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USE OF ISOTHERMAL GAS CHROMATOGRAPHY FOR THE DE-IERMI- 
~ATICX‘t OF THE ADSORPTION EhFIHAL PIES AND EN’TROPIFS OF 
INORGANIC HALIDES AT HIGH TEMPERATURES 

(Fkst received November 29th, 1978; revised manuscript received August 14th, 1979) 

SUMMARY 

Gas chromatography was used to determine the adsorption enthalpies and 
entropies of inorganic chlorides on sslid non-porous adsorhents (silica, alkali 
metal chlorides, graphite, etc.) at high temperatures (65th1100°K). The results 
demonstrate that gas chromatography is also a useful method for investigations in 
the field of inorganic chemistry. The adsorption enthalpies and entropies (or rather, 
chemisorption enthdpies and entropies) indicate that the adsorption (or chemi- 
sorption proCess> involves complex formation between the adsorbed molecules and 
the adsorbent (coordinative by bonded surface complex). 

in recent years various types of gas-solid chromatography for application to 
inorganic compounds have been developed. The techniques applied include 
isothermal and temperature-programmed gas chromatography’, and thermochroma- 
tographyZ and on-line separations or continuous retention time measurements=. The 
aims of the investigation of the diifferent methods of inorganic gas chromatography 
are different : 

(1) the development of separation methods for trace elements; . 
(2) the determination of thermodynamic data, especialIy adsorption enthalpies 

and entropies4*5; 
(3) the separation of new artificial elements and the investigation of the 

chemical properties of these elements and their compounds6. 
In an extensive study, we have investigated the chromatographic beha-viour 

of various metal chlorides and oxychlorides in columns with different solid inor,wic 
stationary phases. Au important part of this study was the determination of adsorp- 
tion enthalpies and entropies by isothermal gas-solid chromatography. In this paper 
we p=nt the arguments and theory for the calculation of these values from 
experimental date and the results of the investigations. 



Most of the investigations were carried out at extremely low sm-face concen- 
trations and with non-porous solid stationary phases. As such low concentrations 
were used, it is justified to assume that the adsorption isotherms are linear and 
therefore bat the partition ratio is independent of concentration. For these nearly 
ideal condition (non-porous solid stationary phase, linear adsorption isotherm), the 
migration velocity (dxidz = v) of the first statistical moment of the chrom&ographic 
peaks (or the peak maximum of a symmetrical peak) cm be expresai by 

dx u 
-=y=- 
dt l-!-k 0) 

wherezz= linear velocity of the carrier gas. 
‘ihe partition coefkient (or retard&ion ratio), k, em be expressed as 

j&z++.+ (2) 
0 s S 

whereB& = a/cg (cm), a = surface concentration, s = surface atea, V, = free u11umn 
volume and c, =.concentration in the gas phase. 

To convert the gas-phase concer;tratfon into the partial press= (p), as a 
Grst approximation an ideal gas is assumed: 

where KP = z/p (mol N-3. 
III principle, the adsorption enthaipy can be determined from the temperature 

depkdence of the partial pressure p in the gas phase at constant surEace pressure m: 

Tlwxetically, the adsorption ent.haIpy czn be determined from retention data by 
combining eqn. 1 (in the integrated form) for constant experimental conditions 
Et,” = rO - (1 t_ k)] with eqns. 3 and 4: 

where (?,O == total retention time, to = dead time and r, = t,” - to = net retention time) 
‘E%e correlation betwee;;l (a hpplaT).z and (8 In p/iW), and the following ex- 

pre&on, which was derived by E?ilI’r 

where 8 = relative surface coverage, may be used_ The term RF (a hp/W). = qs 
is o&n caJkd the isosteric heat of adsorption. 
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For the borderline cases of the adsorbed state (totally unhindered movement 
of the mofecules along the surface and completely tied mokcuks), the following 
two equations are obtained: 

(1) tbr immobile adsorbed molecuks at iow s&ace concentration: 

where V, = net retention volume, and 
(2) for an ideal two-dimensional gas: 

As the net retention time, tr, and the net retention volume, V,, are independent of the 
surface concentration provided that the adsorption isotherms are linear, the ad- 
sorption enthalpies do not depend on the surface concentration and in this instance 
it is no longer necessary to use par&d diEerenti&. 

