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The Use of  T h e r m i s t o r s  i n  Cryoscop,ic Measurements 

Richard  K .  McMullan and John D. C o r b e t t  

. . 
A b s t r a c t  

The a p p l i c a b i l i t y  of t h e r m i s t o r s  t o  c r y o s c o p i c  measurements 

h a s  been examined. A s i m p l e . W h e a t s t o n e  b r i d g e  was used t o  measure 

t,he t e m p e r a t u r e - s e n s i t i v e  r e s i s t a n c e  o f  t h e  t h e r m i s t o r .  T h e o r e t i c a l  

e q u a t i o n s  d i r e c t l y  r e l a t i n g  t h e r m i s t o r  r e s i s t a n c e  a t  t h e  f ~ e e z , l n g  

p p i n t '  t o  t h e  c , o n c e n t r a t i o n  o f  t h e  s o l u t i o n  have  . . been developed..  

Data o b t a i n e d  i n  benzene o r  1,4-dioxane w i t h  c o n c e n t r a t i o n s  of 

phenan th rene  o r  n a p h t h a l e n e  up t o  a  mole f r a c t i o n  o f  0.008 f i t  

t h e  e q u a t i o n s  p r e s e n t e d  w i t h  a  s t a n d a r d  d e v i a t i o n  c o r r e s p o n d i n g  

t ,o a b o u t  one mi, l l idegr .ee.  Measurements i n  p y r i d i n e  a t  -42", 

waere a  Beckmann thermometer  canno t  be  used,  gave comparable 

r e s u l t s .  Va lues  c a l c u l a t e d  f o r  t h e  h e a t s  of  f u s i o n  o f  t h e  

s o l v e n t s  employed a g r e e d  q u i t e  w e l l  w i t h  t h o s e  r e p o r t e d  i n  t h e  

literature. S i m p l i f i e d  r e s i s t a n c e - c o n c e n t r a t i o n  e q u a t i o n s  t h a t  

gave e s s e n t i a l l y  t h e  same r e s u l t s  have a l s o  been sugge,s ted .  

R e s u l t s  o b t a i n e d  s i m u l t a n e o u s l y  w i t h  a  t h e r m i s t o r  and a  

Beckmann thermometer  i n d i c a t e d  v h a t  t h e  method gave r e s u l t s  
; 

w,ith a b o u t  o n e - t h i r d  t h e  u n c e r t a i n t y  of  t h e  u s u a l  Beckmann 

t , echn ique .  0 b s e r v a . t i o n s  on t h e  s t a b i l i t y  of  t h e r m i s t o r s  a r e  

p r e s e n t e d .  



S e v e r a l  a r t i c l e s  i n  t h e  l i t e r a t u r e  have r e p o r t e d  t h e  a p p l i c a -  

t i o n  of  t h e r m i s t o r s  t o  t h e  measurement of  t empera ture  and'small 
. ' 5  

t empera tu re  d i f f e r e n c e s  (1-4) .' However, t h e  a d a p t a b i l i t y  of  

t h e s e  semiconductors  t o  a a c u r a t e  .measurement o f  f r e e z i n g  p o i n t  

d e p r e s s i o n  and c o n c e n t r a t i o n  wi thou t  t h e  use  of  e l a b o r a t e .  o r  

expens ive  equipment does  n o t  seem t o  have been emphasized. 

The 'purpose o f  t h i s  a r t i c l e  is8 t o  p o i n t  o u t  t h e  p r a c t i c a b i l i t y  

o f  ' c ryoscop ic  measurement of c o n c e n t r a t i o n  by mean0 nf a t.hesmietor 

w i t h  a n  i n c e r t a i n t y  less t h a n  t h a t  o b t a i n a b l e  w i t h  t h e  con- 

v e n t i o n a l  ' ~eckmann  thermometer,  and w i t h  a  'measu r ing  c i r c u i t  . ' 

a v a . i l a b l e  i n  any undergradua te  p h y s i c a l  chemis t ry  i a b o r a t o r y .  

I n  a d d i t i o n ,  a t  t empera tu re s  below -3g0, t h e  f r e e z i n g  p o i n t  

o f  mercury, t h e  t h e r m i s t o r  appea r s  u n e x c e l l e d  for such measure- 

ments. 

