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E-IYDROCI~N-TRI~ATID GRAPI-IITIZISD CARBON BLACKS 

ADSORPTION 01; ACETIC ACID AND 1’ROPYLAMINlS BY 

GAS CMROMA’I’OGl~AIJI-IY 

The isothernw and isostcric hats of adsorption in the region of very low surface 
coverages have been measured for propylaminc and acetic acid on two graphitized 
carbon’blacks, graphitized Sterling IiT and MT, before and after hydrogen treattnent 
at 1000~. In order to obtain adsorption isotherms at very low coverages with good 
precision, a gas chromntographic method has been adopted. 

Tlic experimental results confirm the effectiveness of the hydrogen treatment 
in removing trace amounts of surface oxides and the usefulness of an osygcn-free 
carbon surface in deriving adsorption isotherms of hydrogen-bonding substances, 
The removal of chemical impurities causes the extent of propylamiue adsorption to 
be sharply reduced ancl the shape of the isotherm to be altcrcd. On untreatecl graphi- 
tizccl carbon blacks, the heat of adsorption of propylamine shows an unintcrruptecl 
fall as the surface coverage increases, whereas after the Iiyclrogen treatment, a con- 
stant value of 7.5 ltcal/mole is obtained, In contrast to the behaviour of propylamine, 
on treated carbon surfaces the adsorption of acetic acid increases and the heat- 
coverage curve is steeper than for untreated surfaces, This is because the adsorbate 
can establish strong lateral interactions on a clean surface. The surface density of 
chcmisorbecl oxygen on unpurifiecl graphitizecl Sterling I;T is estimated as two 
oxygen-containing groups per IO4 AD. 

INTIZODUCTION 

Craphitized carbon blacks have been widely tcstecl in order to determine their 
adsorption of substances from both gaseous and liquid phases. These aclsorbing 
materials provide surfaces that are sufficiently chemically and geometrically homo- 
geneous to give a reliable interpretation of the aclsorption clata, e,g,, of the adsorption 
isotherms and heats of adsorption: this is not the case with heterogeneous surfaces 
such as non-graphitizecl carbon blacks ancl inorganic osides. Graphitizecl carbon 
blacks arc of even greater use in basic studies of adsorption as a result of the con- 



siclcrablc amount of information tllat is avdilablc cm tllejr crystnl structure and 
p;u?.icle size, In addition, altllou@i tliese aclsorbin~ materials arc! con1plex in physical 
structure, tllcy can be enoil>* rcproclucd. 

However, adsorption 111c;~surcn1cnts carriccl out nt low covcragc on grapl1itizccl 
carbon l~lnclss for polar**z ant1 non-lxdar:3 substances yield anon1alously liigli licats 
of adsorption, tlius indicating tlie presence of 8 small fraction of lietcrogcncous sites 
on their surfiicc. ‘1’11~s~ lictcrojicncitics arc of two types, one of wl1icll consists of 
pxiictricnl irrcpdaritics nncl t\*piliccl 1,: tlic :;tuciic.i bi: Gr~AkIdJ, nncl tlie otl1cr of 
osyjien poups, wliich arc l~rcsuninl~ly bound to tllc peripllcral carbon atoms of cacli 
1aycrJ. ‘I’l1csc ll~*clrol~l~ilir sites may comprise a. burnt-off residue tliat remains after 
tllc lieatiiq of cxrbon l>lW.ZliS to pducc pxphitic carbonsG. It is gcncrdly ncccptccl 
that tlicsc clicmical Iictcrogcnc4tics account for tllcir strong interactions wit11 
llyclroficn-l,c’ncliii~ aclsorbatos. 

Scvcral nutliors+-W II;L~*c piiitctl r.)ut tllc! pcot influcncc tliat tllis sniall fraction 
of cllemical licterc~~cncitics 1~1s on tlic aclsorl~tion process of Il’clrogcn-boilcling sub- 
stances lq* tllc surfnrcs of~rapliitizecl cnrlxm l~lnclts. l’lic ncccl for osygcn-free cnrlxm 
surfaces so as to malzc aclsc-)rpticm data n10rc amcnal~lc to tlicoretical trcntnient lias 
been substantiated 13~7 tlicsc carlicr stuclics. 

