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AB!XR4CT 

The design and operation of a simple direct-reaction calorimeter, suitable for 

the study of highly exothermic reactions, is described. New experimental data for the 

heats of formation of ScSb, YSb, LaSb and LuSb are reported. Published lattice 

parameters of the IIIA-VB NaCl structures arc used to calculate the effective homo- 

polar and heteropolar energy gaps (Et, and C,,) and fractional ionic character (fi) of 

these phases and the stabilities of the phases are discussed in relation to these. An 

empirical relation is established between the observed heats of atomisation and 
Phillips’ concept of ionicity of bonding and this is used to estimate values of the 

heats of formation of the phosphides and bismuthides of the TIIA metals and also 

that of LuN. 

The factors affecting the choice of fourfold or sixfold coordination in the 

crystal structures of A’BS-” phases have been examined by various authorsr*2. 

Quantitative discussion of the relative stability is, however, inhibited by the lack of 

appropriate thermodynamic data for many of the systems concerned. Thus, for 
example, while the classic IIIB-VB adamantine semi-conductor compounds have 

been the subject of numerous thermodynamic investigations3, comparatively little 
attention has been paid to the thermodynamics of formation of the large family of 

NaCI phases formed by the Group 1liA metals (including the Rare Earths) when 

combined with Group VB elements. Studies of these are of interest in relation to the 

fundamental problem of phase stability and also because they may include some of 
potential value as semi-conductor materialsa_ Thermodynamic data are available for 
a few of the nitrides5 and a comprehensive study of the heats of formation of the 

arsenides has been reported by Faktor and Hank@. Similar studies of the heavy 

rare-earth antimonides have been made by the present authors’, using the direct- 

reaction calorimeter described here. The variation of behaviour across the rare earth 

*Now at Department of Civil Engineering, University ColIegc, London, England_ 
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series is complex and will be discussed in a separate publication; the present paper is 
concerned with the compounds of those Group IIlA metals which do not involve any 
incompIete sub-vaIency IeveIs, i.e. SC, Y, La and Lu. New experimental data are 
reported for the heats of formation of the sntimonides of these and an empirical 
anaIysis of the probable variation of bond character is used to predict the cor- 
responding quantities for the phosphides and bismuthides. 

-4 czlorimeter similar to some previous designs’, but with a modified mode of 
operation, has been evoived. In its present form it is a single cell unit designed for the 

study of vigorous exothermic reactions. The instrument is shown diagramatically in 
Fig_ I_ It is enclosed witbin a eyIind.ricaI vacuum chamber (A) Provided with an 

enveIoping water jacket. The chamber is evacuated, tbrougb the tube (B) at the 
centre of the base plate, by means of a 2-5 cm oil-di%sion pump and two-stage 
backing pump; the vacuum is monitored by means of Penning gauge. The vacuum 

Fig. 1. schematic diagram of the direct-reaction calorimeter. 
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chamber is mounted directly on top of the bafile valve and diffusion pump. Glass- 
metal seals (C and D) are fitted in the base plate of the vacuum chamber to provide 
iead-throua for thermocouples and heater element connections. Within the vacuum 

enclosure stands a steel platform (E), with cylindrical body and cover; this supports 
the calorimeter proper and provides them& shielding. 

At the heart of the caforimeter is the cylindrical tantalum reaction cell (C). It is 

tightly closed with a screwed top which contains a centraI -well to accommodate the 
calibration heater (Q); the heater consists of 5 mm Iong coil of fine tantalum wire and 

has a resistance of approximately 6 ohms_ The base of the reaction cell is provided 

with a re-entrant thermocouple well so that the specimen thermocouple (I,) is at the 

centre of the reaction region; the ceII is totahy encIosed by the inner radiation shieIds, 

formed from 0.05 mm thick tantalum sheets, dimpIed to minimize contact. These are 

in turn enclosed in a heavier concentric heat shieId (K) which consists of a circular 
tantalum base and top and cylindrical body (2.6 cm diameter, 4 cm high and 2 mm 

wail thickness). This body of higher thermai mass provides the isothermal enclosure 

of the caiorimeter and the monitor thermocouple (I,) is located in a hole driiled in the 

outer wall of the cylindricai body. The isothermai heat shieid is entirely surrounded 

by the furnace enclosure (F), which comprises one (inner) tantalum and four (outer) 
molybdenum radiation shields, again constructed from dimpIed 0.05 mm thick sheet. 

