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THE THERMOELECTRIC MICRODETERMZNATION 
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Abstract-A method is described for the calculation of the steady state temperature difference 
between a drop of solvent and a drop of solution suspended in a solvent saturated atmosphere. The 
procedure is used to discuss the influence. of different parameters on the performance of an apparatus 
for the thermoelectric routine determination of molecular weight. 

INTRODUCTION 

IN THE thermoelectric microdetermination of molecular weight4 a drop of a solution 
and a drop of the solvent are suspended in an atmosphere saturated with the 
solvent vapour. The steady state temperature difference which is developed between 
the drops is measured. The temperature difference is linear with the solution strength, 

AT=d.k (1) 

where d = Constant [deg. kg g-mole-l], 
m = Solution molality [g-mole kg-l], 

AT = Temperature difference between drops [deg]. 

This relation is valid only for idea1 solutions, d then being dependent solely upon the 
solvent. 

A full understanding of the method depends upon evaluating d in terms of the 
apparatus and solvent constants and this is attempted in the present work. Once 
this relationship has been established, the optimum working conditions for the re- 
producibility of d with time and different apparatuses can be obtained. Hitherto d has 
been related empirically to the various constants ,6 little information thus being 
derived concerning cell design. 

2. Basis of the calculation 

At the steady state the drops are assumed to be of uniform and constant tempera- 
ture. The thermistofl current is assumed zero in order to simplify the calculation. In 

l Part II: D. Wegmann, C. Tomlinson and W. Simon, International Symposium on Microchemical 
Techniques Proceedings 1961. 

* Department of Organic Chemistry, The University of Liverpool, England. 
8 Department of Organic Chemistry, Swiss Federal Institute of Technology, Zurich, Switzerland. 
4 W. Simon and C. Tomlinson, Chimia 14, 301 (1960). 
6 B. R. Y. Iyengar, Rec. Trav. Chim. 73, 789 (1954). 
6 Thermistors are used normally to measure the temperature difference between the solvent and 

soIution drop. 
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fact, the thermistor resistance changes by only 0.2 % on replacing the solvent by a solu- 
tion drop, this altering the electrical heating factor by a negligible amount. The only 
heat gain considered therefore is that due to condensation of solvent vapour onto 
the solution drop. At the steady state the rate of heat gain by this process must be 
balanced by the rate of heat loss by conduction and radiation. From the work of 
Langstroth et al. ‘, it seems justifiable to neglect convective heat loss. 

As rate controlling factors in the thermal balance the following are possible: 
(a) solvent evaporation from the cell reservoir, (b) thermal conduction through the 
drop, (c) diffusion of the solute through the solution drop, (d) diffusion of the solvent 
through the cell atmosphere. Higuchi ef al. 8 demonstrated that under vacuum 
conditions (a) only became significant for solvents of low volatility. Factor (b) would 
lead to a strong dependence of d upon drop size, a fact which has not been observed.* 
Both the independence of d from the nature of the solute in dilute solution and the 
magnitude of solute diffusion coefficients suggest the insignificance of (c). The 
operative factor thus appears as (d), as assumed by previous workers.QJO 

A suitable model for the pendant drop is required in order to investigate the 
variation of d with drop radius. The actual form is approximated in two ways: 
(i) the cylinder model, and (ii) the echelon model. In (i) the drop hangs from the 
cylindrical thermistor with a constant cross sectional area, In (ii) the conical form of 
the thermistor tip is approximated by eighteen short cylinders each of height 0.01 cm, 
the smallest having a diameter of 0.02 cm, the largest that of the thermistor. The 
lower eight cylinders are of solid glass, while the upper ten are hollow and have a 
glass wall thickness the same as that of the thermistor stem. The drop hangs in 
spherical form with its centre coincident with the tip of the thermistor. 

While considering thermal factors concerning the drop, the cell and drop are 
assumed to be concentric spheres, the former being of equal area to the actual cell.lf 
In dealing with the thermistor heat factors the cell and thermistor stem are considered 
to be coaxial cylinders. Thermal gains by the drop are considered positive, losses 
hegative. 

Further assumptions are: (a) the absorption of radiation by the cell atmosphere 
is neglected, (b) the dilution of the solution drop and any consequent additional 
thermal factor is neglected. 

3. Theore ticul calculation 

3.1. Positive heat factor. 

fi=L.ti 

where fi = Rate of heat gain through condensation [cal se+], 

L = Solvent latent heat of vaporization [Cal g”], 

riz = Rate of solvent condensation [g se+]. 