Tlio first nttcml1t to obtain an uncontan1inntecl surface was maclc by iVl~I.I.ARD 
el mloM, who rcportccl tliat tllc osygcn surface coml3lcscs on Graplion, ;i grapllitinecl 
carbon black wit11 a surfncc area of about go-x00 m”/g, could lx rcmovccl by llenting 
the aclsorbent in il strcnm of liyclrogcn at Iooo”. l’lic removal of cliemisorbccl oxygen 
wits inclicntccl by tlic fact that, within tlic sensitivity limits of tlieir cxl1crimcntal 
apparatus, tlie licnt 0T aclsorption of water clitl not show \*arintions that were cle- 
pnclcnt on the increase iii surfaxc covcragc. 

In the prcscnt work, liydrogeii treatment lias been cstenclccl to two otliar 
esamplcs of grapl1itizecl cnrlx~n l~lacl~s, grapllitiz.ccl Sterling All’ and jirapl~itizecl 
Stcrliiq IT, lxdli of wliicli 11avc :L clcpcc of cllcmicnl and gconietric surface Ilonio- 
gencity that is appreciably llifilicr tlian that of Grapl1on I’, The aclsorption isotlicrms 
and licats of adsorption are given for acetic ncicl ancl propylamine in tlic rqion of 
very low surface covcrages, obtainccl on 1xAli treated ancl untreated grapliitizecl 
carbon blnclcs, Grapllon was subjcctccl to tile same trcatnient, but we founcl tliat 
the clecoiit;iiiiiiiatioll of .q3pliitizccl Sterling: BIT and IiT is more complete tlian tliat 
of Graphon. 

In orclcr to oldain adsorption data. at very low surface coveraps, tlie pulse 
clironintojirapliic mctliocl was usccl, as clcvisccl by GI.I)Cl~AuI;~‘J and. widely acloptecl 
1)~ otlicr worlcersll-l~, In aclclition to the aclvantajic of a ~nucll lligllcr sensitivity tlian 
fir static metliocls, tliis teclinicluc allows mcasurcn1ents to lx maclc~ rapiclly and tlic 
al1pnratus consists nf simple, stnnclarcl types of equipment. As far as accuracy is con- 
cerned, it lins been sllc~n 1,~ I<~SIS~,ISV AID YASHIA *Is tlint , proviclccl certain cslxri- 
mcntul conditions arc obocrvccl *‘I, tlic results c~btainecl from cllroiiiatojirnl,liic nica- 
surements are close to tliosc from static uclsorption measurements. 

Research-graclc propylnminc and acetic acid were usecl (12. Merck, Darmstaclt, 
G*F.II.). 



The satnplcs of graphitizecl Sterling FT ancl graphitizecl Sterling MT adsorbing 
rnatcrinls wcrc supplied by Dr. W, 1.3. Sarrrn of the Cabot Corp., Rillcrica, Mass., 
USA Thcsc two carbons Iiacl specilic surface m-em of 1x.5 unclY.0 ins/g, respectively, 
lmsccl on nitrogen adsorption (KILT. Inctliod) mcl assigning to the nitrogen cross- 
sectional mea a vnluc of 16.2 A2. If, as reportecl by Prrmx AND IS~INGI~, 5i value of 
20.2 A2 itistcacl of 1(i,2 A2 wcrc usccl, tlic surfricc areas woulcl lx aIiienc1ccl to 14~1 and. 
9.8 ni”/g, respcctivcly. 

The liyclrogcn trc8,tnIcnt was carriccl out as follows. A carbon IAA snIti1~1c, 
previously sievccl to tlic clcsirccl tncsli riuige, was placccl in a piccc of iron tubing, 
which was in turn l>liLCCCl in in cylindrical wcn. TlK! OVCll w;1s tIleI 11eatcd to 1000° 
ancl a stream of pure hyclrogcn was passed through tllc satti~~le. This tetmpcrature was 
ItIaintainecl for about 4 II. Tlic actual titnc is not critical: in tllc original worl@, tlic 
trcatincnt was carriccl out for 12 II, but in our c:qxAnients no furtlicr significant 
itiiprovcmcnt was obtainccl by continuing the trcatmcnt for ttiorc tlInn 4 Ii. Attcnipts 
wcrc tnaclc to put tlIc carbon into IL pure quartz tub, atmong otlwrs. However, after 
Iicating, the tube was found to bc seriously corroclccl, prcsutiiably clue to ii reaction 
htwccti IIyclrogcn, carbon aiicl quartz at high tenipcratures. In or&x to 0lAxiti ;1. 
IiiglIly purificcl hydrogen strcilni, two traps, both containing Inolecular sieves, wcrc 
inscrtccl in the g;iwline in front of tlie inlet to the oven, One of tltc traps was main- 
tainccl at 0’ , so iIs to eliminate tract amounts of wetter, zinc1 the other at --rgli” 
(lic~uicl nitrugen), SC.) as to eliniinatc trace itlllOUlltS of osygcn, 

