0019 1.0050
48  0.9905 0.9920 0.9950 0.9981 1.0011 1.0041
50 0.9896 0.9911 0.9941 0.9972 1.0003 1.0032
52 0.9887 0.9902 0.9932 0.9963 0.9994 1.0023
54  0.9877 09893 0.9922 0.9954 0.9984 1.0013
56 0.9867 0.9883 0.9912 0.9944 0.9974 1.0003
58  0.9857 0.9873 0.9903 0.9934 0.9964 0.9993
60  0.9847 0.9863 0.9893 0.9924 0.9954 0.9983

This behavior is presented in Figure 1 for the temperature de-
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n = nyt) + byc + byc? 2)
d =dglc) + agt+ a,t? (3)
n=nglc) + byt + b2 (4)

Here eq 1 and 2 describe the density and refractive index data
as a function of concentration, and d(t), a4, @, ne(t), b4, and
b, are temperature-dependent constants. Similarly, eq 3 and
4 represent them as a function of solution temperature, and
do(c), ag, a4 nelc), bg, and b4 are concentration-dependent
constants. The experimental data were fitted by the least-
squares method, and values of the various coefficient and the
standard deviations were determined. These are given in Ta-
bles IV-VII.

One notes from Tables IV and V that the values of both d(t)
and a4 and of n(t) and b ; decrease with an increase In tem-
perature, but the value of a, increases with temperature while
that of b, remains constant. Tables VI and VII, on the other
hand, show that as solution concentration increases, the values
of dy(c), ny(c), a4 and b, increase, while those of agand b,
decrease.

Recently, a new equation was proposed to describe the
temperature dependence of the density of saturated solutions
(9). The data on both the temperature dependence of density
and refractive index were analyzed according to this new
equation, written, respectively, in the form

pendence of the refractive index of solutions. =47 T T Y2
The experimental data on the densities and refractive indexes d = dq’ exp[B(T -~ To'Y] ®)
of the solutions may be represented by the quadratic equations n=n, exp[B8'(T - T, (6)
d=d(t) + asc + a,c? (1 where the coefficients d,', 8, and T’ of eq 5, and ny', 8", and
Table II. Experimental Density Data (g/cm?®) for Aqueous LilO; Solutions in the Concentration Range 0.2-3.0 M at Various
Temperatures
t, °C 0.20 M t, °C 040 M t°C 0.60 M t°C 0.80 M t°C 1.00 M
18.0 1.0294 18.0 1.0611 18.0 1.0914 18.0 1.1217 18.0 1.1524
21.1 1.0284 21.3 1.0601 19.7 1.0910 21.5 1.1205 20.8 1.1514
24.4 1.0276 24.5 1.0592 22.1 1.0902 23.0 1.1200 23.8 1.1502
28.3 1.0262 27.8 1.0580 25.5 1.0891 25.9 1.1190 27.2 1.1489
32.2 1.0248 30.7 1.0571 28.9 1.0879 29.1 1.1177 31.4 1.1472
35.6 1.0238 33.2 1.0562 32.2 1.0865 32.2 1.1164 35.2 1.1452
39.2 1.0224 35.8 1.0552 35.9 1.0844 354 1.1151 38.8 1.1434
42.5 1.0211 38.3 1.0540 38.4 1.0838 38.4 1.1135 42.4 1.1417
44.6 1.0200 40.4 1.0531 41.2 1.0826 42.3 1.1116 46.5 1.1393
47.2 1.0190 42.8 1.0521 44.3 1.0809 46.5 1.1094 49.2 1.1378
49.8 1.0175 45.6 1.0508 47.6 1.0792 49.4 1.1080 52.4 1.1361
52.8 1.0160 48.7 1.0491 49.7 1.0781 52.9 1.1061 56.0 1.1338
55.4 1.0146 50.6 1.0482 52.1 1.0768 56.4 1.1042 59.2 1.1319
57.8 1.0130 53.4 1.0467 54.5 1.0756 60.0 1.1021 60.6 1.1312
60.2 1.0116 56.0 1.0454 58.6 1.0735
59.3 1.0437 61.0 1.0720
t, °C 1.50 M t, °C 2.00 M t, °C 2.50 M t, °C 3.00 M
17.8 1.2284 18.0 1.3026 17.9 1.3770 17.5 1.4508
19.8 1.2275 20.0 1.3019 20.9 1.3751 20.5 1.4488
21.8 1.2266 22.0 1.3007 24.7 1.3730 22.7 1.4474
23.7 1.2256 23.8 1.3000 29.0 1.3705 26.8 1.4448
26.2 1.2244 25.9 1.2990 33.8 1.3674 29.5 1.4431
28.4 1.2233 278 1.2980 38.1 1.3645 32.8 1.4409
30.0 1.2226 29.8 1.2965 41.7 1.3621 36.6 1.4384
32.1 1.2214 32.2 1.2949 45.6 1.3596 40.3 1.4357
34.2 1.2205 34.4 1.2936 49.8 1.3569 44.1 1.4332
35.9 1.2196 36.0 1.2926 53.3 1.3546 48.5 1.4302
37.6 1.2186 37.8 1.2916 55.9 1.3529 52.4 1.4277
40.1 1.2170 40.0 1.2902 58.6 1.3512 56.3 1.4251
42.0 1.2160 42.2 1.2888 60.3 1.3501 59.8 1.4228
44.0 1.2150 44.0 1.2877 61.2 1.4219
46.9 1.2131 46.5 1.2862
50.2 1.2110 48.1 1.2852
53.5 1.2092 50.3 1.2836
56.8 1.2071 52.3 1.2825
60.0 1.2050 54.1 1.2811
56.0 1.2799
60.0 1.2773
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Table III. Experimental Refractive Index Data for Aqueous LiIO, Solutions in the Concentration Range 0.01-3.00 M at