The heating element consists of exposed 0.2 mm diameter tantalum wire attached, by 

means of small alumina supports CG), to the inside of the innermost shieIds cf the 
furnace enclosure and distributed over the side walls, base and top. The five main 
parts of the calorimeter proper, when assembIed, are separated by thick-walled 
alumina tubes (L, N & P) and the thin-walled molybdenum cylinder (J) perforated 
further to reduce conduction. 

The furnace temperature is controlled by means of a saturabIe-core reactor 
activated by a 6.5 ohm platinum resistance thermometer (II). Because of the low 

resistance of the furnace eIement (23 ohm) the input voltage to the saturable reactor 

is stepped down by means of an autotransformer to provide adequate sensitivity of 

control. The furnace temperr&ue can be controIIed within &O.S’ and from 150- 
165O’C; the controiler may be by-passed for rapid heating. In present operations, 

which are confined to temperatuie below IOOOT, the temperatures of the reaction 

cell, of the isothermal heat shield, and of the furnace are measured by means of three 

calibrated chrome&aIume1 thermocoupIes (I,, I, and I,) respectively; these are used 

in conjunction with a Tinsley vernier potentiometer or Rikadenki inte_mting re- 

corder. The cabbration heater is supplied from a stabilized d-c. supply and the power 

input measured using a standard resistance bridge circuit and the vernier potentiom- 

eter. 

OPERATIKG PRIKCIPLES 

Although a singIe cell dorimeter, the mode of operation is essentially similar 

to that of differential thermal analysis. Programmed temperature control is not, 
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however, involved; the technique relies on the observation that exactly reproducible 
heating rate profiles can be obtained in the reaction cell simply by the choice of control 
temperature of the furnace and isothermal jacket. This behaviour is a consequence of 

the fact that the comparatively low thermal mass furnace and isothermal jacket 
achieve equilibrium control temperature (T,) very rapidly, whereafter the reaction 

cell heats at a late px oportional to the difference between cell and furnace temperature; 

the cell eventually attaining a characteristic equilibrium temperature (T,,) slightly 

below Tr. The technique is based on the observation of the cell temperature changes 

during runs with and without reaction, but under otherwise identical conditions. 

Since heat transier to and from the reaction cell may involve both conduction 
and xadiation, the heating of the cell, when no reaction is taking place (reference run), 

may be described by the general equation 

where FV is the heat capacity of the reaction cell plus contents, T, T, and rj are 
respectively the reaction cell, isothermal jacket and outer coolin_g jacket temperature, 

K, and K, the coeflicients for conduction and radiation between reaction cell and 
furnace, 1;‘3 the coeficient for heat loss by conduction down radiation shield supports, 

thermocouples and calibration heater Ieads and t is time. 

When a reaction is taking place (reaction run), the above equation becomes 

W 
d(T+AT-) 

dt = 
- z + K, [T,-(TtAT)]iKt[T~-(TtAT)4] 

(2) 

where Q is the enthalpy of reaction of the sample and ATis the change in temperature 
of reaction cell and contents relative to the corresponding reference run temperature T’_ 

Provided that AT4 T, so that terms invoIving powers of AT greater than one 

may be nedected, combination of eqns. (I) and (2) leads to the relation 

Calibration experiments and the analysis of reference run heating characteristics 

demonstrate that, provided experimental conditions are suitably chosen, the ex- 

pression (K, + K3 +4K, T3) may reasonably be treated as constant over the period of 

the reaction, so that eqn. (3) may bc written as 

lVdAT dQ -=----AT 
dt dt 

which by inte,gation over the period of the compiete reaction gives 

*I 

-0 = WATfK J ATdt _ 
0 

(2 
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The value of K/W for an individual run can be evaluated from the post-reaction 
behaviour; in this period dQ/dt = 0 so that eqn. (4) becomes 

w dAT 
-= -KAT 

dt 
(6) 

which by rearranging and integration yields 

In AT = - E t+constant . (7) 

The value of K/W is thus obtained from a plot of Iog AT against t for the post- 
reaction period; the onset of linearity indicates the termination of reaction and 
provides an internal check on the validity of the approximations involved in the above 
treatment_ Typical reaction and reference runs and the corresponding AT and Iog 
plots are shown in Fig. 2. 

w 35 40 
TIME @n*nutesl 

Fig- 2. Experimental runs: YSb sample_ 



414 

The heat capacity (FV) of the reaction celI and its contents is determined by the 

following calibration procedure. With the furnace controIIed at a chosen temperature 