The u s e f u l n e s s  of  t h e r m i s t o r s  ah t&rnperature-sensing d e v i c e s  

r e s u l t s  from t h e i r  r e l a t i v e l y  l a r g e  nega t ive  temperature  

c o e f f i c i e n t  o f  r e s i s t a n c e .  T h i s  changes from 1% p e r  degree a t  

300' t o  4% a t  25. and 6 ' t o  8% a t  -50°, i n  - c o n t r a s t  t o  about  

0 .35s  f o r  plati 'num a t  a l l  t empera tures .  Commercial v a r i e t i e s  - 7  

composed o f  s i n t e r e d  t r a n s i t i o n  meta l  ox ides  a r e  a v a i l a b l e  from 

0.1 x 0.05 t o  i . 0  x '0.24 i n c h e s  i n  s i z e ,  and from 10 t o l o 5  ohms 

i n  r e s i s t a n c e  (5) .  The t empera tu re - r e s i s t ance  r e l a t i o n s h i p '  o f  

t h e  i n d i v i d u a l  e lement '  must be ob ta ined  by h a l i b r a t i o n .  Although 
. . 

' a t  e l e v a t e d  t empera tu re s  t h e r m i s t o r s  s l o w l y  i n c r e a s e  i n  r e s i s t a n c e  

w i t h  time, t h i s  change a t  room tempera ture  and below i s  u s u a l l y  
' 

ve ry 'minor ,  and i t s  e f f e c t  on t h e  r e s u l t s  can be e l imina t ed .  



3 . .  . 

APPARATUS . . 

For  t h e  measurements d e s c r i b e d  h e r e i n  a  ' s imple  w h e a t s t o n e  

b r i d g e  was used t o  f o l l o w  t h e  r e s i s t a n c e  of  t h e  e lement .    he 
t h e r m i s t o r  used was a c a r b a l o y  t y p e  D-102 (5) ( a b o u t  $3..00), w i t h '  

f 

r e s i s t a n c e s  of  '1010,' 2300 and 22,060 ohms a t  25; 5 and -40°C, . . 

r e s p e k t i v e l y .  For  measurements i n  t h e  r a n i e  o f  0 t o  10°C t h e  

b r i d g e  i n c l u d e d  two 1000 ohm . . . . .. s t a n d a r d  . . . r e s i s t o r s  f o r  t h e  f i x e d  

arms, a  .Leeds and Nor thrup 2420-d ga lvanomete r  f o r '  t h e  d e t e c t o r ,  

and a  1.5 v o l t  d r y  c e l l  w i t h  a  500 ohm r e s i s t o r  i n : s e r i e s  a s  

t h e  c u r r e n t  s o u r c e ,  For  t h e  v a r i a b l e  r e s i s t a n c e , ,  , t w o  decade  

boxes  (1, 10, 100, 1000 ohm s t e p s )  were used i n  p a r a l l e l  s o  a s  

t o  i n c r e a s e  t h e  s e n s i t i v i t y  o f  t h e  b r i d g e  w i t h o u t  t h e  u s e  o f  

decades  w i t h  s m a l l e r  r e s i s t a n c e  incremen ' t s .  ' The. t h e r m i s t o r ,  con- 

n e c t e d  t o  t h e  b r i d g e  w i t h  .#22 copper  wire, was p o s i t i o n e d  i n  t h e  

bot tom o f  a  th in -wa l l ed .  g l a s s  t u b e  p r o J e c t i n g  i n t o  t h e  s o l u t f o n  

. f rom above,  The bottom i n c h  of t h i s  t u b e  was f i l l e d  w i t h  .pe t ro leum 

e t h e r  f o r  b e t t e r  t h e r m a l  c o n t a c t  w i t h  the .  sys tem.  Use o f  w a t e r -  

miscible l i q u i d s ,  h e r e  gave e r r a t i c  r e s u l t s ,  a p p a r e n t l y  ,due t o  

c o n d u c t i o n  be.tween t h e  l e a d  wires. T h e , t h e r m i s t o r  cou ld ,  o f  

c.ourse, b e  immersed d i r e c t l y  i n  t h e  s o l u t i o n  i f  i t  were n o t  

c o n d u c t i n g  o r  r e a c t i v e .  . . 