According to eqns. 7 and 8, the adsorption enthalpies czm be determined from 
a graph of either the logarithms of the net retention volumes at the column tem- 
perature or the logarithms of the quotients of the net retention volumes at the 
column temperature and the absolute temperature vssus the inverse of the absolute 
ternperat~~+. It should be noted that both equations were derived by assuming 
different states of the adscrbed molecuIes. 

An example is presented in Fig. 1 for a range of temperatures- The retentioc 
volu~~es of telhzrium WrachIoride were determined in a gas chromatographic 
column with yttrium tricbloride (on quartz-glass particles as the support) as the 
stationary phase. Fig. la shows a plot according to eqn. 7 and Fig. lb a plot 
according to eqn. 8. The two adsorption entbalpies determined from these data are 
ARI, = -73.2 i 2.3 kJ mole-‘and AH”, = -66.0 -& 2.3 W moleW1,respectively 
{data are give= for a ~%trium trictioride cobunn). As 8 < 1 in all experiments, it is 
justifkd to assume that the adsorption isotherms will be linear_ The ditference between 
the above two values is 7.2 k.J mole-L, which is as expected in accordance with RT 
at the average of the expf3iimenM temperatures (CQ. S80°K). 

The adsorption entbalpies listed in ‘Fable I are based on the assumption of 
immobile adsorbed mokcuks, as our results indi~te chemisorption of the mokcuks 
rather than a purely physical adsorption process. The standard adsorption enthalpies 
are determined from the intercept of the curve wi*h the InV, axis according to the 
fouowing equation: 

where a, = stmdard surface concentration and PO = standard (gas phase) pressure. 
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Fig. I. Arrhenius-type plots for the determination of adsorption enthaIpies. (a) Immobile adsorbed 
mokxuks; (b) ideal two-dimensional gas. Example: TeC& on a YCI, surface. 

It can be seen from this equation that the value obtained for the standard adsorption 
entropy depends on the values used for a, and PO. This is not a problem with PO, 
as a standard pressure of 1 atm is generally used in thermodynamics, but to our 
knowledge there is no generally accepted standard state for the adsorbed phase. 
We adopted the standard state suggested by De Boera for a temperatnre of 298” IS 
(this gives a value of cc. 9.37. lo-l1 mole cm-3. 

EXPERIMENTAL 

The experimental procedure and equipment are described in detail else- 
whereq. The chromatographic section of the column is 75 cm long with an I.D. of 
8 mm; the column material was quartz. The columns were packed with quartz-glass or 
graphite particles or with coated quartz-glass particles of diameter ca. 0.25 mm 
(total surface area = 6- l(r cm’). For the investigation, radioactively labelled com- 
pounds of high specific activity (carrier free or practically carrier free) were used. 
Tkrefore, it was possible to carry out the experiments with extremely small amounts 

of adsorbate (ca. 103 molecules cm-3 and the surface coverage, 8, is consequently 
extremely small (t9 CK 1). The chlorides and oxychlorides were prepared ti situ, 
in order to reduce their handling as far as possible. The different radionuclides 
(Tc-93m, Mo-99, Te-132, Zr-95, Nb-95 and Nb-9q were detected by ,-a spec- 
troscopy. The carrier gas was nitrogen with different carbon tetrachloride partial 
pressures (flow-rate = i-10 cm3 min-l)). Carbon tetrachloride was used as a reactive 
gas for the preparation of volatile chlorides and oxychlorides and was present in the 
carrier gas to remove oxygen and water impurities as far as possible in order to 
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prevent the formation of non-volatile oxides and to reduce the thermal dissociation 
of the investigated compounds into chlorine and compounds of lower oxidation 
states. 

RESULTS AND DISCUSSION ._ 

T&e standard adsorption enthaipies and entropies that were determined by 
gas-solid chromatography are listed in Table I. Standard states are 1 atm for the 
gas phase and a surface concentration of 1.37 - lo-” mole cmm2 for the adsorbed 
phase. The stated errors are determined from the linear regression of the ln VJT 
versus T- l plot. The results of identical measurement series are in agreement within 
the limits of experimental error. The results show that it is justified to neglect the 
temperature dependence of the adsorption enthalpies and entropies because it is small 
compared with the experimental errors. 

The identification of the chemical compounds presents difiiculties in several 
instances. The measurement method (gamma spectroscopy) permits an unambiguous 
identification of the element, whereas direct identification of the chemical compounds 
is not possible. Two sources of information can be used for the identification of the 
chemical compounds: (1) the known macroscopic properties (e.g., sublimation or 
evaporation temperatures, enthalpies or entropies); and (2) the chromatographic 
behaviour and the data derived from the chromatographic properties of the 
investigated compounds. 