After tlic trcotnicnt, 110 upprcchblc variation in tlic surface wxis of tlic gra.plii- 
tizccl carhn Macks was fouticl, 

Tltc proceclurc clcscrilxcl by 1iIsw.w AxI) YIW-IINfR was usccl for c:ilculatitig 
isothcnms front the lwotilc of the cllromatograpllic peak, The gas clwornatograph usecl 
wiis i1 Cnrlo I~rlxt, hIoclcl GI instrunicnt, ccluippccl with il flanic ionization cletcctor. 
The USC of this clctcctor pcrniittccl tlic clctcrniinatiot~ of atnounts of clcsorlxcl sub- 
Sti~tICcS of tllc WdCr Of lt~11l~~I’i~tllS. IIt tllc ~J.~CKAUI; ltlCtllOCl’“, 110 iLllOWiLtlCi? is Ill~LClC 

for tlic lxwadcniiig of the ciiromntugrapllic lx~ncl clue to cliffusion in tlIe gas pliasc, 
which CRII give rise to errors in clcriving isotlicrms. To minimize tlic effht of tlic 
cliffusion, we usccl short glass cl~ronwtographic columns (I tn x 3 tltm I,D.) packec! 
wit11 a !inc powclcr (60-Yo B.S.S.) of tlic itClSCXl>ing nintcrials being stucliccl. Also, 
relatively 1iiglI linear vclocitics of the carrier gas (12-14 ctii/scc) were usecl. Hyclrogcn, 
wit11 in statccl purity of 99,g9cJ&, ‘was usecl as tlic carrier gas so its to prcvcnt any 
possible slight osidntion by trncc aniouiits of osygcn, which arc always present iii 

gnscs of nornial purity. 
TlIc tonipcmturc tlIrougliout an adsorptiun run could lx nittintainecl to witliin 

& 0.x0. The sn1llpt9s, injcctecl witli n IO@ syringe (S.G.E., Mcll~ourtic, Australia), 
u’cre suitaMy split at the column inlet to obtain tlic clcsirecl sarnplc size (cn. IoeG g). 
licpeatccl imciisurcnicnts of the peak nrcas corrcsponcling to successiw injections of 
the snine cc~tii~xn~ticl in wiy one a.clsorptioti run were in agrecnient to within z-3% 
proviclccl thnt purificcl graplIitiszcc1 Sterling ITT or AIT was used. Howcvcr, with 
untrcutccl niatcrinls, cspcci:llly in tlic elution of prop~*lanlinc, rcpentccl imc~wreIiicnts 
wcrc in agrcerncnt only to within S-10%, This different lxliaviour niust bc nccountecl 
for by the slow clesorption of tlic IiHt arlsurbate niolcculcs strongly bonclecl to the 
cnrbon surface, Conscqucntly, t,hcrc were difficulties in mc?wring the ~~~~~li areas 

IIaviIIg wry lwoacl tailing cclgcs;. 
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RESULTS AND DISCUSSION 

The isothrnls for the adsorption of propylamine on both untreated nnd treated 
graphitized Sterling FT and MT are shown in Figs. I and 2. The hydrogen treatment 
rcmovccl chcmisorbed osygen from the carbon surface, as shown by the fact that the 
initial “hx+Ixncl” has ahost completely disappeared, thus indicating a homo- 
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Fig. I, (CL) Tsotlwrms for propylrrminc on grapllitiactl Sterling P1’. (b) lsotlwrms fur propylDminc 
on Ilydrogcn-trcntcd graphitirctl Sterling 17’1’. 
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Fig. 2. (a) Isothcrnis for propplnnlinc on grapliitizctl Sterling MT. (I>) Iwtlwrnis for propylaminc 
on hyclrogcn-trcatccl graphitircd Sterling MT. 