S i n c e  t h e .  a p p a r a t u s  was t o  b e  used f o r  ' t h e  s t u d y ' , o f  

complexing r e a c t i o n s  i n  non-aqueous s o l v e n t s ,  t h e  c r y o m e t r i c  

' c e l l  employed was o f  all-g1ass~'construction. E v a c u a t i o n  o f  t h e  
/--- 

i n t e r v e n i n g  s p a c e  i n  t h e  d o u b l e  w a l l  of  &he c e l l  gave much more 

s a t i s f a c t o r y  r e s u l t s .  With a  c o o l i n g ' b a t h  f i v e  degrees below 

t h e  m e l t i n g  p o i n t  of  t h e  s o l v e n t ,  a . c o n s t a n t  r e s i s t a n c e  p l a t e a u  

was o b t a i n e d  f o r  s e v e r a l  minu tes  f o l l o w i n g  ,a  s u p e r c o o l i n g  of a  
. . 



few t en ths  of a degree. Balance was achieved i n  a  closed 

c i r c u i t  so  t ha t  the e f f e c t  of thermistor  heat ing by the  

bridge current  (about one mii l iwat t )  would r e a c h a  steady 

a t a t e .  The-so lu t ion  was s t i r r e d  magnetically with a Teflon- 

covered. s t i r r i n g  bar .  

The reagent grade o r  EK White Label benzene, pyridine 

and l,4-dioxane solvents  used were d i s t i l l e d  from CaH2 o r  

LiA1H4 i n t o  the c e l l  - in vacuo I n  most experiments and the  c e l l  

and solvent  weighed on a so lu t ion  balance. The dioxane, a s  

obtained from M r .  Wilfred ~ o r d u i n ,  had been t rea ted  with HC1, 

NaOH, r e f  Puxed o v e r  sodium mital, and f rac t ionated i n  a 30 

p l a t e  Oldershaw column. "Nonaq" stopcock grease  ishe her 

S c i e n t i f i c  Co. was used f o r  ground jo in t  lubr ica t ion  i n  the  \../ 

presence of these solvents .  

Over a temperature i n t e r v a l  of severa l  degrees, the r e s i s -  

tance of a thermistor  can be expressed qu i t e  accurate ly  aa 

In  r/rO = B (I/T - l/To) (1) 

where B is a constant of the  thermistor  (5) .  A t  the  f reezing 

point  of benzene the  s e n s i t i v i t y  of the  galvanometer enabled 

balancing t o  the neares t  0.03 ohms i n  r, .so t ha t  a temperature 

d i f fe rence  of about 3.5 x lom4 degrees could be detected with 

t h i s  c i r c u i t .  U s e  of d i f f e r e n t  r e l a t i v e  res i s tance  s e t t i n g s  on 

the  p a r a l l e l  decades, o r  only a s ing l e  decade, does not a f f e c t  

the  s e n s i t i v i t y  of the  measurement provided the  var iable  i s  
. . 

equipped with s u f f i c i e n t l y  small res i s tance  ,increments so t h a t  

t he  f u l l  s e n s i t i v i t y  of the galvanometer ,can be u t i l i z e d .  



CALIBRATION 

A s  w i l l  be shown l a t e r ,  a  d i f f e r e n t i a l  c a l i b r a t , i o n  of t h e  

the rmis to r  t h a t  may be adequate f o r  some purposes can be 

obtained by comparison with a  Beckmann thermometer. D i rec t  

c a l i b r a t i o n  of t h e  element could a l s o  'be obtained by comparison 

with a  s tandard r e s i s t a n c e  thermometer, if a v a i l a b l e .  However, 

f o r  mole,cular weight s tudf  es ,  the  ,s implest  and most .convenient 

method of c a l i b r a t i o n  was taken t o  be t h e  d i r e c t  measurement 

of t h e  r e s i s t a n c e  t o  t h e  ' thermistor  a t  t h e  f r e e z i n g  po in t  of 

s o l u t i o n s  of known concentrat ' ion,  us ing  systems i n  which t h e  

so lven t  presumably behaved i d e a l l y .  Phenanthrene o r  

naphthalene (EK White Label, vacuum sublimed)' were used a s  

s o l u t e s  i n  benzene, dioxane and pyr id ine ,  and C.P. urea o r  

dext rose  i n  water.  . concent ra t ions  were ca lcu la ted  d i r e c t l y  

from t h e  weights of  t h e  components. 
I 

For  a  d i l u t e  s o l u t i o n  i n  which t h e  so lvent  obeys R a o u l t l s  

Law, t h e  c l a s s i c a l  express ion  f o r  the  v s r i a t i o n  of t h e  f r e e z i n g  

poin t  depress ion  A T  with conce.ntration i s  

- In  N = P H O  AT/RTT~ 
I 1 (2 

where N1 i s  the  mole f r a c t i o n  so lvent ,  and t h e  o t h e r  symbols 

have the  usua l  s ign i f i cance .  When allowance Is made f o r  t h e  

change i n  t h e  hea t  of fus ion  with temperature, the  express ion  

can be derived (6), where ACp, t h e  d i f f e r e n c e  i n  hea t  capac i ty  

of the  l i q u i d  and s o l i d  so lven t  a t  To, i s  assumed constant  over  

the  temperature.  range involved. For t h i s  work terms h igher  than  



2 T i n  the  power s e r i e s  a r e  i n s i g n i f i c a n t  and can be dropped. 

S u b s t i t u t i o n  f o r  A T  i n  terms of the  thermis tor  r e s i s t a n c e  
2 