(2) 

7 G. 0. Langstroth, C. H. H. Diehl and E. J. Winhold, Canad. J. Res. A28, 580 (1950). 
8 W. I. Higuchi, M. A. Schwartz, E. G. Rippie and T. Higuchi, J. Phys. Chem. 63,996 (1959). 
e E. J. Baldes, Biodynumica 44, 1 {1939). 

lo B. R. Y. Iyengar, J. Sci. Znd. Res. Zndia 13B, 73 (1954). 
l1 I. Langmuir, E. Q. Adams and G. S. Meikle, Trans. Amer. Electr. Sot. 24, 53 (1914). 
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By diffusion theory,12 

h= 
S.M. D.Z.Ap 

R . T, 

where S = Shape factor [cm], 
A4 = Solvent molecular weight [g g-mole-r], 
D = Solvent vapour diffusion coefficient into air [cm2 set-11, 
Z = Units conversion factor [cal cmL3 Torr-l], 
R = General gas constant [cal g-mole-r deg-l], 
T, = Absolute cell temperature [“K], 

Ap = Solvent vapour pressure lowering by the solute [Torr]. 
From the work of Langmuir,ll 

s = 

4 . 7r . re’ . r,’ 

(I$ - r;) 

where r,’ = Radius of a sphere of the cell inner surface area [cm], 
ld’ = Radius of a sphere of the drop surface area [cm]. 

These radii are given by, 

To’ = -Gl . rc (r, + &I 

r,’ = 1/& . rd(rd + .\/rd2 - t-t) 

where r, = Cell radius [cm], 
r, = Drop radius [cm], 
rt = Thermistor stem radius [cm], 
2, = Cell length [cm]. 

By Rauolt’s Law and the Clausius-Clapeyron equation,lO 

‘P=- 
M.L.p.AT 

R T2 
+m.M. 10m3.p 

- 0 

where p = Solvent saturated vapour pressure at To [Torr]. 
From Eqs (2), (3) and (7), 

*=S.M2.D.Z.L.pm.10-3 L 

R . To ( hT - R . To2 

3.2. Negative heat factors. 

3.2.1. Conduction through the gas phase. 

951 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

& = -S.k.AT (9) 

where & = Rate of heat loss from the drop [cal se&], 
k = Thermal conductivity of the cell atmosphere [cal cm-l see-1 deg-I]. 

l* J. Stefan, Sk Akad, Wien 65, 323 (1872). 
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3.2.2. Radiation from the drop. 

Q7 = -4 . n . r;2 . u . Q(q* - To*) 

= -16.7L~~2. o.E~.T’~~.AT 

where & = Rate of heat loss from the drop [cal se&], 
TI = Solution drop temperature [“K], 
T,, = Cell temperature [“K], 
o = Stefan-Boltzmann constant [cal cm-2 se& dee], 
Ed = Drop surface emissivity. 

3.2.3. Conduction through the thermistor leads. The electric current passes through 
the thermistor bead by way of two thin platinum wires welded to thick cunife wires 
at their upper ends. Because of the relative diameters the temperature gradient is 
assumed to be negligible in the cunife wires. Hence, 

(11) 

where 0, = Rate of heat loss through the platinum wires [Cal set-X], 
r, = Platinum wire radius [cm], 
l,,, = Platinum wire length [cm], 

k, = Thermal conductivity of the platinum wires [cal cm-l se+ deg-l]. 

3.2.4. Thermal losses through the thermistor stem. Consider a small length dx of 
the thermistor stem, then 

(12) 

where 0, = Rate of heat gain by conduction by the element [Cal set-l], 
k, = Thermal conductivity of the thermistor glass [cal se& cm-l degl], 
A, = Thermistor glass cross sectional area [cm2], 
x = Co-ordinate along the thermistor stem from the drop [cm]. 