geneous distribution of the adsorptive sites. Also, at the same temperature and 
partial pressure in the gas phase where the comparison can be made, the concen- 
tration of propylamine in the adsorbed phase is clearly always much lower on purified 
adsyrbents than on unpurified adsorbents. It can be seen that isotherms for propyl- 
amine on untreated surfaces are obtained over a narrower pressure range than for 
treated surfaces, This is because equal amounts of propylamine were injected into 
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id1 iIf tllc cllronintoji~ol)lli~ c*r~lUlll1lS i~1lCl Ix.YilUSc UlltlViLtC!Cl SlWf:K!c!Y ]mSScSS it liigllcr 
aiAnit)* tlian trmtccl. surfxcs for lwq~~~laiminc. Tlicrcfow, in tlic fmner instance tllc 
ni;miinunl of tlic cllron7ato~ra],Iiic pcid~, corrcs]mncling to tlic iim&iiuri~ gas phase 
ccmccntratioii of tlic nclsdx~tc in c!quilil~rium with tlic aclst~rlxxl laycr, is SYstcinati- 
cnll~ lower tllan in tlw latter jiistancc. 

‘I’lic isotlicriiis corrcsponcling to unptiriliccl dsorbing nwtcrials sl10w that iii 
srmc instnnrcs, at tlw wiiw tcmymtiirc and gas pliasc ConCcntration, grnpliitixccl 
Sterling R1’1‘ appears to idscwb a Iligl~fx amount of ~wol~~hi~inc per square mctcr of 
aclsorbcnt than .grapliitizcd Sterling 1’1’. Howcvcr, it 1x1,s ~YMX~ lmviously clcnm~- 
stratccl tlmt o.s~pm is alniost coii~plctel~* cllcniisor1xxl nt tllc pcripllcry of the 
grapliitic crystallitcd and tlint ~IXpllitiXYl Sterling 1;1’ is coniposccl of pa.rtic1c.s tlwt 
arc SlllillllZ~ tllilll tllcx4c of tllc gri~l~liitizccl Sterling MT1 I’. It fcdlows tliat tlic fcmiicr 
grapliitizecl carlxm blilClC ivill liavc ;1 Iliglicr clcgrce of clmnical lictcrc~gcncity tllilll 
tlic latter, iinc] grapliitizccl Sterling ITT will wnscqucntly adsorb a larger amount of 
]~ro]~~lalllinc tllan gral~lliti7xcl Sterling >]‘I’. ‘I’llCW cliScrcpncics Ci111 IX ~lCCl~UIltCC] 

for 13;. tlw great clifficult~* in oldxining V2liill~lC duta from tlic aclsnrption of lqdrogc!n- 
hmcllng coinpimncls on osidiit.ccl surfarcs at k*cry low CC)\‘CriLgCS. On tlw contriw~, 
after Clieniical purHication, at tllc sanw tcnipmdurc itIlC1 gas pliasc concciitratinn, 
both of tlic grapliitixccl carlxm IIlaClss iLClSOr]I tlic Sal110 amount of lxq]‘laminc pr 
unit surface a.rc;i. which is to lx! cslicdxcl its Imtli of tlic surfkccs cmnsist of l!i~rl>OII 
atoms il~r~LllgCCl iis in fra]>lGP1. 

On botll trcatccl nncl iintm;~tC~cl gri~]~llitiZCxl Sterling IiT ant] NT, tlw isostc!ric* 
lwa.tS of aclsorl~tion iIf ]~rC~]‘!‘li.nlinc wcrc CZ~lll~uliI.tC!Cl frcm tlic isotllcrnls, ancl arc! 
SllOWll in Fig. 3. TllC SlliW]I ClC?lTC!ilSC illlC1 tllC fliltllCSS Of’tllC IlCQt Of iIc]sC~rption curves 
after the Iiyclrogcn trcatmcnt coiifirni that tllc osygen surfncc CornlAm has clisap- 
penrccl and tllilt tlic aclsorption of pWq~~li~Iliilic 0Ccurs only on tlic grnphitic plnncs, 
giving it11 initial aclsorption Iicat of 7.5 lax.l/niole, Tlic sliglit initial twintion in tllc 
heat of nc.ls;orptiim curws correspmcling to hyclrogcn-trcntccl lllil,t~rii~]S may lx clue 
to n residual surfiwc IwAcrclg,lencity or, rnorc lilccly, to the \*cry slight aclscwpticm of 
]W~l]~~Ii~lllillt? in th! il]l]X~KltUS. 