( equa t ion  1 ) ,  with TT0 5 To , i n  the  4 C p  term, g ives  

2 2 
2 . 3 0 3  WpT, ( log r / r o ) .  4 H" ( l o g  r / ro)  - - . - log  N1 + - 

RB . 
(4 )  

~ R B ~  

A t e s t  of t h e  s u i t a b i l i t y  of t h i s  equat ion  was made employing 

measured values of a t  the  . f r e e z i n g  p o i n t s  of t h i r t e e n  known 

s o l u t i o n s  of phenanthrene in ,benzene .  A measured value of B, 

obtained a s  descr ibed below,' and adCp of 1.82 c a l .  mole-l (7)  
2 were used i n  eva lua t ion  of the  c o e f f i c i e n t  of the  (log r/ro) 

term (7.67 x 10-3,). I n  p r a c t i c e ,  an est imated B (5)  would . 

be s u f f i c i e n t .  Within t h e  concent ra t ion  range where the  so lven t  

behaves i d e a l l y ,  t h e  accuracy of the  measurement va r i e s  

d i r e c t l y  with AT, o r  Nz. Accordingly, a value of 0.361z2 f o r  the  

cons tan t  L\H"/RB was obtained from a  weighted average of t h e  

r a t i o  of t h e  l e f t  hand s i d e  of equat ion  4 t o  log  r ,  us ing  

N2 a s  t h e  weight f o r  each mea.surement. The f i t  of the  da ta  t o  

t h e  e x p r e s s i o n . s o  obtained i s  shown i n  Table 1. The f r e e z i n g  

po in t  depress ion  f o r  t h e  l a r g e s t  concent ra t ion  shown would be 

0.54". The l a s t  column expresses  t h e  d i f f e r e n c e  between the  

known and ca lcu la ted  values of N2 i n  terms of t h e  equiva lent  

e r r o r  i n  measurement of AT. The average and standard dev ia t ions  

of 0.96 x  and 1 . 2 4  x  10-3 degrees i n  4 T, r e spec t ive ly ,  o r  

a  confidence range of 2 0.74 x 10-3 degrees f o r  a  95s  confidence 

l e v e l ,  a r e  i n d i c a t i v e  of both  t h e  accuracy of the  measurements, 

and t h e  s u i t a b i l i t y  of equat ion 4 as a  d e s c r i p t i o n  of t h e  

r e l a t i o n s h i p  be tween . res i s t ance  and concent ra t ion .  The d e v i a t i o n  

obta ined ,  here a r e  one-half t o  one-fourth of those repor ted  i n  the 



7 

Table 1 

The Suitability of -the Equation -log N1 + 7.67 x (log r/r,12 = 0.36122 log r/ro As. A Description of the Calibration Data in 
Benzene 

log dr,.. 
ro P A ( A  T) 

ohms ohms 103 "x ;g3 x 1 x 103 

2332.06 8. 1090 

1.5 0.96 -. ' 
Aver, .dev, 

1.24 
Stld dev. 



l i t e r a t u r e  f o r  o t h e r  s i m i l a r  measurements w i t h  t h e r m i s t o r s  

The source  of t h e  appa'renbly sys t ema t i c  t r e n d  i n  t h e  d e v i a t i o n s  
, . .  

shown i n  Table  1 i s  not  comple.tely understood.  Non-ideal 

b e h a v i o r . o f  the. s o l v e n t  would be expected t o  have an oppos i t e  
. . 

e f f e c t .  Poss ib ly  e i t h e r  sma l l  weighing e r r o r s ,  uncompensated 

l e a d  r e s f  s t a n c e s ,  o r  t h e  need f o r  a d d i t i o n a l  smal l  . terms i n  t h e  

d e s c r i p t i o n  o f  the r e s i s t a n c e  of  t h e  t h e r m i s t o r  by equa t ion  1 (8) 

a r e  r e s p o n s i b l e .  S ince  t h e s e  d e v i a t i o n s  show a  r e g u l a r  t r e n d , ,  

t hey  could be reduced by curve f i t t i n g ,  a l though  t h e  d e s i r a b i l i t y  

of hav ing  a  t h e o r e t i c a l . e x p r e s s i o n  t o  exp res s  t h e  r e l a t i o n s h i p  

may be cons idered  more impor tan t .  