(T,), the ceil will settle to a unique equilibrium temperature (T’,). Since in this state 

dT!dt = 0, one may write, from the general heat transfer equation in the absence of 

reaction (eqn_ (I)) 

0=K,(T,-TT,)iK,(T;5-~)-KJ(T~--) (8) 

If a smaI1 heat effect, (dQjdf),, is introduced into the reaction c&I by means of the 

calibration heater, the ccl1 temperature _mdualiy rises to a new equilibrium tempcra- 
ture T,-!-4T,. but eventually reverts to T,, when the power is switched of?T_ During 

rhe calibration hearing the behaviour of the reaction c&I may be described by the 

equation 

i- K, [T,-(T,,+AT)1+K,C~-(Teq+A134J 

- K3 C(Teq f AT) - Tj] (9) 

where AT= T- T,,. Combining eqns. (8) and (9) and again ignoring terms invoIving 

powers of AT higher than the first then yieIds 

Lj,, CIA?- d0 -=- A --AT 

dt 0 dt 5 
(10) 

where here K= (K, tK3+3K2 T&). When the new equilibrium temperature is 

reached AT= AT,, and dAT/dr = 0 so that the above equation becomes 

whiIe, for the post-calibration cooling when (dQ/dt), = 0, inte_mating eqn. (10) again 

yie!ds 

InAT= - $ t-l-constant. (12) 
s 

From the observed temperature changes following a series of different power inputs 

to the calibration heater, plots of eqns. (1 I) and (12) permit the evaIuation of K and 

K/FV and hence of W_ 

EXPERIMEXiAL PROCEDURE 

Sampks were prepared from antimony (99.99% purity) and scandium, yttrium 

and Iutetium (>99.8% purity) supplied by Johnson-Matthey and Co. Ltd. Antimony 

was crushed to a fine powder and IiIings of the other eIements prepared under carbon 

tetrachIoride. The components were weighed separately and thoroughiy mixed 
together with antimony very slightly in excess of the equiatomic ratio- The mixture 
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was then transferred to the reaction cell; amounts of sample corresponding to about 

0.0014002 moles of compound were usually employed. The cell was immediately 

closed tightly, the apparatus set up as rapidly as possibIe and immediately evacuated 

to a vacuum better than lo-’ torr. Pumping was normally continued overnight to 

ensure adequate dewing before beginning heating. 

With each compound a preIiminary investigation was made to establish the 

temperature at which reaction between the components initiated_ In subsequent runs 
the furnace was the_? controlled to produce an equilibrium maximum temperature 

approximately 50” above the initial reaction temperature; this has been found to 

produce optimum experimental conditions for the present technique_ For a reaction 
run, after loading with a fresh mixture of the components and evacuating, the 

controller is set at the chosen temperature, the main heater switched on and the 

heating of the reaction cell is monitored until its temperature is approximately 150” 

below the control temperature. Detailed recordin, 0 of its temperature is then com- 

menced and continued through the reaction and post-reaction periods until the final 

maximum equilibrium temperature (T,,) is reached. The calorimeter is then switched 
off and allowed to cool to the original ambient temperature, when the heating pro- 

cedure is repeated under identical temperature control conditions; the heating of the 

cell then recorded in the absence of reaction constitutes the reference run. For 

calibration purposes the furnace temperature is set at temperatures beIow that used 

in the reference and reaction runs so that the reaction cell settles at points within the 

reaction range. Once stable, various inputs are supplied to the auxiliary heater and the 

caIibration measurements performed_ On completion of the experiments, samples are 

removed from the reaction ccl! and the nature of the reaction product checked by 
Debye-Scherrer analysis. 

EXPERBfEhTAL RESULTS 

Calibration measurements were made at a series of temperatures within the 

range over which the reactions to form ScSb and YSb were observed to take place. 

The dependence of the temperature increment, AT’,, on the power input to the 

calibration heater observed in these experiments is shown by Fig. 3; data obtained at 
different equilibrium temperatures (T,,) between 787 and 820 K are included in this 
diagram. The linearity of this plot, or alternatively the constancy of K (calculated 
from the individual points) and of K/W (from the post-calibration cooling), dc- 
monstrate that the treatment of (K, + K3 +4K, T3) as a constant is justified. The 
value of K obtained by least square analysis of the data of Fig. 3 was found to be 
0.675 J s-l mV_’ or 0.161 cal s-l mV_‘, with a standard deviation of 1%. Com- 

bining this with K/W values obtained from plots of eqn. (12) for post-calibration 

cooling established the heat capacity of the reaction ceil and contents to be 73 cal 
mV- ’ or29calK-‘, again with an estimated uncertainty of &- 1%. The value of W 
is detexmined almost entirely by the mass of the tantalum reaction cell, which is large 
(3OA45 g) compared with that of the samples, and so has been found to be vinualiy 
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invariant from run to run. Slight random variations of the heat transfer coefficient, K, 

have been found to rest& from minor differences in the calorimeter assembly between 

different investigations. To eliminate this possible source of error, without the need 

for detailed r-e-calibration each time, values of K/W and hence K are obtained from 

post-reaction behaviour in individual runs and these are employed in evaluating the 

beats of reaction (Q) using eqn_ (5). 

