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~bstract 

The effects of the isotopes 14N-ISN and/or H-D on the structural CsCI~'NaCI type phase transition temperature of 
ammonium chloride using IaNHaC1, 15NH4C1, 14ND4CI, and 15ND4C1 have been studied by thermal analysis, TG-DTA 
and DSC. The TG-DTA curves revealed that these ammonium chlorides exhibit an endothermic peak in the range 183.8- 
197.3"C with a good reproducibility in spite of sublimation. The exact transition temperatures of these four ammonium 
chlorides during heating and cooling were measured by DSC. The endothermic peak temperature became 0.4'~C lower by 
substituting 14N with 15N in 14ND4CI, and 2.3 and 8.7°C lower by substituting H with D in laNH4CI and 15NH4C1, 
respectively, while the temperature became 6:'C higher by substituting 14N with ~SN in 14NHaCI. The exothermic peak 
temperature was reduced by 15.7 and 14.4°C by substituting IaN with 15N and H with D in 14NH4CI, respectively. :~ 1997 
Elsevier Science B.V. 
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1. Introduct ion 

The effects of  H-D  isotopes in KDP(KH2PO4) type 
crystals are well known in solid-state physics [ 1] and 
the isotope effects of  other elements in these crystals 
have been also studied. Hidaka measured the struc- 
tural phase transition temperature for nine dielectric 
crystals enriched with the stable isotopes of seven 
constituent elements by using differential scanning 
calorimetry (DSC) and reported that all the crystals 
exhibited higher transition temperatures when lighter 
isotopes were substituted [2-4]. 
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The H-D  isotope effects of the A-transition at 
- 3 0 . 5 " C  are also known for ammonium chloride 
which exhibits two phase transitions at - 30.5 and 
184.3~'C [5]. However, there have been no reports on 
the isotope effects of other heavier elements such as 
nitrogen and chlorine on the CsCI,~-NaC1 type phase 
transition at 184.3°C. 

This paper describes the effects of the isotopes 
14N-15N and H-D  on the structural phase transition 
of ammonium chloride by undertaking measurements 
with such thermal analysis techniques as thermogra- 
vimetric and differential thermal analysis (TG-DTA) 
and DSC and by a comparison with that for ammo- 
nium chloride which has a natural abundance of 
nitrogen and hydrogen. 



154 K. Shikano et al. / Thermochimica Acta 306 (1997) 153-157 

2. Experimental procedure 

2.1. Samples  

Ammonium chloride with a natural abundance of 
nitrogen and hydrogen (IaNH4C1) was supplied by 
Wako Pure Chemical Industries. tSN- and/or D- 
enriched ammonium chlorides of ~SNH4CI with 
99.8at% ~5N, JSND4C1 with 99at% ~5N and 
99.2at% D, and 14ND4C1 with 99.4at% D were 
supplied by ISOTEC Inc. (lot Nos. SY4037 and 
SY4839, lot No. VX4134, and lot No. VX4133). 
All ammonium chloride samples were ground using 
an agate mortar and sieved under 177gm. These 
samples were confirmed to have the same structure 
by X-ray diffraction. 

2.2. Thermal  analysis 

Thermal analysis was undertaken with Mac Science 
models TG-DTA 2000 and DSC 3100. The tempera- 
ture was corrected by measuring the melting point 
(Tm = 156.6°C) of indium metal and the onset tem- 
perature was in good agreement (within 0.5°C) with 
the reported Tm value. 

In the TG-DTA measurement, each of about 20 mg 
of the test and reference (ex. A1203) samples was 
mounted in a sample pan and heated from room 
temperature (R.T.) to about 300°C at a rate of 
l°Cmin t under an argon gas flow of 100ml 
mln 

In the DSC measurement, a test sample about 13 mg 
in weight was mounted in a sealed-type sample pan 
and heated from R.T. to about 200°C at 1 °C min 1. 
c~-A1203 was used as a reference sample in all the 
experiments. 