A va lue  of 2345 c a l o r i e s  f o r  t h e  molar hea t  of  f u s i o n  of 

benzene was c a l c u l a t e d  from t h e  c o n s t a n t  ~ H " / R B  ob ta ined  i n  the ,  

c a l i b r a t i o n ,  and a  measured va lue  of  B. T h i s  compared t o  2351 
: -1 

c a l .  mole r e p o r t e d  from . c a l o r i m e t r i c  measurements ( 7 ) .  A hea t  

of  f u s i o n  o f  2344 c a l .  mole-' was ob ta ined  from t h e  same da t a  

w i t h o u t ' t h e  use of t h e  ACp term, and t h e  d a t a  fit t h e  r e s u l t i n g  
. . e q u a t i o n  w i t h  t he  same accuracy .  

The t h e r m i s t o r  s o  c a l i b r a t e d  was a l s o  used . t o  determine t h e  

molecu1a.r weigh ts  of a  number of  subs t ances  i n  benzene, F o r '  

example, from measurements on t e n  concen t r a t fons  of naphthalene' 

i n  benzene, an  average  molecular  weight of  128.08 + 0.66 average 

d e v i a t i o n  (0.87 st Id. d e v i a t i o n )  was c a l c u l a t e d ,  a s  compared t o  

128.16 f o r  t h e  accep ted  va lue .  From t h e  change i n  r e s i s t a n c e  

observed when benzene was s a t u r a t e d  w i t h  Sb13, t he  s o l u b i l i t y  

a t  5.5" was c a l c u l a t e d  t o  be 6.00 + .0.06 grams p e r  1000 grams of . 

. , 

s o l v e n t .  



ALTERNATE EXPRESSIONS 

The use of equation 4 forthe calibration and subsequent 

.:evaluation of molecular weights may for many, purposes be found 

to be somewhat lengthy, since evaluation of log N and antilog 

N for Nl'close to unity requires use of the first two or 
1. 

three terms of the equivalent power series.,expansion. A more 

facile exp:.:ession can be derived from equation 4 .with only minor 

approxima t f ons. Taking - In--N--- = m~~/1000, where m is the molality 
1 

and M1, the molecular weight of the solvent, and noting that. 

r/ro is equal to 1 + ar/ro, expansion of ln(1 + 4r/rO) in a 

power series gives 

A calibration.can then be obtained by fitting the data to this 

quadratic in. b r r .  , Actually the d Cp term for benzene, is so 

small that it can be dropped, giving the simple expression 

Fitting the same benzene calibration data to this one-constant 

equation gave average and'standard deviations of 1.11 x 10-3 and 

1.43 x degrees in D T  and a A HO of 2349 cal. mole-', values 

not, significantly different from those obtained with equation 4.. 

Equation 6 is the resistance-concentration relation that has been I I .  

./..--- 
. - 

found most convenient for subsequent applications of the thermistor '-; 
, in this laboratory. 



If  t h e  c o e f f i c L e n t s  o f  t h e  f i r s t  and. s econd  powe.rs o f  

&r/ro a r e  a l l o w e d .  t o  v a r y  i n d e p e n d e n t l y ,  t h e  e r r o r  i n  t h e  

a p p r o x i m a t i o n  o f  m o l a l i t y  f o r  l o g  N a s  w e l l  a s  any  s y s t e m a t i c  ' 
1' 

e r r o r s ,  c a n  b e  p a r t i a l l y  e l i m i n a t e d .  A @;enera1  q u a d r a t i c  

i n  ~ r / r ~  was f i t  t o  t h e  same d a t a  w i t h  a v e r a g e  and s t a n d a r d  

d e v i a t i o n s  i n  AT o f  0 . 8 3  x and  0.95 x  10-3 d e g r e e s ,  

A c t ~ l a l l y  f o r  sk~lrlent I I S ~  a l a r g e  graph nf br/so vs. m o r  
%., 

N 'i; p r o b a b l y  t h e  mos t  c o n v e n i e n t  p r o c e d u r e  a s  t h e  r e s u l t  i s  
2 

v e r y  n e a r l y  l i n e a r .  S l i g h t l y  b e t t e r  r e s u l t s  c a n  be o b t a i n e d  i f  

a  c u r v e  f o r  t h e  d e v i a t i o n s  o f  t h e  d a t a  frorn t h e  s t r a i g h t  l i n e  

rn = a ( & r / r o )  i s  o b t a i n e d  a n a l y t i c a l l y ,  and. t h i s  a p p l i e d  t o  

t h e  c o n c e n t r a t i o n s  c a l c u l a : t e d ,  f rom t h e  l i n e a r  r e l a t i o n s h i p .  
. . 