..___-___ -.._ .-.-. _--_-_- __.. _._-.-._- 
b 

l:ig. ja (a) Isosicric llcat$ of a~lsorpti~~n ot’ prop~liL1llitlc on grilphitiacrl Sterling lT (0) imtl on 

hyclrogcn-trecltcil gmphitimtl Sterling IT (0). (b) Tsovtcric Imats of aclsorptkm of propylntninc on 
graphitizccl Sterling MT (0) ;u~cl on h~tlrogcn-trcntctl grnphitixccl Staling MT (0). 



Apparently, tlic fact that the llcats of aclswption and of vaporization linvc 
virtually tlic same values is completely fortuitous, as the forces that arc operative in 
the adsorption and in the bulk liquid propyhniine arc wry cliffcrcnt, 

As the hats of adsorption of the scpnratc niolcculcs arc sums of tlm tcrnw for 
individual structural groups, then by assigning the values of QcT~I~, = 2.1 ltcnl/molc 
and Qcl-In, = I.6 ltcal/mole for tlic aclsorption on grnpliitizccl carlxn~ I>l;wlc, as rcportccl 
by ~<I~l~J~EVg~ ancl vcrificd by us (QC.,I.I~,) = 7.40 1cca1/11101e), a vnluc of (I)Nllg = 2.2 
kcal/mole is clecluced. 

The fact that on untreated carbon surfaces a basic aclsurbatc, sucll as propyl- 
amine, shows a high hat of aclsorption, wliicli sharply incrcnscs as tllc coverage 
clecrcascs, can lx! accounted for by the formation of some kind of clicmical complex 
bctwccn the ndsorbatc ancl tlic acidic fraction of surkwc osiclcs22, which in es- 
trenic instances yields il “salt fornintion”. Strong chemical interactions, which causccl 
nlmost irreversible adsorption, wcrc sliown to occur l>v injecting very small amounts 
of propylnniinc, c.g., about 1 *Io-7 g, into tlic clironiatograpliic columns. In this 
instwwe, in spite of the use of il very scnsitivc clctcctc~r, bluatc clcsorbecl from the 
p&king material could not lx detected, 

Fig, 3b shows that at a. surface covcragc of nhut 0.03 ~~niole/ni~, tlic hut of 
xlsorption curves yield the sonic vnluc of 7.5 kcal/niole, It can Ix nssumcd tlW at 
lower surface covcragcs propylnniine is nclsorhecl only on tlic surfricc oxide groups, 
which conventionally arc nssumcd to be Iiyclrosyl groups. FVitli increasing surface 
covcragc, for values higher than 0.03 purnolc/m~, tlic basal plants of gmplh crystals 
arc tlic only ones respcmsiblc for tlic aclsorption of lxopylnminc. l’liercforc, this 
surface ccwcrnge value should corrcsponcl to tlw surf&c clcnsity of hyclrosyl groups. 
The vnluc calculated in this manner is ;tbout 2 0 10-2 liydroxyl groups per I00 11”. 
This value is, Iiowevcr, a very low surface concentration compwcd with the corrc- 
spending value of about one liyclroxyl groul) per zoo As corrcsptrncling to il silica 
gel, its highly dcliyclrosyhtccl as possibW1. 

In a prcviclus paper ln it wns sliown tliut no signilicnnt climgc occurs iri tlic 
aclsorption of a basic aclsorbatc, such ns animonin, on grapliitixccl Sterling MT lxforc 
ancl after Iiyclrogcn trentment. Our c.xpcrinicntnl clata arc, thcreforc, in sharp clis- 
agrecnicnt with tliosc results. This cliscrcpancy is prolxil>ly clue to the llydrogcn Iwing 
insufficiently purificcl in the work of SrRNcI:R ul A*“, 

As already l~~own, the lateral interaction contributions arc not clearly seen in 
adsorption on a non-uniform surface , as localization clue to tlic prefcrcntial filling of 
hot sites tcncls to ltecp xl-atoms apart so that thy do not interact. In order to obtain 
information on the extent to which tracts of clicniical lictcrogcneity on tlic cnrbon 
surface modify adsorbate-nclsorlx~tc interactions for substances that arc capable of 
forming strong hyclrogcn bonds, tllc adsorption of acetic acid was also studied, 

l’lic isotherms for :rcctic ncid on bntli untreated and treatccl grapliitizerl 
Sterling IT and RIT arc show in Figs, 4 aiicl 5, Iii a.11 instances the isotherms me con- 
vex to the pressure axis, showing that cvcn at very low surface coverages adsorbatc- 
adsorbatc! interactions take place, After the hydrogen treatment at IOOOO, in contrast 
to tlic belinviwr of propylamine, it can lx seen that the removal of oxygen com- 
plexes from the carbon surface causes tllc cstent of adsorption of ncctic acid to lx 
increased. Moreover, tllc heat-covcragc curves for acetic acicl, sllown in Fig, C, differ 
from those for l~ropylaminc, in that the heats of adsorption nftcr the hydrogen 
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Fig, 4. (it) Isotlmvw for acctic auicl on grnpllitixcd Sterling IT. (1,) Isotlicrnw for ncctic ncid 011 
hyclrogcn-trcntccl graphitizctl Sterling FT. I. 