Various Temperatures

concentration, M

t, °C 0.01 0.02 0.04 0.06 0.08 0.10 0.20 0.40
18 1.33342 1.33365 1.33422 1.33474 1.33523 1.33571 1.33821 1.34305
20 1.333 26 1.33348 1.33403 1.33455 1.33504 1.335 52 1.33805 1.34285
22 1.33307 1.333 27 1.33383 1.334 34 1.33483 1.33530 1.33784 1.34264
24 1.33289 1.33309 1.33361 1.33413 1.33462 1.33514 1.33761 1.34241
26 1.33266 1.33289 1.33340 1.33392 1.334 40 1.33488 1.33737 1.34216
28 1.33244 1.33266 1.33318 1.33370 1.33418 1.33464 133711 1.34190
30 1.33218 1.33240 1.33294 1.33342 1.33390 1.33438 1.33685 1.34161
32 1.33190 1.33213 1.33266 1.33316 1.33358 1.33410 1.336 56 1.34132
34 1.33164 1.33186 1.33238 1.33287 1.33336 1.33382 1.336 27 1.34100
36 1.33136 1.33159 1.33210 1.33260 133305 1.33354 1.33598 1.34069
38 1.33106 1.33130 1.33180 1.33230 1.33278 1.33326 1.33568 1.34036
40 1.33078 1.33102 1.33152 1.33200 1.33248 1.33295 1.33539 1.34000
42 1.33049 1.33074 1.33123 1.33172 133218 1.33268 1.33509 1.33968
44 1.33019 1.33044 1.33092 1.33138 1.33184 1.33232 1.33478 1.33933
46 1.32986 1.33012 1.33056 1.33105 1.33152 1.33200 1.33444 1.33899
48 1.32953 132978 1.33025 1.33074 1.33118 1.33166 1.33409 1.33866
50 1.32920 1.329 44 1.32993 1.33039 1.33086 1.33134 1.33373 1.33831
52 1.328 87 1.32912 1.32959 1.33006 1.33054 1.33100 1.33339 1.33796
54 1.32852 1.328 76 1.32925 1.32971 1.33017 1.33064 1.33304 1.33763
56 1.32819 1.32843 1.32892 1.329 38 1.32984 1.33032 1.33268 1.33730
58 1.32780 1.32805 1.32855 1.32899 1.32947 1.32995 1.33233 1.33695
60 1.327 44 1.32768 1.32818 1.32863 1.32910 1.32960 1.33198 1.33661