OTIEH SOLVENTS 

C r y o s c o p i c  measuremGnts i n  d i o x a n e  and  i n  w a t e r  u b i l i z i n g  

t h e  t h e r m i s t o r  g a v e  s i m i l a r  r e s u l t s .  I n  d i o x a n e ,  f i v e  c o n c e n t r a -  

t i o n s  o f  ; n a p h t h a l e n e  up t o  N2 = 0.009 f i t  e q u a t i o n  4 w i t h  a n  

a v e r a g e  d e v i a t i o n  i n  A T  of 0.82 x lo-' d e g r e e s ,  u s i n g  a  ACp o f - -  

1. c a l .  mole-' ( 9 ) .  An e s t i m a t e d  B g a v e  3 0 2 1  c a l .  mole-' f o r  t h e  
-1 h e a t  o f  f u s i o n ,  a s  compared t o  3070 and  3017 c a l .  mole r e p o r t e d  

i n  t h e  l i t e r a t u r e  ( 9 , 1 0 ) .  The h e a t  o f  f u s i o n  o f  w a t e r  s i m i l a r l y  

o b t a f n e d  d i f f e r e d  f rom t h e  a c c e p t e d  v a l u e  by 3 c a l o r i e s .  

S i n c e  measu remen t s  i n  low m e l t i n g  s o l v e n t s  w i t h  Beckmann 

t h e r m o m e t e r s  a r e  l i m i t e d  by t h e  f r e e z i n g  p o i n t  o f  mercury ( - 3 g 0 ) ,  

t h e  t h e r m i s t o r  a p p e a r s  p a r t i c u l a r l y  u s e f u l  f o r  i n v e s t i g a t i o n s  a t  

l o w e r  t e m p e r a t u r e s .  To c o n f i r m  t h i s ,  t h e  e l e m e n t  was c a l i b r a t e d  

i n  p y r i d i n e  a t  -42", u s i n g  , n a p h t h a l e n e  a s  t h e  s o l u t e .  S i n c e  r, - 



a t  t h i s  temperature was 22,250 ohms, t h e  br idge wag modified 

by s u b s t i t u t i o n  of h igher  r e s i s t a n c e  components . i n  the  f ixed  

arms and . a  s i n g l e  decade f o r  t h e  v a r i a b l e  r e s i s t a n c e .  The 

cons iderable  supercool ing observed with a  -80' cool ing  b a t h  was 

overcome by s t a r t i n g  t h e  f r e e z i n g  process  with a  few c r y s t a l s  

of t h e  so lvent  a l r eady  present .  Under these  condi t ions ,  the  

r e s i s t a n c e  of t h e  the rmis to r  was reproducib le  t o  one t o  two 

ohms, the  l a r g e r  value corresponding t o  1.6 x  degrees.  

With ACp = 0, the  t h r e e  concent ra t ions  used f i t  equat ion  4 with 

a n  average d e v i a t i o n  of 2 .8 x 10-3 d e g r e e s  i n  AT f o r  Ng up t o  
-1 0.0063. A heat  of f u s i o n  f o r  pyr id ine  of 1880 - + 8 c a l .  mole 

was ca lcu la ted  from t h e  s iope  and an  est imated B .  A l i t e r a t u r e  , 
value f o r  t h i s  constant  was not found. 

. . 

DETERMINATION OF B AND COMPARATIVE BECKMANN MEASUREMENTS 

I n  o rde r  t o  ob ta in  t h e  values of B employed I n  t h e  above heat  

of fus ion  c a l c u l a t i o n s ,  a s  wel l  a s  t o  e s t ima te  t h e  conlparative 
' 

accuracy of.Beckmann thermometer readings  i n  cryoscopic measure.- 

ments, s e v e r a l  s e r i e s  of .experiments were made i n  which both a  .. 