3. Results and discussion 

Fig. 1 shows simultaneous TG-DTA curves 
obtained by heating 14NH4C1, 15NH4C1, 14ND4C1 
and 15ND4C1 between R.T. and 300°C. These chlor- 
ides exhibited a weight loss due to sublimation at 
temperatures higher than 170°C and an endothermic 
peak at 189, 197, 184 and 183°C, respectively, due to 
the structural CsCI~-NaCI type phase transition at 
which their weight loss was estimated to be a few 

percent as a result of sublimation. The peak tempera- 
ture of 15NH4C1 is about 8°C higher than that of 
14NH4C1 and about 14°C higher than that of 15ND4C1 
while the peak temperature of 14NH4CI is about 5'~'C 
higher than that of 14ND4CI. However, the difference 
between the peak temperatures of 14ND4C1 and 
ZSND4C1 was negligible. The average peak tempera- 
tures obtained for four measurements were 
189.3 + 1.0°C (n =4) ,  197.3 + 1.0°C (n =4) ,  
183.8±1.0°C ( n = 4 )  and 183.8+0.5°C ( n = 4 )  
for 14NH4C1, JSNH4CI, 14NDaC1 and 15ND4C1, respec- 
tively. This shows that the measured peak tempera- 
tures have a good reproducibility despite the 
occurrence of slight sublimation. 

It is important to follow thermal change due to the 
structural CsCI~-NaC1 type phase transition during 
heating and cooling between R.T. and 200°C at which 
sublimation was suppressed to less than a few percent 
in order to understand the isotope effect. Fig. 2 shows 
the DSC curves obtained in three repeated heating/ 
cooling cycles with these ammonium chlorides 
between R.T. and about 200°C. As shown in the figure, 
there was a hysteresis in all the DSC curves because 
the endothermic peak temperature was higher than the 
exothermic one. 14NH4C1 exhibits the endothermic 
and exothermic peaks at about 187 and 175°C with 
heating and cooling, respectively. The average 
endothermic and exothermic peak temperatures in 
the three cycles were 187.0 + 0.0 and 
174.7 4- 0.6°C, respectively (Fig. 2a). For 15NH4CI, 
the average endothermic and exothermic peak tem- 
peratures were 193.0 + 0.0 and 159.0 + 1.0°C, being 
6°C higher and 15.7°C lower, respectively, than those 
of I~NH4C1 (Fig. 2b). The peak shapes in all the runs 
were a little broader than those of 14NH4CI. With 
J4ND4C1, the average endothermic and exothermic 
peak temperatures were 184.7 :t: 0.6 and 
160.3 i I.I°C. These are 2.3 and 14.4°C lower than 
those of ¿4NH4C1, respectively. The shapes of the 
exothermic peaks during cooling became broader than 
that of 14NH4C1. With 15ND4C1, the average endother- 
mic and exothermic peak temperatures were 
184.3 4-1.2 and 159.04-1.0°C, the former being 
8.7°C lower than that of 15NH4C1 and the latter having 
the same value. The shape of the exothermic peak was 
as broad as that of 14ND4C1. These peak temperatures 
obtained by DSC were 2-3°C lower than those 
obtained by TG-DTA. 
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Fig. I. Simultaneous TG DTA curves obtained by heating a powder sample between room temperature and 200 C. Curve (a) t4NH4CI, (b) 
I~NHaC1, (c) [4ND4CI. (d) tSND4CI. 

Table 1 summarizes the structural phase transition 
temperature (Tendo, T~xo) of t4NH4C1, JSNH4CI, 
14ND4CI and )SND4C1 during heating and cooling 
and the temperature shift caused by substituting the 
]4N and H with ]SN and D, respectively. The endother- 
rnic peak temperature became 6°C higher and 2.3°C 
lower by substituting 14N with 15N and H with D, 
respectively, in 14NH4C1. The peak temperature also 
became 0.4°C lower by substituting 14N with ~SN in 
]4ND4C1, and 8 .7C  lower by substituting H with D in 
I ~NH4C1. In addition, all the temperature shifts were in 
the minus direction except for 15NH4C1 compared 
with 14NH4C1 where the shift was +6°C. 