Table IV. Coefficients and Standard Deviations of Eq 1 at

Different Temperatures®

Table VI. Coefficients and Standard Deviations of Eq 3 at
Different Solute Concentrations?®

do(t), ap, ~tgy X 103, —Qy X 105, —Qy4 X 106,
t,°C g/em® (g L)/(cm® mol) (g L?)/(cm® mol?) SD* X 10° concn, M dylc), g/cm® g/(cm® °C) g/(ecm®°C?» SD x 10°
20 0.99811 0.15530 1.666 6.1 0.00 1.00116 7.008 3.835 0.7
30 0.99562 0.15348 1.517 5.8 0.01 1.002 59 6.874 3.832 0.9
40  0.99223 0.15182 1.333 7.6 0.02 1.003 86 5.668 3.953 1.7
50 0.98813 0.150 37 1.135 8.4 0.04 1.007 27 7.407 3.778 1.1
60  0.98326 0.14894 0.846 104 0.06 1.01013 5.633 4.009 1.2
0.08 1.01379 9.804 3.469 1.
8d = do(t) + [+314 + (1202. ”SD = standard deviation. 0.10 1.016 88 8.744 3.716 12
0.20 1.03189 6.979 4.405 3.7
Table V. Coefficients and Standard Deviations of Eq 2 at 0.40 1.064 85 14,178 3.670 2.3
Different Temperatures® 0.60 1.096 15 19.543 3.314 31
o ~b. X 10% 2 x 10° 0.80 1.126 90 22.835 3.105 2.6
£, °C Rolt) by, L/mol b, X 10° L/mol” SD x 10 1.00 115803 25.109 3.208 2.9
20 1.333095 0.024 365 3.236 2.5 1.50 1.23562 36.050 2.508 2.2
30 1.331990 0.024042 3.367 1.8 2.00 1.31201 46.719 1.896 4.1
40 1.330593 0.023626 2.894 1.5 2.50 1.38764 57.655 0.793 3.4
50 1.329 000 0.023 388 2.920 1.3 3.00 1.46221 64.514 0.243 2.6
60 1.327 266 0.023 250 3.047 2.1

an = no(t) + byc + byc?.
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Figure 1. Temperature dependence of refractive index of lithium iodate
solutions at selected concentrations. The plot for water is based on
the data from CRC Handbook (12).

T, of eq 6 are functions of concentration. These constants
and standard deviations are summarized in Tables VIII and IX.

sd = dylc) + agt + agt’

Table VII. Coefficients and Standard Deviations Eq 4 at
Different Solute Concentrations?®

by X 105, b, X 105,
concn, M nglc) (°C)t (°C)2 SD x 108
0.00 1.334645 5.940 1.088 5.9
0.01 1.334 866 5.697 1.119 5.3
0.02 1.335032 5.422 1.143 44
0.04 1.335719 6.227 1.062 4.8
0.06 1.336 265 6.345 1.070 4.8
0.08 1.336818 6.749 1.025 54
0.10 1.337310 6.797 1.020 5.8
0.20 1.339912 7.288 1.001 5.4
0.40 1.345126 9.527 0.800 11.4
0.60 1.350167 10.806 0.717 7.3
0.80 1.354914 10.544 0.833 8.0
1.00 1.360 208 13.219 0.573 10.3
1.50 1.371706 13.182 0.643 9.2
2.00 1.383 796 15.381 0.631 9.4
2.50 1.395 802 19.215 0.223 5.3
3.00 1.407658 20,989 0.203 7.3

an = nglc) + bt + byt?

These tables show that the values of d,’, n,’, 8', and 8" in-
crease whereas those of T, and T,” decrease with an in-
crease in solute concentration. However, relatively poor values
of standard deviation obtained for eq 5 and 6 suggest that eq
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concentration, M

0.60 0.80 1.00 1.50 2.00 2.50 3.00
1.34793 1.35266 1.357 56 1.369 04 1.38075 1.39229 1.40383
1.34768 1.35244 1.35729 1.368 78 1.38043 1.39188 1.40340
1.34744 1.35220 1.35700 1.368 50 1.38010 1.391 44 1.40292
1.34718 1.35194 1.356 74 1.36818 1.37976 1.39104 1.40248
1.346 92 1.35166 1.356 48 1.36788 1.37940 1.39064 1.40204
1.34662 1.35138 1.356 10 1.36757 1.37907 1.39024 1.40162
1.346 33 1.35105 1.35580 1.36723 1.378 68 1.38986 1.40120
1.346 00 1.35071 1.35544 1.366 89 1.37829 1.38941 1.40071
1.34570 1.35037 1.35506 1.366 52 1.37783 1.38900 1.40028
1.34536 1.35001 1.35469 1.366 14 1.37746 1.38867 1.39988
1.34500 1.34968 1.35432 1.36576 1.37702 1.38820 1.39940
1.34468 1.34934 1.35400 1.36538 1.376 63 1.38774 1.39896
1.34435 1.34900 1.353 66 1.36499 1.376 20 1.38732 1.39851
1.34399 1.348 64 1.35325 1.364 60 1.37578 1.386 94 1.39803
1.34366 1.34828 1.35289 1.36423 1.37536 1.38648 1.39752
1.34330 1.34790 1.35250 1.363 86 1.37488 1.386 06 1.39712
1.34293 1.347 54 1.35212 1.36350 1.37449 1.38561 1.396 59
1.34259 1.34715 1.35174 1.36309 1.37406 1.38518 1.396 20
1.34225 1.346 80 1.35137 1.36270 1.37366 1.38478 1.39582
1.34185 1.34642 1.35102 1.36231 1.37325 1.384 36 1.39522
1.34151 1.34603 1.35066 1.36192 1.37276 1.38391 1.39480
1.34116 1.34560 1.350 28 1.36154 1.37235 1.38348 1.394 34