Beckmann thermometer and a  the rmis to r -  &ere  used. The thermometer 

readings were correc ted  f o r  emergent .stem, and '  f o r  the  s e t t i n g  

f a c t o r .  The l a t t e r  allowed f o r  the  d i f fe rence  i n  t h e  mass of 

mercury i n . t h e  bulb a t  temperatures o t h e r  than  t h a t  a t  which i t  

was c a l i b r a t e d ,  usua.l ly 20" (11).  I n  thsee  separa te  runs,  

seventeen s o l u t i o n s  of phenanthrene i n  benzene gave, a  weighted 

average B of 3  .267 ,x 103 degrees (equat ion  1). Simi lar ly ,  e leven 

s o l u t i o n s  of urea i n  water gave a  B of 3 .233 x 103 degrees.  ~ r o m  

these  values,  i t  can be seen  t h a t ,  a l though the  "constant"  B f o r  

t h e  the rmis to r  does change s l i g h t l y  with temperature,  t h e  change 



would r e s u l t  i n  an e r r o r  of only 0.2 x degrees f o r  a  0.5 

degree int,erval. The va lues  of 'B used i n  t h e  b HO c a l c u l a t i o n s  with 

dioxane and pyr id ine  were est imated from the  r a t e  of change 

observed wi th  benzene and water, t oge the r  with da ta  provided by 

t h e  manufacturer (5), and a r e  probably accura te  t o  0.5$. 

The d i f f e r e n c e s  between t h e  observed and ca.lculated values 

of  b T  (equat ion 1 )  a r e  shown i n  Figure  1 f o r  both  solvents . .  

The average and s tandard  d e v i a t i o n s  i n  A T  f o r  benzene a r e  

2.6 x and 3 . 4  x degrees, and f o r  water, 2.7 x 

and 3.'5 x degrees:, r e s p e c t i v e l y .  It w i l l  be noted t h a t  t h e  

d e v i a t i o n s  found here a r e  about t h r e e  t imes a s  l a r g e  as those 

found f o r  a  s i m i l a r  temperature i n t e r v a l  i n  the  r e s i s t a n c e  c a l i -  

b r a t i o n  wi th  equat ion  4 (Table 1 ) .  Moreover, a l l  systems s tud ied  

wi th  t h e  the rmis to r  showed,about t h e  same t r end  i n  the  devia t ions ,  

whereas wi th  t h e  Beckmann these  show q u i t e  d i f f e r e n t  behaviors  

i n  t h e  s o l v e n t s  water and benzene. Accordingly, t h e  dev ia t ions  

shown i n  F f g u r e " 1  are i n t e r p r e t e d  t o  be e s s e n t i a l l y  a  c a . l i b r a t i o n  

curve f o r  the  Beckmann i n  the  ( d i f f e r e n t )  s c a l e  ranges employed, 

with' a s c a t t e r  i n d i c a t i v e  of t h e  r e p r o d u c i b i l i t y  of such a  . . 

measurement, and wi th  t h e  smal ler  tresd observed i n  the use of 

equat ion.  4 superimposed. The e f f e c t  of t h e  dev ia t ions  frpm the 

r e s i s t ance -concen t ra t ion  express ion  found f o r  benzene is  t o  reduce 

t h e  l a r g e s t  d i f f e r e n c e s  shown and t o  i n c r e a s e  s l i g h t l y  those i n  

the  in termedia te  range; t h e  .over-a l l  average i s  not a f f e c t e d  

s i g n i f i c a n t l y .  Since a l l  t he  benzene s o l u t i o n s  used were of known 

concent ra t ion ,  comparison of the  observed depressions with those 

c a l c u l a t e d  from concent ra t ion  (equa,tion 2 )  confirms t h e  e f f e c t  of 

the the rmis to r  dev ia t ions .  
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THERMISTOR STABILITY 

One d . i f f i c u l t y  o f t e n  ment ioned.  i n  t h e  a p p l i c a t i o n  of  t h e r m i s -  

t o r s  t o  t e m p e r a t u r e  measurement  i s  t h a t  t h e y  t e n d  t o  und,ergo s low 

c h a n g e s  i n  r e s i s t a n c e  o v e r  a  p e r i o d  o f  time (5), and a t  a  r a t e  

t h a t  v a r i e s  w i t h  t h e  i n d i v i d u a l  e l e m e n t .  However, f o r  t h e  t y p e  

o f  work d e s c r i b e d  h e r e i n ,  t h i s  f a c t o r  h a s  b e e n  s u b s t a n t i a l l y  
1 

e l i m i n a t e d  by t h e  u s e  of  e x p r e s s i o n s  r e l a t i n g  t h e  t e m p e r a t u r e  . . 

c h a n g e  t o  t h e  r a t i o  of t h e  r e s i s t a n c e  a r a t  t h e  f r e e z i n g  p o i n t  

o f  a  g i v e n  s o l u t i o n  t o  t h e  r e s i s t a n c e  ro f o r  t h e  p u r e  s o l v e n t  . , 

a t  t h e  s t a r t  o f  t h e  measurement .  T h i s  t h e n  r e q u i r e s  o n l y  t h a t  

t h e  t h e r m i s t o r  r e s i s t a n c e  n o t  change  d u r i n g  t h e  r u n ,  a  c o n d i t i o n  

wh ich  f rom e x p e r i e n c e  h a s  b e e n ,  f o u n d  t o  b e  q u i t e  p r a c t i c a l .  

