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used in this s tudy  were chosen because of their  perfection 
as judged  by the eye and  also by the narrowness of the 
Bragg reflexion peak. 

One of us (W. A. W.) wishes to acknowledge gratefully a 
grant  from the D.S.I.I~. for assistance in this work; one of 
us (G. N. 1%.) thanks  the Commissioners of the 1851 
Exhibi t ion for a scholarship which made possible a period 
of research in England.  
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The polymorphic  transit ions which m a n y  substances 
undergo upon change of tempera ture  are of considerable 
theoretical  interest  in the s tudy  of crystal chemis t ry  and 
have been used exper imenta l ly  to provide fixed points 
for t empera ture  calibration (Buerger, Buerger  & Chesley, 
1943). The t ransi t ion usually involves a change in the 
vibrat ional  or rotat ional  energy state  of one of the ionic 
or molecular  consti tuents,  and  generally occurs at  an 
appreciably lower t empera tu re  when the high - temperature  
form is cooled than  when the low-temperature  form is 
heated.  The separat ion of these two tempera tures  may  
be called a hysteresis range for the t ransi t ion;  its ex tent  
is found to vary  widely among different crystals. Super- 
heat ing or supercooling is to be expected in most  tran- 
sitions. I t  is also expected tha t  the transit ions will be 
somewhat  sensitive to changes in pressure. 

In an attempt to obtain a number of transition tem- 
peratures which might be used as 'fixed' points for cali- 
bration by the Buerger method of an electrically heated 
furnace for an X-ray powder camera, a survey of the 
literature was made. Considerable disagreement as to the 
value of each transition temperature was found, and in- 
formation concerning the hysteresis range was meager. 
In order to correlate and evaluate these data it was 
necessary to study each transition experimentally. 
Measurements were made using reagent-grade samples 
placed inside carefully insulated containers which could 

Table 1. Results 

Substance Transition 
NH4NO 3 orth.-tet. 

tet.-cubic 
CsC104 orth.-cubic 
KC104 orth.-cubic 

be immersed in a cons tan t - tempera ture  oil ba th  or placed 
inside a control led- temperature  oven so as to provide 
slow, uniform heat ing or cooling toward a fixed tem- 
perature  about  30 ° C. beyond the t ransi t ion range. Tem- 
peratures of the samples were measured with fine-wire 
thermocouples calibrated against  s tandardized Anschutz 
thermometers  and read by means of a po ten t iometer  
circuit a t  intervals of ½ rain. or 1 rain. Plateaus or in- 
flections in the heating- or cooling-rate curves gave the 
transi t ion temperatures .  

Transi t ion ranges have been studied carefully for 
potassium perchlorate,  cesium perchlorate,  and for two 
of the four known transit ions of a m m o n i u m  nitrate .  I t  
was found tha t  the transit ions for increasing t empera tu re  
occurred at  the same tempera ture  (tH) on each successive 
tr ial  for a par t icular  compound,  bu t  tha t  the amoun t  of 
superheat ing varied with the heat ing rate  and with  the 
history of the  sample. Similarly, the t ransi t ion toward  
the lower-energy form occurred at  a sensibly constant  
t empera ture  (tc) on successive trials following a variable 
amoun t  of supercooling. In  cases of extreme superheat ing 
or supercooling the amoun t  of energy involved in some 
transit ions may  be insufficient to re turn  the sample to the 
transi t ion point.  The values of t H and t c determined for 
the substances named  are given in Table 1. 

The amounts  of superheat ing and supercooling observed 
were small (less than 1 ° C.) except for the o r thorhombic -  

of this investigation 
Hysteresis 

( tu -  to) 
ta (o c.) to (o c.) (o c.) 

84.4 83.7 0"7 
125.6 125.3 0.3 
218.6 203.8 14.8 
299.6 294.0 5.6 

Table 2. Results of other investigators 
NH4NO, NH4NO3 

KC104 CsCIO 4 tet.-cubic orth.-tet. 
Investigator (o C.) (° C.) (° C.) (o C.) 