Similarly, the element loses heat by conduction along the thermistor stem, 

the 
Heat loss also occurs by conduction through the gas phase. 
element dx of radius r, then, 

0, = k .2. IT. r . dx 
r 

0, 
s 

ra dr 
-=2. v.k.dx TOdT 
r 

rt 1 .T 

es= - 

2.nk(T- T&Lx 

In (r,/rJ 

(13) 

Consider a ring about 

(14) 

(15) 

where T = Temperature of the thermistor element [“K]. 
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Radiation losses by the element are given by 

& = -8 . P. rt . cr. et. T,S(T - To) dx 

where ct = Emissivity of the thermistor glass. 
Since a steady state exists, 

d1 + e, + 03 + e, = 0 

k’-A,((g)_- (g).) = (~~~+8.11.r,.o.r,.~*~)(~ 
2.r.k 

= 
In r,/rt 

+ 8 . T . rt . u . l t . T,,s (T - T,) 

This equation is of the form, 

daT -- 
d3 

q? Tfq? T,=O 

where 

$= 
s + 8. T . rt . u . l t . T,S 

k, - 4 
The general solution is, 

T = T,, + Bl . eQg + B, . e-a*2 

where B,, B, are constants. 
With boundary conditions, 

T,= T,+B,+B, 

T, = T,, + RI.@-” + Bz.emq*l 

where 1= Length of exposed thermistor stem [cm]. 
From EIqs (20) and (21), 

From equations (19), (221, and W), 

Bl = - 
AT. e-9.l 

eQ1 _ e--P.l 

B = AT.& 
2 ea.1 _ e-a.l 

=B,.q-BB,.q 

= -q.AT.cothq.l 

a = k, - A@_ 

es= -k,.A,.q.AT.cothq.I 

- T,) dx 

953 

(17) 

(18) 

(19 

P-9 

(211 

(221 

(23) 

(24) 

where e, = Total rate of loss of heat along the thermistor stem [cal.se&]. 
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3.3. General thermal balance of the sohtion drop. At the steady state, 

III+ Q,+ Q,+ ed- a=* (25) 

By the following substitutions into Eqs (S), (9), (lo), (11) and (24) and their 
substitution into equation (25) we have, 

a= 
S.kP.D.2.L.p 

R . To 
(26) 

b= R+2 = (103. d,)-1 (27) 
* 0 

where dt = Theoretical thermodynamic d value (measured theoretically on ideal 
solutions in the absence of all heat losses). 

c,=S.k (28) 

c,.= 16.7r.o.~,.r,~.T,~ (2% 

c, = 
2 .T . k, . rw2 

L 
(30) 

ct = q . k, . A, . coth q . 1. (31) 

Hence, 

AT 

d=_j;;= 

a. lOma 

a . 6 + q, + c, + c, + ct 

a.b 

a . b + q, + c, + q,, + ct 

(32) 

(33) 

where r] = Efficiency of a given solvent. 
The above equations express the required constants d and q in terms of the solvent 

and apparatus parameters and are the basis upon which the numerical calculations 
are made. 

3.4. Solvent thermistor in@ence. The above calculation neglects the presence of 
the reference thermistor and solvent drop. This however will influence the solution 
drop in providing a short diffusion and heat loss path. Consequently the shape 
factor should be modified. An estimation of the effect may be made by assuming 
that the solvent drop increases the shape factor proportionally to the solid angle a 
which it subtends at the solution drop. The shape factor 5” of the system with the 
cell as a sphere of radius (y - r&, concentric with solution thermistor drop is therefore 
given by, 

S’ = 4 * 4.Y - r&d 
y - r, - r,’ 

(34) 
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where y = Distance between thermistor axes [cm]. 

AS= & (S’ - S) 
. 

2 . Fdf2(tc' + F, -u) 

= GrL Fd - Fd))(Fc) - F;) 

where AS = Increase in S due to the presence of the other thermistor [cm]. 

4. Constants 

4.1. Apparatus constants 

TABLE 1. APPARATUS CONSTANTS 

constant Value 

O-18 cm 
0.25 cm 
l-70 cm 
04025 cm 
2.00 cm 

Constant Value 

I, 3.50 cm 

40 0.85 cm 
0.75 cm 
0.0704 cm” 

302*O”K 

(35) 

4.2. Solvent constants at 302*O”K. (See Table 2) Latent heat values are obtained by 
linear extrapolation from literature values at other temperatures. Diffusion co- 
efficients are calculated from D,, (at OOC) by the expression D = D&?/T,)“, where 
M = 1.75 for water and 2.00 for all other solvents. Literature vapour pressure data 
are fitted to lgp = A + B/T where necessary. Thermal conductivity coefficients are 
calculated from the pure gas values by linear interpolation. 
4.3. General constants at 302*O”K. (See Table 3) 

5. Numerical calculation 

A programmed computer (IBM 1620) was employed in the calculation of d and 
7 values. The programme was arranged to yield values of relative heat losses, 

h,=lOO.&[%J 
i 

(36) 

where ci = Appropriate heat loss factor (see Section 3.3), as well as the percentage 
change in d for any desired change of a constant. 

