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A simple pressure-temperature apparatus is described which can be used for 
thermal anaIysis investigations. The apparatus contains a recording mercury mano- 
meter, the output of which is directly proportional to the pressure change of the 
system. Use of the system is illustrated by the P-T curves of KHC03, cob&o 
ammine compIexes, CaC204.H20, and magnesium, nickel and cobalt@) carbonates. 

INTRODUClTON 

The gaseous products evolved by a chemical reaction of the type: solid, + 

solid2 +gas can be detected by numerous experimental techniques. In genera& thpz 
techniques can be divided into two main types: (a) variabIe pressure; and (b) constant 
pressure. The first type, which is widely used in the investigation of solid-state 
heterogeneous kinetics by the isothermal method, usually consists of the measurement 
of the system pressure as a function of time. b the second type, the pressure is 
maintained constant and the evoIved gases are detected by a thermal conductivity 
detector or other instrumental technique (mass spectrometry, infrared cell, gas 
chromatography, etc.). Since the concentration of the evolved gases is determined as 
a function of temperature, this mode is commonly used in thermal anaIysis investi- 
@iOIlS. 

No attempt wiII be made here to review the vast literature of previous investi- 
gations using the variable pressure mode of detection. IlIustrative studies in which the 

change in pressure is plotted as a function of system temperature in&de those by 
Charles et al. ’ - ‘, Wiedemann ‘-4 Wendlandt and Chou ‘s6, Vaughan’, and Findeis 
et aLs. Recording the change in pressure of the system simultaueousiy with thermo- 
gravimetry Ied Bancroft and Gess.erg to calI the technique tlrermobarogrmi 

analysik Maycock and Pai Verneker lo made extensive use of this technique to stzdy 

the dissociation of explosive materials. 
The purpose of this investigation is to describe a simpIe variabIe presstare 

system, equipped with a recording manometer, and to determine the effect of the 
system P- ters on the resuIting pressure versus temperature data for various 



compounds. Use of the apparatus is ihustrated by the determination of the P-T 

curves for several chemical systems. 

All of the compounds used were of C.P. quality. 

_4pparaius 

The pressure change of an encIosed system can be detected by many different 

types of detectors_ These include manual and recording liquid manometers’ i-r5, 

various mechanical and electronic pressure transducersg*‘2*’ ‘*16, and adsorption-TG 

methods*‘_ The system used here contains a recording mercury manometer, the 

design of which was first suegested by Svec and Gibbs”. It is a simple and Iow- 
maintenance technique suitabIe for pressure measurements from about 1 to 760 torr, 

a convenient pressure range for this type of investigation_ 

The apparatus is iilustrated schematically in Fi g. 1. The sample, contained in a 

nickel foil boat, is pIaced in a Vycor tube, 15 mm in diameter by 230 mm in iength. 

Fi!& I. Apparatus empIoycd for variable pressure studies. RI and R1 = 1200 R; R, = 50 S’i, 10 turu; 
R = IO Zz; V, = 14 V; V, is bridge output voItagc_ Voiume of B, SO to 500 ml. 

The sample tube is connected to a simpIe vacuum system by means of an O-ring joint 
(IJ1)_ A recording mercury manometer is co~ected to the system at the O-ring joint, 

J,, The manometer consists of a gIass tube, 10 mm in diameter by 1000 mm in 

length, which contains a length of 30 gauge Nichrome wire (total resistance of 22.9 fi) 

as the variabIe resistance element, This resistance element is connected into the 

Wheatstone bridge at contact points A and B. As the mercury column decreases or 

increases in length, the msistance of the wire changes accordingly, and causes an 
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unbalance voltage in the bridge. This unbalance voltage is recorded as a function of 

temperature on an X-Y recorder (Hewlett-Packard Model 135). A Chromel-AIumel 

thermocouple, contained in a two-holed ceramic insulator tube, is used to detect the 

sample chamber temperature. The thermojunction was enclosed by a nickei foil 

sheath. 
The furnace consisted of a Nichrome wire wound tube, 12.3 mm in diameter by 

200 mm in length, suitably insulated with asbestos cloth. A motor-driven variable 

voltage type programmer was used to control the furnace temperature heating-rate_ 

The range of pressure change in the system could be adjusted by a change in one 
or more of the following parameters: (a) sample size; (b) system volume via bulb B; 

(c) bridge voltage, V, ; or (d) recorder sensitivity. 

Procedure 
The procedure for a run consisted of the following: from 20-300 mg of the 

weighed sample was transfered into the sample chamber and the system evacuated 

using a mechanical vacuum pump. The furnace was placed into position and the 

bridge output voltage balanced by means of Rs. After 5-10 min of pumping, the 
system was closed off and the P-Tcurve recorded by activating the furnace program- 

mer_ Heating-rates employed usuaIIy ranged from 5 to 20cC/min, with a maximum 

furnace tempera?ure of about loo0 “C. Initial starting pressures ranged from e 1 torr 

to about 500 torr; however, the former was most frequentiy used. Pressure changes 

of from 2 to 100 torr/in. could be recorded although the most convenient range was 
4 torr/in. 

The derivative of the P-Tcurve could be recorded by passing the bridge output 

voltage into a Harrop computer and then into the Y-axis of another X-Y recorder. 