Table VIII. Coefficients and Standard Deviations of Eq 5
at Different Solute Concentrations®

Table X. Coefficients and Standard Deviations of Eq 7 at
Different Temperatures®

concn, M dy, g/em®  -§ x 108, K? ¢/, K SD x 10°
0.00 1.001 32 3.962 265 3.0
0.01 1.00277 3.938 265 4.0
0.02 1.004 24 3.906 265 8.0
0.04 1.007 53 3.851 264 4.8
0.06 1.01071 3.845 264 6.4
0.08 1.01380 3.745 263 5.9
0.10 1.017 30 3.748 262 5.7
0.20 1.03302 3.976 261 15.9
0.40 1.06623 3.505 254 8.5
0.60 1.098 82 3.130 245 11.2
0.80 1.13060 2.897 239 8.5
1.00 1.16284 2.851 235 9.3
1.50 1.24731 2.176 207 7.8
2.00 1.33789 1.589 162 14.3
2.50 1.47590 0.695 -25 8.9
3.00 1.76238 0.262 ~572 6.5

°d = dy exp[#(T - Ty')?].

Table IX. Coefficients and Standard Deviations of Eq 6 at
Different Solute Concentrations®

concn, M no -8 X105, K? Ty, K SD x 105
0.00 1.335373 0.834 247 2.1
0.01 1.335567 0.847 248 2.1
0.02 1.335 253 0.971 256 34
0.04 1.336619 0.802 244 1.7
0.06 1.337169 0.811 244 1.7
0.08 1.337945 0.769 240 1.8
0.10 1.338430 0.769 240 2.2
0.20 1.341 221 0.754 237 1.9
0.40 1.347 864 0.607 215 4.0
0.60 1.354 079 0.544 200 2.7
0.80 1.358 255 0.619 210 2.7
1.00 1.367 603 0.433 161 3.4
1.50 1.378205 0.483 174 3.1
2.00 1.392664 0.477 157 3.1
2.50 1.431813 0.183 -100 1.6
3.00 1.457697 0.159 -196 2.5

®n = ng exp[8”(T - To")?].

3 and 4 better describe the temperature dependence of the
density and refractive index of aqueous LilO; solutions.

A careful inspection of the values for parameters az and a,
(Table VI), and b4 and b, (Table VII) reveals that at certain
concentrations (e.g., 0.02, 0.2, and 1.0 M for density, and 0.02,
0.8, and 1.5 M for refractive index) a sudden increase is ob-

—ag X
t, °C a, a;, L/mol 103 (L/mol)? SD X 10°
20 0.99991 0.15558 1.669 6.1
30 0.99997 0.15415 1.524 5.8
40 1.00002 0.15301 1.343 7.6
50 1.000 09 0.15219 1.149 8.4
60 1.00005 0.15148 0.861 10.4

¢d/dy,0 = g + ¢ + agc?