The compounds of elements that form onIy one or two volatile chlorides or 
oxychlorides cau easily be identified from their known macroscopic properties, 
whereas the compounds of elements that form several different volatile chlorides or 
oxychlorides (e.g., molybdenum and technetium) can seldom be easily identified. To 
obtain further evidence about the identity of an unknown compound, it is necessary 
to compare the observed chromatographic properties with the properties of already 
identified compounds. By this means it is possible to identify a considerable 
proportion of the various compounds of diEerent elements, although in some in- 
stances the identification is still ambiguous. Several difiiculties arise if the macros- 
copic properties of the chlorides or oxychlorides are not known or are unreliable 
(e.g., for technetium chlorides or oxychlorides) or if there are no experimental data on 
the chromatographic properties of similar, already identitied compounds. 

The high adsorption enthalpies and entropies and the strong dependence of 
these values on the type of the surface on which the compounds are adsorbed suggest 
a chemisorption rather then a physisorption process. Both results indicate a 
selective mutual interaction between adsorbent and adsorbate. The most probabIe 
description of this interaction is obtained if coordinative chemical bonding (complex 
formation) between the surface (electron-pair donor, Lewis base) and the adsorbed 
molecules (electron-pair acceptor, Lewis acid) is assumed. The experimental data are 
insuGicient in both number and accuracy for any reliable assumptions to be made ( 
about the degree of ionic or ovalent bonding. For the same reason, it is not possible 
to make any statements about the contribution of physical forces (repulsion or 
attraction) to the adsorption enthalpies and entropies. The assumption of the for- 
mation of a “surface complex” is supported by the following arguments: 

(1) the chlorides and oxychlorides of tellurium, zirconium, niobitrm, molyb- 
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TABLE I 

ADSORPTION F AND ENTROPIES 

SiO, 1st sesies 90 (CClJ 
SiO,, 2nd series 90 (CC&) 
SiO,. 90 wx) 
carbon mod&d 
Graphite 90 (Ccq) 
Graphite, RucI, 90 (CCIJ 
treated 
SiO, 55 (CaI 
SiOz 2.5 (CcJ.4) 
SiO, 15 Kcu 
so, 

z (&%’ 
NaCl 90 &) 

zg 
9O(ccU 
90 (CCL) 

YCI, ~(CcL) 

cscllzeatiht 90 Gcw 

950 "K 

c&l-2t ~wa) 

870 “Is 
Kc& 1st series 90 (CCIJ 
KCl,2ndserks W(CC&) 
KCZHfCL 90 (CCL) 
heated 
KC& RuCI3 90 (Ccq) 
heated 

SiO,, 1st series 90 (Ccu 
so, 1st series 90 <ecu 
SiO=, 1st series 90 (Ccu 
SiO,, 2nd xrks 90 (CQ) 
SiO,, 2nd series 90 (Ccl,) 
~($+ndserig g EC 

car&modified 
SiO,, !Jfl (CCL) 
carbon XI-odxcri 
Gmphite m (CCL) 
Si& 55 (ecu 
SiO, 55 <ccw 
SiO, 25 (Ccq) 
SiO, 2.5 (CcJJ 
SiO, 15 (Ccu 
SiO, 15 (CCL) 
SiO, 25 (ecu/ 

15 0 
N&l 90 (cct) 
N&3 90 (CCL) 
NaQ 9Q) (ca) 
Mgclr 9o(<=cu 
MgQs W(cct) 

-692 5 -2O& 6 09806 9 
-65&- 5 -115 5 0.9757 12 
-@B&2- S&3 O-9912 15 

-lcB*lI - 41 fll 
-121 & 11 - 53 + 12 

-72& 7 -20f 8 
-64* 5 -lo* 5 
-6Sf 4 - 15; 5 
- 94f13 - 34il4 

- 76f 11 -22221tll 
-76& 4 -23; 5 
-82% 3 -3o* 4 
-7Sf 4 -2OU)f 5 
-62; 3 -12* 4 

-86&4-+%446 

-101 & 4 - 52 -c 5 
-102 f 4 - 57 f 5 
-84& 8 -34*10 

0.9968 
0.9974 
0.9779 

-s1* 8 -32f 9 0.9871 5 

-75; 3 --M* 3 0.9975 5 . 
-119 f 10 - 56 f 21 os933 4 
-94% 8 -46i 9 0.9939 4 
-57f 2 -lo* 3 0.9952 7 
-Sl+ 6 -31f 7 0.9767 10 
-111 i 20 - 46 i 21 09696 4 
-4646; 4 If 4 0.9797 9 