Fi_e. 3. Calibration data. 

The treatment of data and typical detailed results may be illustrated by values 

obtained for the compound YSb. For an individual experiment the heat effect is 

obtained by the evaluation of eqn. (5) at any time after the completion of reaction; 

the heat transfer correction being ob’kned from the graphical evaluation of ye ATdt 

from a plot of ATvs. r such as shown in the lower part of Fig. 2. Since, if reaction has 
ceased and K correctly evaluated, the post-reaction decay of AT should be exactly 

compensated by the integrated heat transfer, eqn. (5) is normaily evaluated at several 

intervals in the post-reaction period to confirm internal consistency. h typical series 

of caiculations for a singIe run on YSb are shown in Table I and these demonstrate 

clearly the satisfactory constancy of the heat values so obtained. The 1esu1t.s of a series 

of investigations of this compound are summarized in Table 2, together with those for 
LuSb and ScSb; the indicated uncertainty represents the calculated standard deviation 

(141) plus a I% estimated calibration error. Also included in these tables are the 

temperature (T,) at which reactions were observed to be initiated, together with the 

corresponding rates of heating (dT/dt), at the time of reaction initiation. 
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TABLE 1 

SPECIMEN EVALUATION 

Sample: YSb 

M = 1486 X 10m6 mol 

K/W =0.0647 mine1 

Tf =858K; Tq =831K; T, =76QK 

f 

I 

AT& 
K 

-I 

I AT& 
-Q 

.o W,O rv 

(m V min) (mv) 
(JJJ i’) 

20 9.624 0.623 

21 10.111 0.654 

22 10.569 0.684 
23 10-997 0.712 

24 11.396 0.737 

25 I I.766 0.761 

26 12.111 0.784 
27 12.436 0.805 

28 12.744 0.825 

29 13.034 0.843 

30 13-307 0.861 

0.502 1.125 

o-47 1 I.125 

0.442 1.126 

0.414 1.125 
0.388 1.125 

0.064 1.125 

0.341 1.125 

0.319 1.124 

0.300 I.125 

0.28 1 i-124 

o-226 1 1.125 

Average 1.125 

w =73 cai mV- ’ =307 J mV_’ 

Q =-SsZ.lcal=346J 

AH = - 55.3 kcal mol- ’ = -233 kJ mol-’ 

In general, X-ray examination showed the reactions to have gone to completion 
and the product to have the NaCl structure; there were no indications of any side- 
reaction with the tantalum crucible. Satisfactorily reproducible results did prove more 
difficult to achieve in the experiments on ScSb. Evidence of incompleteness of reaction 
was encountered in a number of runs, necessitating the rejection of data from these. 
The results obtained in three satisfactory experiments with this compound are 
included in Table 2. 

DISCUSsION 

Comparatively few other measurements have been made of heats of formation 
of the family of NaCI phases occurring in the IIIA-\I3 alloy systems. However, in 
Table 3 the present data may be compared with those for the corresponding arsenides, 
studied by Faktor and Hanks6, and with earlier data’ for the nitrides of scandium, 
yttrium and lanthanum. An experimental value for L.aSb is also included; this was 
obtained in vapour pressure studies in the authors’ !aboratoryq. 
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TABLE 2 

HEATS OF FORMATION OF S&b. YSb AND LuSb 
1 cal=4.I%4 J. 

dT - 0 dt 
M AN Hi 

(&g A-‘) 
(mO0 (kcol mol- ‘) (kml mol- ‘) 

Scandium antimonitie 

889 861 764 
896 873 734 
889 861 762 

881 853 783 

857 840 784 

852 827 561 
858 831 760 
8-G 820 748 

Lure&m antimoM& 

945 918 834 
888 861 735 
882 847 685 

9 0.002206 -31.7 
15 0.001984 -33.3 
II 0.002045 -29.1 

UZTss= -31.4*20 kcal mol-’ 