Table XI. Coefficients and Standard Deviations of Eq 8 at
Different Temperatures®

By X 10%, -, X 104
t, °C Bo L/mol  (L/mol?  SD x 10°
20  1.000080  1.8278 2.429 1.8
30 1000055  1.8048 2.519 14
40  1.000061 17755 2.164 1.1
50  1.000045  1.7601 2.206 0.9
60  1.000065  1.7517 2.295 1.6

*n/ng = Bo + Bic + Boct

served. These jumps may be associated with the properties
of the water (70, 77), used as solvent here, as well as with the
measurement errors. In order to eliminate the possible infiu-
ence of the properties of the solvent water, the data were fitted
according to the equations

d/dyo = ag + ayc + ayc? (7)
n/nyo = Bo + Bic + B,c? (8)
d/dyo = az + a,t + agt? (9)
n/Npo = By + Bat + Bst? (10)
where the quantity d/d,,q is relative density, n/ny is relative

refractive index, and «; and (3, are constants. Equations 7 and
8 describe relative density and relative refractive index of the
solutions as a function of solute concentration, while eq 9 and
10 express them as a function of temperature. For the cal-
culation of these quantities, the values of dyo and n, o were
taken from the CRC Handbook (12). The values of the coef-
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Table XII. Coefficients and Standard Deviations of Eq 9 at
Different Solute Concentrations®

Table XIV. Coefficients and Standard Deviations of Eq 13
at Different Temperatures®

—ay X 104, as X 10, ~Ag X 102, Ay X 108,

concn, M a3 (°C)t (°C)2 SD x 105 t,°C Ay cm®/g (ecm®L)/(g mol) (cm®L?/(g mol® SD x 10°
0.20 1.03071 -0.033 -0.488 4.1 20 0.206 02 1.729 1.614 34
0.40 1.06362 0.679 0.412 1.9 30 0.20591 1.715 1.576 3.0
0.60 1.094 76 1.095 0.723 2.2 40 0.205 84 1.712 1.568 3.8
0.80 1.12564 1.498 1.176 2.2 50 0.20579 1.700 1.525 3.8
1.00 1.15672 1.701 1.178 24 60 0.20581 1.696 1.503 3.5
1.50 1.234 28 2.786 2.237 2.2 . 2
2.00 1.31031 3.645 2.937 3.8 R= A4+ Age + Agc”
2,50 1.38611 4,833 4.515 2.9
3.00 1.46062 5.461 5.302 2.0 Table XV, Coefficients and Standard Deviations of Eq 15

°d/dy = o5 + agt + oyt

Table XIII. Coefficients and Standard Deviations of Eq 10
at Different Solute Concentrations®

=B X 105 85 x 107,
concn, M Bs (°C)1 (°C)2 SD x 108
0.06 1.001 206 0.245 0.063 2.5
0.08 1.001635 0.634 0.528 3.0
0.10 1.001997 0.625 0.509 3.2
0.20 1.003948 1.014 0.708 3.3
0.40 1.007 860 2.686 2.244 6.1
0.60 1.011634 3.613 2.876 3.5
0.80 1.015189 3.392 2.027 2.1
1.00 1.019159 5,404 4,040 4.6
1.50 1.027714 5.315 3.542 4.8
2.00 1.036 830 6.926 3.702 4.4
2.50 1.045 827 9.770 6.835 6.7
3.00 1.054 698 10.987 6.954 7.8

n/nuo = B + Bat + Bt

100
20 30 40 SO 6C
Temperatu-e t1°C)

Figwre 2. Curves of the temperature dependence of relative refractive
index n/n o of aqueous fithium iodate solutions at selected concen-
trations. For the sake of clarity all data points are not indicated on
the curves.

ficients « and 3 are given in Tabies X-XIII.

Tables X and XI show that with an increase in temperature
the values of constants «q and «, increase, those of oy and
B decrease, while those of 3, and (3, are practically invariant.
Tables XII and XIII, however, show that with an increase in
concentration the values of a,, as, 85, and (35 increase while
those of a, and 3, decrease regularly. The values of param-
eters a,, a4, g, (B3, B4 and (35 are not included for solutions
having concentrations lower than 0.6 M because of relatively
small changes in the values of density and refractive index at
these concentrations. It should be noted that the values of
parameters oy and (35 are negligible in comparison with the
contribution of the linear terms in eq 9 and 10. Therefore, the
dependence of n/n, o on temperature is practically linear as
shown in Figure 2. A similar trend was observed for the de-
pendence of d/d,,c on temperature.

From the experimental density and refractive index data given
in Tables I-1I1 and also using eq 1 to estimate the values of

at Different Temperatures®

—By X 103, B, X 107,

t, °C B, L/mol (L/mol)?  SD X 10¢
20 0.99985 8.388 7.823 15
30 0.99966 8.344 7.714 1.4
40 099974 8.324 7.652 17
50 0.99962 8.270 7.448 18
60  0.99973 8.258 7.365 16

®R/Ru, = By + Bac + Byc?.