-71f 6 -19j, 7 0.9868 6 

- 95*11 - 27fll 09809 4 
-6O* 5 -13* 7 0.9830 5 
-77st 5 -261 6 0.9978 3 
-65& 4 -211 5 0.9909 6 
- 66*11 - 12 * 13 0.94# 6 
-56% 3 -1Of 3 0.9935 7 
-11.5*19 - 66;22 0.9858 3 
-91; 5 -2626 6 09914 7 

-43313 17 f 12 09865 5 
- 72& 8 -12e 7 0.9790 6 
-136L 6 - 655; 6 0.9990 3 
-6sr 9 - 35 f 12 0.9752 5 
-112* 8 -62f 9 03916 5 

0.958 1 
09502 

13 
14 

09710 8 
0.9783 10 
0.9825 11 
0.8814 17 

0.9372 
0.9939 
0.5891 
0.9814 
0.9967 

9 

1: 
16 
5 

0.9963 5 
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Regression Number 

points 

MoCl5 

MO 

MoCl5 

MoQ 

TtQs 

TCCL 

TCQCJ.4 
Td5 

Tcc4 

TCCJ5 

Tcc1, 

TCCb 

Tcoct 

caQ2 
CaQ2 

YGfi 

YQS 
C.&l freated at 
950 “K 
csa heated ai 
870 “K 
KCI, 1st series 
Kc& 1st !xiies 
KCl, 2nd series 
KC& 2nd series 
Kc&=-a 
coated 
KCLHfcL 
coated 
KcZHfc4 
cxxaxi 
KCJ, LuCI, 
treated 
KCI (with KC1 
p2ckedcolm) 
KCI (with KCI 
gKckdcolumn) 
SiO,, 1st series 
SiO2, 1st senes 
Si02. 1st series 
SiO,. 1st series 
SiO,. 2nd series 
SiO,, 2nd series 
SiO,, 2nd series 
SiO,, 
carbon modified 
SiO,. 

m(- -73f 3 -2l+ 3 
9ocal -1(X)*5 -34is 
~cal -a-+ 5 IS& 6 
9Q<- - 76% 3. -Lx%& 3 
90 (0 -78f 6 -30; 8 

90 (cc41 - 76&10 - 27512 

90 <WI -84* 4 -4040 4 
90 (Cal -136 i 25 - 81 * 30 
90 v-i) -4l& 1 2i 1 
90 (Cal -83& 6 -4040; 3 
90 (Cal -42& 3 2; 4 

90 (Cal -s3* 7 -3s* 8 

90 PaI -135 2 42 -78*&i 

90 (CCL) - 78 f 5 -33f 7 

90 (CCL) -ai 8 -4li 9 

90 (Cal -129*39 - 71923 

90 <CCL) -94f 9 - 29flO 
90 (CCL) ---94& 2 - 24f 2 
90 (Cal - 50; 1 - 35 1 
90 (CCL) -65; 5 -13* 5 
90 (CCL) -8.5& 5 -1si 5 
90 (Ccq) -52i4 - 61 4 
90 <Cal -67& 3 -1si 4 
90 (CQ) -4.444 2 25 2 

90 <Cal .-62& 3 -10; 4 
carbon modEed 
SiO, Together iS.25, - 52 f 2 - 5 i 2 

5% (ecu 
SiO, Togefher15,25, - 69& 2 - 17 _C 2 

55 (cQ3 
Si02 25 (Cell -101 & 7 -3717 

15 (Hzo) 

SO2 =<ccU - 87& 15 - 16& 17 
15 (H20) 

N&l 90 (Ccu -SO* 1 2-c 2 
N&l 90 (CW - 69f 1 - 9i 1 
Mi332 90 wm -629 6 -26& 8 
M&h 9o(ccU - 67 f 12 - 12 f 24 
caclr 90 (CQ3 -7911 -2sf 2 
ca!1 9o(ccU -8O&- 6 -21* 7 
caaz 9fJ(ccU -7o* 5 2f 5 