6. Results and discussion 

6.1. d and q. The calculated d and q values are compared in Table 4 with those 
experimentally determined .l The overall correspondence is good, especially con- 
sidering the uncertainty of many of the constants used. It is significant that the 
correspondence deteriorates as this uncertainty increases. 

The average contribution of the thermistor stem, vapour phase, radiation and 
thermistor wire heat losses are: 37.6, 37.8, 22.9 and 1.7% respectively. Little vari- 
ation in these numbers is found from solvent to solvent and they indicate the im- 
portance of thermistor design upon the experimental efficiency. By making the 
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TABLE 2. SOLVENT CONSTANTS 

Solvent M Ll P k: 105 

Ha0 18.02 
MeGH 32.04 
C.,HB 78.11 
EtOAc 88.10 
EtpO 74.12 
CC& 153.8 
CHICll 84.94 
CHCls 119.4 

580.0’%” 

281 .018 
102.01.%*1 

96.618 
86.71’,85 

49.9’8 
81.8”%~9 

61.91a 

0.2(j618,15-‘7 29*8= 
14g.331~ 
113.g=,** 
115.384 
616.610 
135.41%%7 

485~3~~ 
231.71a.=,= 

6-18’8 
5.76=* 
568=* 
5*681a 
3.9920 
5.41” 
3441’ 
4.881’,a* 

TABLE 3. GENERAL CONSTANTS 

constant Value Constant Value 

h, 
h, 

l-355 . lo-‘* cal cm-’ set’ deg-’ 
6.27 . 1O-s cal cm-l sc-’ deg-’ 
1.43 . 1O-a cal cm-l set’ deg-’ 
1.66 . 10-l cal cm-l set-l deg-’ 

3.1854 . lo+ cal cm-’ Torr-1 
1.9865 cal g-mole-l deg-’ 
0.94 
o-95 

TABLE 4. RELATIVE HEAT LOSSES hl 
Calculated and experimentally determined d and rl values 

Solvent 

Ha0 0.197 O-196 0.631 0.6286 41.92 20.71 1.50 35.85 
MeOH 0.514 0,516 0.797 0.7997 40.49 2146 1.56 36.49 

CIH, 1.05 1.054 0.591 0.5931 4020 21.61 1.57 36.62 

EtOAc 1.12 1.123 0.597 0.5986 40.20 21.61 1.57 36.62 

Et%0 1.77 1.782 0.847 0.8529 33.13 25.36 184 3968 

CCI, 1.97 2.076 0.543 0.5718 39.21 22.13 1.61 37.05 
CH,Cl, 2.00 1.897 0903 0.8563 30.28 26.88 l-95 40.88 

CHCl, 2.07 2,207 0.707 0.7540 37.12 23.23 1.68 37.96 

d ==P d talc B exp h, h, hw 

la International Critical Tables, Vols l-5. McGraw-Hill, New York (1926-1933). 
I4 N. S. Osborne and D. C. Ginnings, J. Res. Nut. Bur. Stand. 39,453 (1947). 
l5 C. Y. Lee and C. R. Wilke, Ind. Eng. Chem. 46,238l (1954). 
la R. B. Montgomery, J. Meteorology 4, 193 (1947). 
lT G. Narsimhan, Trans. Indian Inst. Chem. Eng. 8,73 (1955). 
l* J. E. Mills, J. Amer. Chem. Sot. 31, 1099 (1909). 
lo D. R. Stull, Imf. Eng. Chem. 39,517 (1947). 
1o R. G. Vines, Austr. J. Chem. 6, 1 (1953). 
p1 P. W. Allen, D. H. Everett and M. F. Penney, Proc. Roy. Sot. London A212,149 (1952). 
11 C. B. Willingham and W. J. Taylor, J. Res. Nat. Bur, Startd. 35, 219 (1945). 
z8 E. R. Gilliid, Ind. Eng. Chem. 26,681 (1934). 
a4 R. R. Dreisbach and R. A. Martin, Znd. Eng. Chem. 41,2875 (1949). 
as R. S. Taylor and L. B. Smith, J. A. C. S. 44,2456 (1922). 
m N. K. Bose and B. N. Chakraborty, Trans. Indiun Inst. Chem. Eng. 8,67 (1955). 
1T D, L. Hildenbrand and R. A. McDonald, J. Phys. Chem. 63,152l (1959). 
18 E. Kordes, Z. Electrochem. 58,424 (1954). 
*O J. H. Perry, J. Phys. Chem. 31,1737 (1927). 
ao N, A. Goryunovo and E. V. Kuvshinski, J. Techn. Phys. U.S.S.R. 18,142l (1948). 
a1 G. Scatchard and C. L. Raymond, J. A. C. S. 60,1278 (1938). 
aa A. Zmaczynski, J. Chim. Phys. 27,503 (1930). 
Ia M. Trautz and W. Mtiller, Ann. Phys. 22,333 (1935). 
a4 W. G. Kannaluik and E. H. Carman, Austr. J. Sci. Res. A4, 305 (1951). 
a5 W. H. McAdams, Heat Transmission, McGraw-Hill, New York, 1933. 