020
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2019 2\4

[= 4 [24
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Figure 3. Concentration dependences of specific refraction A and
relative specific refraction R/R, 4 of lithium iodate solutions at 20 °C.
For the sake of clarity, several actual data points are omitted at iower
concentrations.

d at temperatures at which only n has been measured exper-
imentally, the specific refraction

R=(n%- 1)/(n2+2)d (11)
and the relative specific refraction
R/Rus = (n?% - 1) (Pro® = 1) 2
¢ (n?+ 2yd (n H,02 + 2)dy,0

were calculated. In the calculations of Ry, the data on d,
and ny ¢ reported in CRC Handbook (12) were used. These
values of R and R, were subsequently fitted to the equations

R=A,+ At (13)
R=A,+ Azc+ Ac? (14)
R/Ruo = B, + Bt (15)
R/Ryueo =By + Bgc + b,c? (16)

where A, and B, are constants.

It was found that in view of small changes in R with tem-
perature, the temperature dependence of R and R/R,,, cannot
be represented satisfactorily by eq 13 and 15. However, the
concentration dependence may be represented by eq 14 and
16. The vaiues of the constants for these equations, along with
the calculated standard deviations, are listed in Tables XIV and
XV. A plot of specific refraction (R) and relative specific
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refraction (R/R,,0) as a function of solution concentration is
shown in Figure 3. Obviously, with an increase in solution
concentration both R and R/R,, o decrease. One also notes
from Tables XIV and XV that with an increase in temperature
the values of A,, A,, B,, and B, decrease while those of A;
and Bj; increase. One also finds that at a constant temperature
t,A; = Ryo, By = Ap/Ry0 B3 = Ay/Ryp,and B, = A,/
R0 because the molar refraction of solid LIIO; is practically
constant in the investigated range of temperature.
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Glossary
Aq constants in eq 13 and 14
A 1 -A 4
ag, constants in eq 1 and 3
a-a,
By, constants in eq 15 and 16
B,-B,
by, constants in eq 2 and 4
b-b,
c solution concentration, M
d corrected density of solution, g/cm?®
dm measured density of solution, g/cm®
dyle), concentration-dependent constants in eq 3 and 5,
do g/em®
dy(t) temperature-dependent constants in eq 1, g/cm®
du,0 density of water, g/ecm?
n refractive index of solution
nyfc), concentration-dependent constants in eq 4 and 6
ny

nyt) temperature-dependent constant in eq 2
Nuyo refractive index of water

specific refraction of solution, cm3/g
R0 specific refraction of water, cm®/g

temperature, K
To, Ty constants in eq 5 and 6, K
t temperature, °C
o, constants in eq 7 and 9
a—Qg

0
B1-Bs
61’ B”

constants in eq 8 and 10

concentration-dependent constants in eq § and 6,
K-2
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Thermodynamics of Binary Mixtures Containing Organic Carbonates.
1. Excess Enthalpies of Dimethyl Carbonate + Hydrocarbons or +

Tetrachloromethane’

Isalas Garcla, Jose C. Cobos, Juan A. Gonzalez, and Carlos Casanova®
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Maria J. Cocero
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Molar excess enthalpy HE data at 298.15 K are reported
for the binary liquid systems dimethyl carbonate +
hexane, + heptane, + octane, + decane, + cyclohexane,
+ methylcyclohexane, + benzene, + toluene, or +
tetrachloromethane.

Introduction

Esters of carbonic acid, dialkyl carbonates CH4(CH,),_,0~

T This paper is a contribution to the TOM Project (7,2).

0021-9568/88/1733-0423%01.50/0
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CO-O(CH,),_1CHj3 and polymethylene carbonates O-CO-0O-
=

(CH,),, are used in the syntesis of pharmaceuticals, agricultural
chemicals, and dyestuffs. They are also used as solvents for
many synthetic and natural resins and polymers, and some of
them are used in photoengraving as assist agents for silicon
circuitry.

In spite of the potential applications of carbonic acid esters
there are only a few experimental thermodynamics studies on
this class of substances, mainly on cyclic derivatives (3-5). In
particular, to our knowledge, no data exist on the properties of
binary mixtures of dialkyl carbonates (CH3(CH,),_10),CO with
normal alkanes. Accordingly, no interaction parameters are yet
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