0.9942 13 
09970 4 
0.9601 11 
0.9925 16 
0.9928 5 

0.9672 5 

0.9955 
0.9376 
0.9995 
0.9865 
0.9939 

2 
4 
7 
4 

0.9815 5 

0.90085 3 

0.9975 3 

0.9886 5 

0.9773 4 

09678 8 
0.9992 7 
0.9999 3 
0.9924 7 
0.9961 4 
0.9891 6 
0.9935 5 
0.9925 11 

0.9956 5 

0.9907 15 

0.9954 16 

09934 5 

4 _ 

z 

5’ 
11 
6 
7 
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TABLE I (wnGr=f) 

compod’ Swfe Parr&l pressztre AK.cs ASads &gression Nranber 
of reactive gas (Wmole-*) (Jmo&’ “K-‘) weficient of 
i~KF1 points 

-66* 3 -17-c 3 03877 16 
-75& 6 -x7* 7 09785 8 
-68& 3 - 1*-z 0.9953 8 
--80* 4 -33f 6 0.9933 5 
- 85 & 10 - 20*12 0.9789 6 
- 79 * 14 - 36 f 17 0.9285 7 
-102 f 20 -43*20 0.9819 3 
-74& 4 -26f 5 0.9951 5 

- 79f12 _ 36 f .14 0.9301 3 

- 81 * 12 - 22&13 0.9775 4 

-1oO* 5 -4.444 5 0.9977 4 

-775* 7 -27f 8 0.9918 4 

- 97 i 12 
--al+ 4 

-5418 
-118* 5 

0.9465 
0.9955 

9 
5 

-90i 6 -32+ 6 0.9392 7 
-54% 2 - 6f 2 oa946 11 
-57& 5 - 7& 6 0.9669 11 
-43* 3 - S&3 0.9689 16 

-83&- 8 
- 74 & :4 

- 17 f’ 5 
- 15&14 

0.9462 
0.8347 

13 
15 

-57* 3 - 5* 3 0.9943 7 
-5li 3 5f 4 O-9803 11 
-44t* 3 14* 4 O-975 1 11 
- 81 _c 13 - 27c1.5 0.9209 9 

- 70+15 - 18 & 17 0.9029 6 
-7Of 3 -17i 3 0.9946 9 
-75% 4 -26* 5 09820 12 
-73% 3 -1186 3 Oa9?7 18 
-42+ 3 10; 3 0.9940 5 

-9o+ 4 -545 6 5 

-235c 8 - 38 i 10 
- 79 * 10 - 36 & 12 
-77* 2 -32+ 2 

6 
6 
5 

- 72 f 19 - 24&22 

0.99@) 

0.9785 
0.9703 
Oa985 

oam 5 

YCh 
ya3 
=A 
Ki=l 1st series 
Kc& 1st series 
KU, 2nd seriff 
KCl, 2nd series 
Kcl (with Kcl 
packedcolumn) 
KcZIFfcL 

Eg$ifcL 
treated 
ccl heated at 
950 “K 
C&l heated at 
950 “K 
SiO, 1st series 
SiO,. 
carbon mm 
Ycl, - 
Sia, 1st series 
SiO,, 2nd series 
SiOt. 
carbon modiied 
Graphite 
Graphite, 
R&l, treated 
SiO, 
SiO, 
SiO, 
SiO, 

NaCl 
MgCI, 

CacI, 
Ycl, 
CsCl heated at 
950 “K 
CsCl heated at 
870 “K 
KCI, 1st series 
KCl, 2nd series 
KCZ Hfc4 
treated 
KCI, RucI, 
treated 

‘The compounds listed are the mast probably formed species: where we consider that the 
assignment might not be compk&;- jwe.Xkx& the formulax is enched in parerltheseS. If there is in- 
su.tEci~t evidence of the identity of the compound, ooly the el~at is stated, 

** Although TCCI, bas not yet been positively idehkd, we think that the pentachloride is proba- 
bly formed under the experimen tal conditions and the observed cbromatogsapbic pmpertiea imiicate 
that this compound is a pentachloride; therefore, we are convinced that the obwvxl compomd is 
TcC&_ 



denrrm and technetium have higher coordination numbers in the comiensed phases 
thaninthegasphase; 

(2) there is a correlatiorr between the complexing abilities of the solid phase and 
the experimental adsorption enthalpies (e.g.l potassium chloride forms stronger 
complexes with niobium. pentachloride than does sodium chloride and the adsorption 
enthalpy for niobium pentachloride is -75 ki mole-’ on sodium chloride and 
-101 k.T mole-’ on potassium chloride); 

(3) there is a comIation between adsorption enthalpies and entropies (see 
Fig. 2); this is to be expected as stronger chemical bonding causes a higher loss of 
enthalpy and a higher loss of entropy_ . 