The two series o f  measu remen t s  'shown i n  T a b l e  1 were pu rp ,ose ly  

c 'hosen t o  te 'st .  t h i s  c o n c e p t .  . The r u n s  'were c a r r i e d  o u t  s e v e n  

weeks a p a r t ,  d u r i n g  wh ich  time, a s  a r e s u l t  o f  v a r i o u s  t r e a t m e n t s ,  

r0 
had  changed  by s e v e r a l  t e n t h s  o f  a p e r  c e n t .  Moreover ,  - 

t h e  f i rs t  g r o u p  was o b t a i n e d  w i t h  u n d r f e d  benzene  a t  one a t m o s p h e r e  

: p r e s s u r e  ( n o t  t h e  u s u a l  p r o c e d u r e ) ,  w h i l e  t h e  s e c o n d  se t  u n d e r  
. . . \  

I t h e  v a p o r  p r e s s u r e  o f  t h e  s o l u t i o n  .used d r y  v a c u u m - d i s t i l l e d  

b e n z e n e .  A l though  i n  t h e  f o r m e r  t h e  0.003" d e p r e s s i o n  o f  t h e '  . 

f r e e z i n g  p o i n t  r e p o r t e d  f o r  pne a t m o s p h e r e  of a i r  (1.2) a f f ~ r . t t ~ C 1 .  
. . . , 

r o n l y  s l i g h t l y ,  a n  unknown b u t  a p p a r e n t l y  s m a l l  c o n c e n t r a t i o n  o f  
0 
7 

w a t e r  condensed  f rom t h e  a i r  a l s o  s e r v e d  t o  i n c r e a s e  ro. Much - 
s m a l l e r  d i f f e r e n c e s  were f o u n d ' b e t w e e n  s e p a r a t e  sets of d a t a  ob- 

t a i n e b  u n d e r  s i m i l a r  c o n d i t i o n s  o n l y  a  few d a y s  a p a r t .  

When t h e  r e s i s t a n c e  o f  a  t h e r m i s t o r  i s  f i r s t  measured  . a t  a  

new a n d  somewhat d . i f f e r e n t  t e m p e r a t u r e ,  a  s low d r i f t  i s  somet imes  
. . 



noted. However, i f  the element i s  allowed t o  age a t  t h a t  

temperature f o r  a shor t  time, t h e  values become q u i t e  cons tant .  

Thermal shock, such as cool ing  t o  -190°, w i l l  change t h e  

r e s i s t a n c e  observed a t  a r e fe rence  temperature,  a l though again,  : , 

a f t e r  a few hours, the  element w i l l  s e t t l e  down t o  a constant  . 

. value.  Cooling t o  - 8 0 ° C  was observed t o  have l i t t l e  e f f e c t ,  on 

t h e  r e s i s t a n c e  a t  0" . Johnson and .Kraus (3 )  observed t h a t ,  over 

a per iod of 1 5  days, the  v a r i a t i o n s  i n  t h e  apparent temperature 
. . 

of the  i c e  po in t  a s  measured with a thermis tor  showed a s tandard i 

dev ia t ion  of only 1.1 x degrees.  

.t 
.1' 

CONCLUSION ! I 
. . . . ,I 

! 
The a p p l i c a t l o n  of the rmis to r s  t o  cryoscopy, o r  what i s  a c t u a l l y  

cryometry, us ing  a simple express ion  d i r e c t l y  r e l a t i n g  concentra- 
m t i o n  and the rmis to r  r e s i s t a n c e ,  has been shown t o  g ive  b e t t e r  > I  

r e s u l t s  than  those obtained by t h e  usua l  Beckmann technique.  . .: 
I n  add i t ion ,  once t h e  element has been c a l i b r a t e d ,  the  ease  of 

the measurements i s  somewhat g r e a t e r .  The method has been used 

f o r  t h e  determinat ion of t h e  molecular weights of ga l l ium(I1)  -. 

h a l i d e s  i n  anhydrous so lvents ,  and t o  determine the  s to ichiometry  

of var ious .acid-base and d i sp ropor t iona t ion  r e a c t i o n s  of these  

compounds. .The r e s u l t s  of t h i s  work will be repor ted  elsewhere. 
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