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SUMMARY 

Carbowax ZOM was coated on Chromosorb W, heat-treated at 280”. and ex- 
haustively extracted. The remaining support performed chromatographically in a 
manner similar to highly efficient, well deactivated gas-liquid chromatographic 
packings,.cven though the non-extractable polymer film was too thin to permit re- 
liable combustion analysis. This phase was well suited for the analysis of polar com- 
pounds, producing symmetric, sharp peaks with very short retention times. A strong 
surface cffcct was evident, which could be utilized for otherwise difficult separations. 

INTRODUCTION 

Some time ago, we attempted, in a sequel to our earlier studies on support- 
bonded siliconcsl, to combine the bonding abilities of silicones with the chromato- 
graphic properties of various polyethylene glycols, Typically, Carbowax 400 was 
reacted with an excess of methyltrichlorosilane, coated on to a suitably treated1 
Chromosorb support, the excess of silane removed under vacuum and the phase 
polymerized in a fluidized bed of humid nitrogen at elevated temperatures. 

There was evidence of limited success, e.g., this particular phase contained a 
few per cent of ignitable yet unextractable material, it showed low bleed at 250“ 
and it gave reasonably good gas chromatograms with hydrocarbon and alcohol test 
mixtures, (For comparison : Carbowax 400 alone has a recommenclecl maximum work- 
ing temperature of I00 ’ 2, and the polymer from metliyltrichlorosilane alone is very 
heat-stable but yields extremely poor chromatography3,) However, the “mixed” 
polymers finally did not quite measure up either to the support-boncled silicones or to 

’ Part of this reward1 is n contribution from tlic Missouri Agriculturnl Experiment Station, 
Journnl Scrics No. G565, supported by the Envirpnmcntnl Trncc Substnnces Ccntcr. by NSF 
Grant GP-18616, and by EPA Grant Ii-801050 ancl prcsontocl at the IUPAC International 
Congross on Annlytical Clicmistry, Ityoto, Jnpnn, April, 1972. . 
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the conventional I~olyetllylcnc glycols in chromatographic use, ancl tlic project was 
terminated. 

While it was still on to in progress, however, we stumbled on to an interesting 
phenomenon. Cliromosorb, which 11acl been coated with Carbowaxes and was sub- 
sequently heated to various temperatures. could not bc completely stripped of its ap- 
parent GLC capabilities by exhaustive extractions with tither methanol or benzene, 
The further investigation of this somewhat unexpcctcd effect is reportecl in this paper. 

EXPERIMENTAL 

Ptq5aratiora of the fiacki~g 
A diatomaceous earth support, in this study Chromosorb W or Celite 545, 

is acid-washed in a Soxhlct apparatus (I<ontes Model K-585100) with hyclrochloric 
acid at boiling temperature. This trcatnient is continued until new portions of I-ICI, 
hot or cold, remain free from yellow hue after several hours of estraction. Tile support 
is then washed to neutrality with distilled water, rinsed with acetone, dried and coated 
with 6% Carbowas zoM by the usual technique of rotary evaporation. Care is taken 
to ensure an even coating, similar to the preparation of GLC packings, The dried 
support is freed from fines with a stream of nitrogen and filled into a 40 cm x 3 cm 
1,D. Pyrex tube with Clearfit joints, connected to a supply of highly purified ni- 
trogen. The tube is placed into a furnace and swept with a fast stream of nitrogen at 
ambient tcmperaturc to ensure that all osygen has been purged from the support, 
Then the nitrogen stream is reduced to a minimum (the tube exit is connected to a 
capillary submerged in water such that a. slow succession of bubbles can be observ- 
ed) and the temperature raised within 3-4 II to the desired vnluc, usually 260-280°, 
This temperature is maintained overnight ancl in the morning the phase is allowed 
to cool under nitrogen, ready to be filled into glass or paper thimbles for exhaustive 
extraction, The standard procedure calls for the USC of methanol, for I-Z days in the 
Goldfisch, or 4 clays to I week in the Soxhlet cstractor. 

Portions of aII phases produced in this study were weighed, ignitecI (i.c., kept 
at 1000~ for 3 11 in air), and re-weighecl in order to establish tllc loss of organic poly- 
mer. “BIanlss” were subjcctecl to treatments rescml~ling as closely as possible those of 
the preparecl phases. The cstracted supports were rcpcatcdly sent to two commercial 
firms for elemental analysis, ncconipaniecl by notes of caution on the possible ab- 
sorption of water and CO2 by these materials. 

Otkcv ilzvestigatioas 
A large batch of Go/, Carhwnx zoM on Chromosorb was prepared ancl dividecl 

into portions, which were hat-treated at various temperatures to demonstrate therm- 
ally effected differences. 

In a special study, the separation of the butyl ester derivatives of citric acid 
and nitrilotriacetic acid scrvecl to dcnlonstrate the cllunges in resolution and reten- 
tion as the packing was producccl: first the regularly 1oacIccl phase, then the same phase 
after hat treatment, and finally the eshaustivclv extractecl packing, 

The Carbowas zoM obtained from extract’ing the heat-treated support was 
compared to the original Carbowax zoM by infrared spectroscopy and gel perme- 



The heat-treatments of Cwbnwas-caatcd Chromosorb, faflowd by cxhaustivc 
extrwtians, resulted in n series of effkicnt ~llr~~?~t~gr~~l~i~ psckings, As &own in 
Fig, f with examples sclccted from n large number of chramatograms, the cfficicncy 
inqwovod wit11 the tarnp~rattture of the troatmcnt up to 260 OF 280~; eat higher tcmpcr- 
ntures the Carbowas zoM spprently startccl to dcterioratc, Fig, 2 shows the chroma- 
tography of wdfcntws and dlcilnols in a more common *A, column. 