TABLES. CALCULATED INFLLENCE ON d OF VARLUIONS IN THE: CONSENTS 

Variation Resulting change of d in $& 
Constant wwied % &O MeOH GH* EWAC EtpO CC& CH&&, CHCl* 

- 

Cell length +1 -0.09 -0.05 -0.10 -O*lO -0.04 -0.10 -WI4 -oxI 

Cell radius +1 -O*Of -0.01 -0.02 -0.02 -0*02 - 0.03 -0.03 - 0.02 

cell radius +400 -1.71 -1.36 -294 -2.91 -2.79 -3.76 -345 -299 

Them&&or radius +1 - 2.78 -1.53 -3.11 -3.07 -1.24 -3.32 -1.25 -1.97 

Thermistor, inner radius -100 -28*30 -1580 -31~62 -31.21 - 12.80 -3364 -12.95 -20,19 

Thermistor length +1 0.01 0.01 0.01 0.01 @Ol 0.01 0.01 . 0.01 

Thermistor length -50 -7‘34 -4.32 -8.85 -8.74 -4-59 -9.83 - 5.08 -633 

wii kxlgth -90 - 50%38 --28*&I -57.13 - 56.41 -25.12 -61.29 - 25.99 - 37.96 
Glass conductivity +1 - 0.70 -0.39 -0.79 -0.78 -0.31 -0*&Q -0.31 -0.50 

Drop emissivity +1 -0.73 -0Ni -0.83 - 0.82 -0.35 -09O -0.36 -0-54 

Thermistor e~~i~~ty 3-l -0.33 -0.19 -0.39 -0*38 -0.17 -0.42 -0.19 -0.26 

Vapour pressure +1 3.72 2m 4.07 4.02 1.47 4.28 1.44 246 

Heat of vaporization fl -2.54 -5.93 -1.83 -1.94 -6.99 -1.41 - 7.05 -5.03 

Diffusion wefticient +I 3.72 2*00 4.07 4.02 1.47 4.28 144 2.46 

Gas phase ~nd~i~ity +1 -190‘ -0.99 -2Go -1.97 -060 -2.05 - 0.54 -1.12 

Shape factor +1 2.15 1.18 242 2.39 0.97 2.59 0.99 1.53 

Shape factor (As) -t-2*06 4.39 2.42 4.95 4.88 1.98 5.30 2.02 3.14 
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thermistor heat loss negligible, a maximum increase of 11% in efficiency can be 
gained with the most favourable solvent. 

The effect of changes in the constants used in the calculation are shown in Table 5. 
Small variations in all constants can be considered to have a linear effect upon d. 
For large variations it must be considered whether the present model is adequate. In 
the light of Tables 4 and 5, the effect of errors in the solvent constants on the d,,, 
values can be discussed. For water, ether and benzene the constants are reliable (i.e. 
1% accuracy) and excellent d value correspondence is observed. For methanol, the 
chosen L value may be 1% highs and the D,, value up to 10 % high.s’ dcslc may there- 
fore be l-4 % high. Accurate determinations of the vapour pressure of ethyl acetate are 
lacking and the chosen value may be up to 4 % high.lsJ’ Thus dcalc may be high 
by 1.6%. The chlorinated solvents have been least accurately investigated and very 
divergent values for the same constant are reported. Thus D, for carbon tetrachloride 
variePBs7 from 0.0700 to O-1236 cm2 set-l, and L for chlorofornP from 62 to 66 
cal gl. For methylene chloride no D, values are available and use has been made of 
Gilliland’s equation. 23 This however in general yields values from 10 to 20% Iow.~ 
The vapour pressure of methylene chloride is also uncertain, very few determinations 
having been made. 