Fig. 2. Correlations between adsorption enthaIpies and entropies. (a) TeCl, on dSe=nt surfaces; 
(b) NbCh on different surf&s; (c) ditferent compounds on KCI; (d) Merent compounds on YCI,. 

Although a general trend for all adsorbent-adsorb&e pairs can be recognized, 
the mire&ion between adsorption enthaIpies and entropies is better for a given 
adsorbate on different adsorbents or, vice vemz, for different adsorbates on a given 
adsorbent This is demonstrated by the data in Fig. 2 atid the values obtained by 
linear regression of these data (Table II). This may be explained by the effect of the 
individual geometry of the different surface complexes. As both the adsorbate and 
adsorbent have considerable influence on ffie geometry of the m&ace complex, 
better correlations can be exmted when only one of them is varied than for a 
variation of both adsorbent and adsorbate. Consequently, the best correlations are 
obtained if aclsorbents and adsorbates with s+ilar properties and structmes are 



Tef& on difkient sda~ 1.86 f 024 115 l 19 0.9521 8 
Nbur on diskrent surfacs L2S f 0.20 74 * 17 0.9317 8 
Ditkrent &upouads on KC3 0.85 _c 0.11 38 f 10 0.9532 8 
Difkrent cumpounds on Yell 1.14 f 0.21 67 f 15 09126 8 

compared (eg., *he adsorption of a given compound on different ionic chlorides)‘. 
Further information can be obtained from a simphfied statisticaI thermo- 

dynamic caIcuIation_ The adsorbed molecule has Iost three degrees transIationeI of 
freedom and gained three degrees of vibrational freedom and an amount of con- 
figurational entropy due to the many possibilities of distribution of the adsorbed 
molecuks on the surface. A comparison of caknlated and experimentaI entropies 
indicates that the surface complex has gained one or more degrees of easiIy excitable 
vibration@ freedom with frequencies in the range I@‘-1oU set-‘. This is a striking 
analogy to the well known gas-phase complezes, where the experimentahy determined 
entropies of formation also indicate easily excitable vibrations. From this point of 
view, it is obvious that in addition to the strength of the bonding between chem- 
isorbed mokcules and the surface, the geometry and properties of both the surface 
and the chemisorhed molecule have a considerable influence on the various possibie 
movements (vibration, rotations) of the chemisorbed molecules. UnfortnnateIy, the 
experimental results do not ahow a detailed interpretation of the surface compIexes, 
as the errors in the experimental data obscure the 6ne detail reqnired. Nevertheless, 
we think that it is reasonabIe to assnme that the surface complexes have structures 
similar to those of their known complexes in bulk phases, e.g., niobium penta- 
chIoride has a six-fold chloride coordination in the surface complex with one of the 
chloride Iigands supplied by the solid phase, and zirconium tetrachIoride had a six- 
foId coordination with two of the chforide Iigands supplied by the solid phase. 

CONCLUSIONS 

The inorganic gas chromatographic method described is promising for the 
investigation of gas-solid interactions at high temperatures with solid phask with 
very smaII surface areas and at extremely Iow surface coveragzs_ Zt is possible to 
determine adsorption (chemisorption) enthaIpies and entropies for the formation of 
inorganic surface complexes, which supplies information that gives a deeper insight 
into the mechanisms of the chemisorption of metal haIides (or oxides, etc.). 

The results sugest parallels between these 53urf&~ crsmpkxes~ and the well 
known gzs-p&z complexes. It is to he hoped that further investigations of these 
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ehernisorption phenomena witi present res&.s that are as interesting as the similar 
gas-phase complexes. An understanding of the chemisorption of volatile iaorganic 
halides, oxides and similar compounds is the basis for many applications of the 
gas-solid chromatography of these compounds. We think that the method presented 
for the determination of adsorption data provides a use!% meanf- of collecting 
valuable infoXan&ion about the cheaisorbed state, but additional methods can be 
applied in order fo obtain further complementary information about the interesti@ 
field of “surface complexes” of halides and similar compounds. 
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