treatment show an initial increnicnt of about I ,542.o lscal/mole, which increases with 

increasing surface coverage. This lxhaviour can 1x2 csplainecl by consiclcring that: 

(I) a highly l~om~geneous adsorption surfacc cnlianccs the effect Of tlic lntcrd intcr- 

actions lxtwecn adjacent acls0rbccl nioleculcs, causing an increase in the heat of 

aclsorption WYWS coverage ; and (2) adsorbed acetic acid molecules, even at low sur- 
face coverages, are capal~lc of forming stronger lateral hyclrogcn boncls than aclsor- 

bate-lieterogencous sites. 
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Fig:. 5, (a) Iwtlwrnis for iwctic itcicl 011 gritpllitirccl Sterling 31’1’. (11) Iwthcrnis for ;lWtiC ilCit1 011 
ll~~clrogcii-trcntotl gmpllitizul Stcrlirig Cr. 

The lmd-coverage curves for acetic acid on both treated am1 untrcatccl ad- 
sorbing materials arc nnnlogous to tlmc rcportcd for licxanc” on grapliitizccl carbon 
1hA~s with different clcgrccs of surfrtcc lioniogencity, such as Craplion and Sterling 
MT (3100). In both instnnces surface hctcrogencity hinders the clear-cut manifestation 
of aclsorbntc-adsorbntc interactions axcl, at least for srnnll surface covcmges, increases 
the locnlixation of the aclsorlm.tc molecules, On the basis of tlic high heat of aclsorption 
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w,Iuc obtainccl and tlw large cliffcrcncc bctwccn this value and tile heat c~f valmri- 
mfimi, it: can 1x2 ccmcluclcxl tllat aclsorhccl ncctic iICiCl nlolcculcs lit in a “flat” pnsitirm, 

iiyclrrgcii 11oiids of tile t>*pc --C: JO’ - - -H---O\C_ .1,,, forll, 

\&___H.. -_-& ‘ ’ 

Ilyclrogcn trcntnwnt at. high tcmipcrnturc on iilicrocryst~~lline carlmn surfaces. I33 
conilxving ;tclsorption clata. before and after Ii~drogcn treatnicnt, it can he conclucbxl 
tliat tlw treatment is very cffcctivc in h?dii~lg down tlic cnrlmi-osygcn surfacc 
conlples. This is ClCiLrlJJ clcnionstratccl 1.y tllc fact that the isotlicrins LHlCl IlNt- 

wvernge curves are rntllcr lmfouncll~~ i~ltC!WCl by tlic iiyclrogcn trcntmciit, ‘I’llc 
results rnaltc it cviclcnt tllat con~ldctcly wygc!n-free CX.lh~l surfmcs CRn I~ldW a.11 

iniportnnt contrilmtion to tlic study of the nclswption of liolar nwleculcs on liyclro- 
ldiobic substrates. Sucii :i study is inorc difficult to carry out when slightly oxiclizccl 
carbon surfwcs arc usccl. I II fact, as sl~own nlxwc, the continuous fall in hcnt of acl- 
sorption with increasing surface covcragc chcs not pamit correct thernioclynamic 
data nn the cncrgy of intcmction Idwccn an isolatccl polar molecule and a senii- 
infinite graphite lattice to lx obtainccl. Also, tlic cncrgy of Interal intcrnction for plur 
niolcculcs is scriously affcctccl by tlic lxwcnce of cvcn tract nniounts of swface 
o.xiclea. This stucly was rcstrictccl to adsorption in tlic region of low surface 
coverages; wc lxlievc, lir)m*ever, tllilt by cMxmling the rangc of surface coverngcs, 
rmrifccl cnrl~on surfaces woulcl nlw give prccisc information on tlyz contributinn of 
iderd intcrnctions to the nclsorptiot~ ~nncl’on the multi-layer builcl-up of polar 
cults on non-pdnr substrates. 
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