Buerger et al. (1943) 295.7 - -  126.2 85.4 
Early & Lowry (1919) - -  - - -  125.2 84.2 
Zawidsky (1904) - -  - -  125-0 85.4 
Herman & Ilge (1930) 299.5 219 - -  - -  
Vorlander & Kaascht (1923) : 

(Heating) 299.5 219-221 - -  
(Cooling) 293.0 197-204 - -  - -  

International Critical Tables (1927) 300_+ <5 219_+ >5  125-3_+0-2 83.9_+ <1 
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tetragonal  t ransi t ion of NH4NO a, where maxima  of about  
2 ° C. occurred. I t  was noted tha t  the t ransi t ion toward 
the high-energy form provides a more reliable temperature  
point  t han  does the t ransi t ion in the opposite direction. 
The t ransi t ion points of these crystals as determined by 
other investigators are listed in Table 2. 
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Calculations by  Evans  & de Heer  (1949) on the bond 
lengths in th iophthen,  assuming tha t  the ~-bond system 
is free from strain, lead to a length for the bond 4-8 which 
is greater t han  the experimental  value (Cox, Gfllot & 
Jeffrey, 1949) by  N 0.05 A. The experimental  X- ray  s tudy  
of thiophthen,  carried out by  Cox et al. (1949), shows, 
however, t h a t  the angles 1-8-7 and 3-4-5 are about  135 ° ; 
and this means that it cannot be correct to neglect strain 
in the ~ skeleton when calculating the equilibrium bond 
lengths. We shall here calculate the effect of this strain 
on the length of bond 4-8, assuming that the natural 
values of angles 1-8-7 and 3-4-5 are 120 ° . 

1 
S 

C 2 // \ // 

S 
5 

To a first approximation the bond 4-8 bisects external ly  
both  the angles 1-8-7 and 3-4-5, and the bond lengths 
4-8, 1-8, 8-7, 3-4 and 4-5 may  be assigned the common 
value l o. 

Consider the system of bonds at  a tom 8. Then if g 
denotes the mean force constant  for distortion of the 
angles at  this  atom, and ff q~ denotes the angle 1-8-7, the 
potent ial  energy due to angular s t ra in  at  a tom 8 is given 

by  V~tr~ = ½g{(¢ - *in)2.+ ( ~ n -  ½¢)2 + (½n-  ½¢)~} 

=Ig(¢ -~n)  ~. 
Denote by  2G the force in the central bond required to 

• keep the angle 1-8-7 at  its value q~. Then the work done 
by  this force when 1-8-7 increases by  3¢ is 

2G~(/0 cos ½¢) = - G1 o sin ½¢3¢. 

Therefore in equilibrium 

G1 o sin ½¢$¢ - S V . u ~ -  -~-g(¢ -- i n )  $¢, 

so t ha t  G -  3g(¢ - In) 
2l 0 sin ½¢" 

Now denote b y f  the force constant  of the bond 4-8. Then,  
if l is the equilibrium length of this bond, we have 

f ( l -  lo) = - 2G. 

Therefore, el iminating G, we obtain 

3g(¢ - in)  
(1-1o) = 

fl0 sin ½¢" 

A reasonable choice of values for f and g is 

g= 0.7 x 10 -11 dyne/radian,  f =  7-0 x 105 dynes/cm. ; 

and from the X- ray  s tudy  ¢ - ~ n ,  1 0 - 1 . 4 x l 0 - S c m .  
Therefore 

3 x 0.7 x 10 -11 x ~-~-Tr 
1 -- l 0 -  -- 7"0 x 105 x 1.4 × 10 -8 x sin ~ r - -  -- 0.06 x 10 -8 cm. 

We conclude t ha t  the effect of s train in the angles 
1-8-7 and 3-4-5 is to shorten the central bond 4-8 b y  
about  0.06 A. ; and this brings the calculated bond lengths 
into line with those determined experimental ly  by  
Cox et al. 

The author  is much indebted to Professor M. G. Evans  
and Dr Jeffrey for drawing his a t ten t ion  to the present  
problem. 
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Certain structures,  Cn, have been proposed as models for diffraction data,  the  t ransforms of such structures into 
the skeletons of nat ive protein molecules (Wrinch, 1937). reciprocal space S* must  be investigated. In  this note we 
Before this  hypothesis  can be tested against  X- ray  take a prel iminary step in this direction and demonstrate  