Both recorders plotted the same temperature signal from the furnace thermocouple. 

RESULXS AND DISCUSSION 

Eflect of sanqde and system paremeters 

The effect of sample size on the P-T curves of KHCO, is illustrated in Fig, 2_ 

Using the thermal dissociation of KHC03 as the reference compound, the pressure 

increase in the system is due to the reaction: 

2KHCOJs) --) &CO,(s) +H,O(g) +CO&) 

The larger the sample, the greater the pressure change observed in the system. There 
wtre slight changes in Tt (initial temperature) and Tf (iinal temperature) values and 

also the reaction interval (TrTi). Values for Tr (I45”C) did not change appreciabIe 

with sample size but T, vahes did increase slightly: 200°C (73 mg), 205°C (111 mg) 

and 210°C (149 mg). The initial pressure, Pi, was < 1 torr in all cases, at a heating-rate 
of 10=c/min. 

The efkcts of furnace heating-rate and initial system pressure on the R-T 

curves of KHCO, are shown in Fig. 3. As illustrated in (A), the changes in furnace 



Fig. 2. Effat of sample size on P-T curves of KHCOS. Ek&lg-me of loOc/min. 

Fig. 3. Effects of furnace heating-rate and intial system presser ConP-Tcurvcs of KHCO~_ 

heating-rate cause a change in the Tc values and also the reaction intewai. There was 

no apparent change in Ti (145°C); values for Tr increased with an increase in heating- 

rate according to: S”C/min (190°C); IO’C/min (2IO’C) and 20”C/min (220°C). 
There was a slight change in the Ti and Tf vaIues with initial system pressnre~ 

in the range from 1 to 100 torr. Changes in Tr ranged from 205°C (< I torr) to 220°C 
l(100 torr)_ The difkent total pressure changes observed were due to the slightly 
difkrent sample masses employed. 

Appliixtibn to coordhation wmpomd~ 
Wendlandt and C~OU~*~ have previously reported the nse of the P-T 
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technique  to detect  the  gaseous  react ion  p roduc t s  f o r m e d  dur ing  the  dissociatioil  o f  
[Cr(NHa)6]X3 a n d  [Cr (NHa)sX]X 2 complexes .  T h e  P - T  curves o f  [Co(NHa)6]X a 
(X = CI, Br) a nd  [Co(NHa)sCI]CI  2 are i l lustrated in Fig.  4. I t  has  been  previously 
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Fig .  4.  P - T  c u r v e s  of  cobalt0ID amrnine complexes. (A) [Co(NHa)6]C1; 03) [Co(NHa)6]Br3; and 
(C) [Co(NH3)sCI]CI2. Heating-rate of  10°C/rain. 

establ ished Is tha t  the  [Co(NHa)6]X a complexes  dissociate  thermal ly  accord ing  t o  the  

react ion:  

6[Co(NH3)6]X3(s) 6CoX,(s) +6NH X(g) +28NH3(g) 

This  s to ich iomet ry  has  been  conf i rmed  by chemical  analysis t9 and  m o r e  recent ly  by 
the  T G - E G A - M S  technique  2°. All three  o f  the  complexes  unde rgo  the  o x i d a t i o n -  
r educ t ion  react ion  beg inn ing  a t  a Ti o f  a b o u t  215°C.  Af te r  a very rap id  change  in 
pressure  due  to  n i t rogen  and  a m m o n i a  evolut ion ,  which  te rmina tes  a t  a T t o f  270-  
290 °C, there  is a region o f  g radua l  pressure  increase u p  to  abou t  400 °C. N o  decrease 
in pressure  was observed in the  system as was f o u n d  wi th  the  c h r o m i u m ( H I )  a m m i n e  
complexes  s '6 a t  h igher  tempera tures .  

Mi.ccellaneou~¢ applications 
T h e  P - T  a nd  derivat ive P - T  curves fo r  the  the rma l  dissocia t ion o f  C a C 2 0 ~ -  

H 2 0  are s h o w n  in Fig. 5. As  expected,  a three-s tep increase in pressure  is observed,  
d u e  to  the  f o r m a t i o n  o f  CAC204 ,  C a C O 3 ,  a n d  CaO,  respectively. 

T h e  P - T  curves o f  magnes ium,  nickel  a n d  coba l t  ca rbona tes  are  i l lustrated in 
Fig. 6. All three  o f  t he  ca rbona tes  indica ted  the  f o r m a t i o n  o f  in te rmedia te  c o m p o u n d s ,  
the  compos i t i on  o f  which  was  n o t  de te rmined .  T h e  first stage o f  dissociat ion is due  
to  the  evo lu t ion  o f  wat,.--r a n d  this is fo l lowed by the  c a r b o n  dioxide  release. T h e  meta l  
oxides were ob ta ined  at. t empera tu res  above  300-400°C.  
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Fig_ 5. P-T and derivative P-T curves of CaCIOI-H1O. Heating-rate of IO’C/min and sampIe size 
of 75.2 mg 
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Fig_ 6. P-T carves of magnesium, nickel and cobdt(II) carbo~tes. Htatiag-rate of IOTlmin. 
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