10 0.001818 52.4 

8 0.001441 54.5 
75 0_002158 51-6 
9 0_001486 55.3 

9 0.001 IO6 51.3 

A&a, = -53.0&2.1 kcal mol-’ 

15 0.001613 45.5 
I7 0.002056 40.6 
11 0.001567 47.9 

A.?&, = - 44-7 & 3-5 kcal mol-’ 

0.3 
1.9 
2.3 

0.6 

1.5 
1.4 
2-3 

1.7 

0.8 
4.1 
3.2 

While the formation of the antimonides is again stroqly exothermic, it will be 
noted that their heats of formation are consistently smaher than those of the cor- 
responding nitrides and arsenides. A more reveaIing comparison of the phases is to be 
expected, however, from an examination of their heats of atomisation, since reference 
to the monatomic vapours of the component elements provides a more uniform set 

of standard states_ These quantities have, therefore, been calculated from the observed 
heats of formation using Hultgren’s assessments of the heats of vapourisation of the 
eIements3_ The resuhing values are given in TabIe 3 and it is interesting to consider 
these in reIation to factors influencing the choice of phase structure. The relative 
stabilities of fourfold and sixfold co-ordinated structures in systems of this type have 
been discussed by Mooser and Pearson’, using Pauling electronegativity differences 
(Ax) and the average principal quantum numbers (n) as the phenomenological 
parameters, and by Phillips2 in terms of the degree of ionicity of the bonding (j-a; the 
Iatter is defined by fi = C&/(e+ C,,B)z, where E,, and C,,, are, respectively, the 

spectroscopicaUy defkd covalent and ionic ener_ey gaps of the phase. Values of E,, and 
CkB are normally obtained from experimental values of the dielectric constam.G”, 
but, since such experimental data are not availabIe for the present compounds, the 
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TABLE 3 

LA-I-I-ICE PARAMETERS, IONICJXY PARAMETERS AND HEATS OF 
ATOMISATION AND FORMATION OF IIfA-VB NaCl STRUCIWRES 

1 cal=4.184 J; I atomicunit=5.29167~10-*‘m; leV=1.6x10-‘gJ. 

Compound AH formation AH alomisalion Lattice paramefer A 
(kcal mol- ‘) (kcal mol- ‘) (atomic uds) 

SCN 71.2 274.5 8.409 8.7 5.5 -71 
YN 71.5 286.0 9.218 7.8 4-4 -76 
LaN 72.0 288.0 lO_ow 6.4 3.6 -76 
LUN 722* 287.4’ 9.006 8.2 4.6 -76 

SCP 54.8’ 224.y 10.036 
YP 73.7= 255.0= 10.699 
LaP 722. 255.0= 11.385 
LUP 73’ 255.w 10.450 

3.5 3.5 
3.8 3.0 
3.3 2.6 
4.1 3.2 

3.0 3.3 
3.4 29 
3.0 2.5 
3.6 3.0 

I.9 2.8 
23 25 
21 2.2 
2.5 2.6 

I.7 27 
2.2 2.4 
1.9 21 
23 25 

-49 
-62 
-62 
-62 

SCAS 
YAS 

Lti 

65.2 227.8 10359 
77.4 251.2 10.993 
73-O 248.3 I 1.597 
75.2 249.7 10.733 

-45 
-58 
.59 
-59 

!kSb 31.4 185.0 11.071 
YSb 53.0 217.7 11.650 
LaSb 52.0 218.2 12260 
LuSb 44.7 210.1 11.443 

-32 
-46 
-48 
.48 

SCBi 35.9 176.3= 11251 
YBi 66.38 2179 1 I.778 
LaBi 625’ 2X5.6= 12-430 
LuBi 65.6= 217-P 11.640 

-24 
.46 
-45 
-46 

l Computed vahes. 

parameters, Eh and CAs, have been derived using analytical relationships established 
by Phillips” and by Van Vechten’s” studies of adamantine and rock-salt structures. 
Titus the average heteropolar energy gap, CAB. may be computed from the formula 

C AB = b [(ZJrJ -(ZrJrJJ e-K=(rr*re)‘2 

where 2, and Z, are the vaIencies and r,, and rB the effective covalent radii of A and 
B, respectively; K, is the Thomas-Fermi screening wave number and is defined by 
KS = 4 K&a0 , where Kc is the Fermi momentum of a free electron gas of density equal 
to that of the valence electrons and a0 is the Bohr radius. The covalent radii are 
themselves defined by relations of the form 

rA = rN taAda;rB) 

where rr is the single bond covalent radius of the Group IV element belonging to the 
same row of the Periodic Table, a,,,B is the observed lattice constant of the compound 
and ain the lattice constant which would be predicted from the covalent radii of the 
corresponding Group IV elements. b is a dimensionless parameter which is empiri- 
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caIly related to the deviation of the actual lattice constant (a,& from the predicted 