Such uncertainties, particularly in Do, are reflected in the large scatter of dcslc 
about de_, for these solvents, and improvements will only be made as more reliable 
constants become available. A further error involving all the solvents lies in the 
method of determining the thermal conductivity of the cell atmosphere, A simple 
linear interpolation method based on the partial pressure of the components has been 
used here, though the more laborious but accurate method of Lindsay et ~1.~ would 
be preferable. 

6.2. v and r& The variation of q with r, is shown by Figs. 1 and 2. The two models 
show similar behaviour, ye not varying significantly in the normal drop radius range. 
This confirms earlier less precise calculations*l and numerous experimental obser- 
vations. For very small drops the present theory is inapplicable since dilution 
becomes significant here at the steady state. With the present thermistors (rt = 0.18 
cm) a drop radius in the range 0*20-0.30 cm seems ideal, since maximum efficiency 
and minimum variation of q with ra are obtained. By using thermistor clips1 both 
the drop size and shape are reproducible and should lead to insignificant d value 
variations with time. 

6.3. Cell design. Ideal cell dimensions should not be critical in their accuracy 
for d and 7 reproducibility, should be convenient practically, and should yield a high 
efficiency. Since r can be increased only by a few per cent by optimizing the cell 
geometry, reproducibility must have precedence over efficiency where the requirements 
are contradictory. The present apparatus approximates to the optimum conditions. 
Although 7 is increased by reducing cell size, reproducibility is affected (see below). 

The most significant avoidable heat loss is that along the thermistor stem. For 

sE E. F. Fiock, D. C. Ginnings and W. B. Holton, J. Res. Nat. Bur. Stand. 6, 881 (1931). 
a7 B. V. Deryagin, P. S. Prokhorov and A. D. Malkina, Zhur. Fiz. Khim. 24,503 (1950). 
a8 W. Swietoslawski and E. Bartoszewicz, Rocmiki Gem. 11,78 (1931). 
as C. R. Wilke and C. Y. Lee, Ind. Eng. Gem. 47, I253 (1955). 
4a A. L. Lindsay and L. A. Bromley, Ind. Erg. Chem. 42,1508 (1950). 
41 C. Tomlinson, Mikrochimica Acta 457, (1961). 
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solid thermistors of the same outer radius as a normal thermistor an average decrease 
in 7 of about 3 % is expected. The heat loss along the thermistor stem varies approxi- 
mately as rt not rt2, assuming solid stem thermistors. Therefore increases in 7 of 5 % 

0 0.5 1.0 1.5 2.0 2.5 mm 

FIG. 1. Efficiency as a function of drop size (Echelon Model) 

. Et20 

\ CH,CI, 

\ 
MeOH 

--'CHC13 

/ 
H20 

/ 
EtOAc 

/C6H6 

-ccc, 

-r 

0 0.5 1.0 1.5 2.0 2.5 mm 

FIG. 2. Efficiency as a function of drop size (Cylinder Model) 

only would result from reducing the thermistor radius to 0.05 cm, but such a thermistor 
would be very fragile. Heat losses through the vapour phase are only reduced by 
decreasing the thermal conductivity of the cell atmosphere e.g. by replacing air by 
another gas. 
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Utilizing the present thermistors (see Table 1) the cell dimensions can be altered 
little to increase q. In general, decreasing rc and y leads to increased efficiency. In 
.very small cells however small variations in drop size, reservoir level etc. will become 
increasingly significant and affect the reproducibility of d. A minimum value of y of 
O-70 cm is suggested. Below this thermistor axis separation, S increases rapidly and 
is very sensitive to drop size variations. Cell radii below O-7 cm are thus precluded 
and it is likely that d value reproducibility for radii below 1.0 cm is unsatisfactory. 
Heat losses along the thermistor stem for 1, values of less than approximately 2+0 cm 
may become more significant particularly if rc is large. 

Cells conforming to the above recommended dimensions should vary little in 
their efficiencies. Experience with six apparatuses of similar dimensions to that used 
in the present work agrees with the above results. 

7. Conclusions 

The accuracy of the predicted d and 17 values by the developed theory seems 
limited only by the reliability of the constants employed. However, rigorous tests of 
the theory by d value predictions on further solvents, with different cell inert gases, 
and on changing the temperature, are required. The latter effect is complex and will 
be considered in another place. Once the theory has been verified, the method will 
afford an accurate way of determining D, values, provided the necessary constants 
are known with sufficient precision. 