On the other hand, during cooling, the exothermic 
peak temperature was reduced by 15.7 and 14.4°C by 
substituting 14N with ]SN and H with D in laNH4CI, 

respectively. The peak temperature shift, however, 
was negligible when t4N was substituted with 15N 
in 14ND4C1 and there was no shift when H was 
replaced by D in ~SNHaCI. All temperatures were 
shifted in the minus direction except for 15ND4CI 
compared with 14ND4Cl where the peak temperature 
remained unchanged. 

It was also found that the exothermic peak tem- 
peratures of JSNH4C1, t4ND4C1 and 15ND4C1 were the 
same within an acceptable margin of error while these 
endothermic peak temperatures were different. There- 
fore, it is believed that the width in a structural phase 
transition was changed by the substitution of 14N-]SN 
and/or H-D. Table 1 also shows AT (= Tendo -- Texo). 
It seems that AT indicates the width of the hysteresis. 
As shown in the table, the hysteresis can be expanded 
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Fig. 2. DSC curves obtained in three repeated heating/cooling cycles of powder samples between room temperature and 200':C. I, 2 and 3 
indicate the run No. and the curves are obtained from (a) 14NH4CI, (b) tSNHnCI, (c) 14NDaCI and (d) 15ND4C1. 

from 12.3 to 34.0°C by substituting 14N with 15N in 
14NH4C1 and also expanded from 12.3 to 24.4°C by 
substituting H with D in 14NHaC1. The hysteresis, 
however, is narrowed from 34.0 to 25.3°C by sub- 
stituting H with D in ]SNH4C1 and the substitution of 
14N-]SN in I4ND4C1 causes negligible change in the 
hysteresis width. 

Therefore, it is concluded that the isotopes ]4N-15N 
and/or H-D have an effect on the structural 
CsCI~-NaC1 type phase transition temperature of 
ammonium chloride. That is, ammonium chloride 
exhibits a higher transition temperature during heating 
and cooling when lighter isotopes are substituted 

except for the endothermic peak temperature caused 
by the substitution of 14N-15N in 14NH4C1 and this 
tendency is in good agreement with the results 
reported in Ref. [4]. The isotope effect also tends to 
expand the hysteresis except when H is substituted 
with D in ]SNH4CI. 

It is well known that in ammonium chloride, a ~- 
transition occurs at - 30.5°C caused by an intramo- 
lecular re-orientation and that there is a structural 
CsCI,~-NaC! type phase transition at 184.3°C caused 
by lattice elongation. The isotope effect of  14N-lSN 
and/or H-D in the higher temperature transition was 
demonstrated in the present experiment, whereas it 
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Fable 1 
Structural phase transition temperature during heating and cooling of 14NH4C1, 15NH4CI, 14ND4C1 and 15ND4C1 and temperature shift caused 
by isotope effect 

Sample Te,do a ('C) Shift ( 'C) Texo b ( C )  Shift ( 'C) AT ~" ( C )  Shift ( C )  

(t4N/15N) (H/D) (14N/tSN) (H/D) (14N/ISN) (H/D) 

~NH4C1 187.0 - -  - -  174.7 - -  12.3 - -  
~NH4CI 193.0 +6.0 d - -  159.0 -15.7  0 34.0 +21.7 d - -  
~ND4C1 184.7 - -  -2 .3  e 160.3 - -  -14 .4  ~ 24.4 - -  +12.1 ~ 
'iN D4C1 184.3 -0 .4  d -8 .7  e 159.0 - I . 3  d 0.0 ~ 25.3 +0.9 d -8 .7  e 

Endothermic peak temperature of ammonium chloride during heating. 
' E~othermic peak temperature of ammonium chloride during cooling. 

F, ~d,, - T~xo. 
I Show temperature shifts caused by substituting 14N with I'SN in 14NH4C1 and 14ND4CI. 

Show temperature shifts caused by substituting H with D in 14NH4CI and ISNH4CI. 

w a s  r e p o r t e d  t ha t  t he  A - t r a n s i t i o n  t e m p e r a t u r e  

b e c o m e s  7 . 1 ° C  h i g h e r  b y  s u b s t i t u t i n g  H w i t h  D in 

I~NH4C1 [5]. 
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