“normal covalent value” (~;a) lo. Values of the homopolar ener_ey gap (Eh) may be 

estimated on the basis of the assumption that this is a function of the nearest neighbour 

distance only. Examination of the data for NaCI structures, presented by Van 

Vechten’O, suggest the e_xistence of the empirical relation 

where a,, is the Iattice constant of the compound, expressed in atomic units. 
Lattice param eters are available for al1 the IIIA-VB NaCI structures* 1 and 

these are assembIed in Table 3. They have been used, together with the equations 

outlined above, to obtain the values of C,, and Eh for these compounds and these are 
aIso shown in this tabIe. FinaIIy, the ionicity values, fi, indicating the fraction of 

ionic character expected in the bonding have been calculated and are also tabulated_ 

Surprisin&-_ in view of their sizable exothermic heats of formation, stable NaCI 
structures are not, at first si& favoured in most of the present systems by either the 

Mooser and Pearson or Phillips criteria_ The average principal quantum numbers and 

the Pauling electronegativity differences suggest that conditions are favourable only 

for the nitrides, for the Ianthanum compounds and for Y Bi and LuBi; LuSb, LuAs 

and LuP are in a borderline state, while the remaining scandium and yttrium com- 

pounds have unfavourable values of the Mooser and Pearson parameters. Similarly, 

the fractional ionicity values, given in Table 3, imply that only the nitrides approach 

the Phillips’ criterion, ($,(AB) 2 O-785), for the NaCI structure, while, of the 
remainder, the compounds involving scandium or antimony appear likely to be the 
least stable- The persistence of the NaCI structures into the reSions where the above 

criteria wouid otherwise sugest more directionally bonded structures is probably 

attributabIe to the Iack of p character in the bonding orbitals of the ITIA elements; 

this would inhibit the formation of hybrids suitable for tetrahedral bonding. Similar 
efEcts have been noted’ with the later transitional metals, where NiAs structures 

occur in the adamantine regions of the Mooser-Pearson piot, a_gin because their 

bonding hybrids favour octahedral rather than tetrahedral co-ordination. That the 

NaCl structure, rather than the NiAs type, is adopted under similar circumstances in 

the present systems is undoubtedly due to the involvement of Iarger electronesativity 

differences and, hence, &greater polarities; by adoptinS the NaCl structure a better 
separation of like ions is achieved. 

Despite this deviation from the simplest criteria, it is noted that the observed 
heats of atomisation are SeneraIIy consistent with the relative stabilities of the phases 

suggested by their positions in (Ii vs. Ax) or (C,,, vs. &) plots_ Thus, since Phillips and 

Van Vcchten ’ ’ have been able to predict heats of formation of tetrahedrally co- 
ordinated compounds using spectroscopically defined iocicities, an inter-relation of 
phase stability and bond character may be expected for the NaCl phases. The nature 

of this is examined in Fig_ 4 where the heats of atomisation, of the eleven examples for 

which experimental data are available, are piotted versus their corresponding fi 

values. An essentially linear inter-dependence is indicated and this may be satis- 
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E i 
s 220’ 
r I 
0 200; 
k ‘ 
u. 780 
0 

k 160 
t 

ii! 
0 

ScSb 

/ , , 1 

O-l 02 03 OL O’S O-6 O-7 08 O-9 

fl. FRACTIONAL IONKITY OF 
BONDING 

Fig. 4. Inter-reiation of he!-ats of atomisation and ionicity of bonding IIIA-VB XaCl structures. 

factorily represented by the relation, AH (atomisation) (kcal!moIe) = I 11 S + 

23 1.4 XL, derived by least square analysis of the data. This relationship appears to be 

obeyed over a sufficiently Iarse range of ionicity values to justify its use to estimate 

heat data for the remainins uninvestigated IIIA-VB NaCl phases. Heats of atomis- 

ation of the phosphides, of the bismuthides and of LuN have beer, so obtained using 

theirf, values already computed- Finally the heats of formation of these phases have 
been calculated by combining these with the heats of vapourisation of the elements_ 

The estimated heat data are again to be found in Table 3. 
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