What hnppens in the l~~~~~tr~~trn~nt is by no means clew. One of sevcd pas- 
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cicrivccl from C$, Carbowax LO 31 on loo--120 mesh, acid-wnshcd Chromosorl~ \\I 11y hcnt-trcnt- 
mcnt at do0 rrncl cshnustivc extraction. 5 ft. x .I mm 1.13. Pyrex I:-tube, progr;rmmcd from .p 
to 18rP at G”/tnin, N, flow-r;ttc Go ml/min, Xlilcrotclc hIoclcl MT 220 with 1’113. 

siblc assumptions is that the high tcmpcraturc allows the polymer chains contacting 
the surface to rearrstnge pliysically (in competition with each other) to a minimum 
potential energy configuration. This configuration, i&ally, woulcl involve an optimal 
number of contact points and a stcric arrangement equivalent to masimal total inter- 
molecular bond strength lxdwcen a particular polymer chain and the silicic surface. 
The clifficulty in achieving this configuration increases with tlic cl:ain length of the 
polymer, as shown, for instance, by I<IsreI.Isv cl alq4 with polyctliylcnc glycols of clif- 
ferent moleculslr weights on carbon blttck. A “strctcliecl-out”, long polymer chain 
that has wriggled to 51 position involving a large number of (hydrogen ancl various 
types of Van cler Wads) bonds to the surface may 1x2 non-cxtractnblc cvcn in 
protractecl continuous cxtractioiis (compwe ref. 5). 

In any c~sc, if one consiclcrs the cliromatogrrtpliic cnpal~ilitics of the pack- 
ing, it is obvious that some Carl~owax must have remained. on the Cliromosorl~. We 
were not nble to remove this resicluc by weeks of continuous extraction with methanol 
and/or benzene in Soxhlct or Colclfisch equipment. 

Carbowas 2oM cliffers from other polyethylene glycols-Union Carbicle clc- 



UNISS1’KCTE.D I3ISWAVlOR 01’ A COBIhlON (;(: PHASE 303 

scribes it as fc~llows: “P:‘olyctl~ylcnc Glycol Compound zoR1 has a molecular weight of 
Igloo0 to 20,000. It is prepared by joining together two 7,500 molecular weight alpha- 
Ilyclro-omega-hydroxy-poly(oxyctllylene) molecules with a diepoxide”“. “It is non- 
Ilygroscopic and somewhat more flcsible than the other solid polycthylcne glycols’“, 
hrtller information appears to lx proprietary and non-acccssiblc. Whether tlicrc! 
esists a significant influcncc of the dicposide moictv on cliromatograpliic performance 
has not been ascertained; however, some caution -in comparing Cnrbowns ZOM with 
some of the other, well charactcrizcd polycthylcne glycolsR may be in order. 

Other polyethylene glycols of various molecular \vciglits, purchased from clif- 
fcrcnt suppliers, gave effects similar to tliosc obtained from Carbowas zohl, although 
tlic latter remained the material of clioicc. Polymers of Iiiglicr molecular weight wcrc 
gcncrnlly prcfcrnblc, possibly Ixxausc higher tcmpcraturcs could be used in tllc 
heat-treatment, 

Wl~cthcr tile cl1ronlatogra~~l1icnlly acti\*c lnycr is still iclcntical with Carbowas 
zoN in structure (although not in Ixlinvior) lins not been clctcrminccl. However, II< 
and gel pcrmcntion chromatographic amtlysis of materials cxtractcd showed no clif- 
fercncc to the original Carbowas zoR’1, TIE effects of the Iicnt-treatment can bc 
noticed in Fig. I to occur much below the recnn~menclccl maximum G1.C temperature 
of 250°, l’iicsc finclings suggest that no gross cliemicnl changes have taken place. It 
is also unliltcly that our inability to remove the polymer completely from the sup- 
port was due to a condensation reaction l)et\vcen surface silanol groups and terminal 
polymer I~yclrosyl groups (similar to I-lr\r.Asz AND Slrl3Esrh\N’s brusliesD or other 
condensation products of alcohols and silicic materials (for a rcvicw, WC ref. IO), 
since long-term ospsurc to Iwiling methanol was involved in tlic cstraction. 

Now thick the polymer Iaycr is, which remains after the cstraction is a most 
intriguing question, We think of’ it as nominally monomolecular, with no lwecisc 
cvidcnce to corroborate the claim. Our OWII ignition analysts indicated various loads, 
usually smaller than o.z(~,. l’lic commcrcinl elcmcntnl analyses g’nvc similarly ambig- 
uous results. A special quaclruplicntc analysis of WC batch, pcrformcd with special 
precautions against CO, and. Hn_O alx+orption, gave cnrb,on values of 0.15, 0.12, o,oo 
ancl 0.03% (Pciiinsular Clicmical Rcscarcl~, Inc., Gaincsvillc, Ik., USA.). A mc~ncl- 
layer calculatccl from tllc Van dcr Waals dimensions of the mwlomer unit4 woulcl 
represent a o.oGo/o 10~~1. 

Both mcthocls, ignitinn ancl clcmcntal analysis, arc apparently working at their 
lower limits. Eitlicr thy woulcl linvc to bc aclaptccl to the particular rcquircments of 
these samples, or supports with larger surface arcas woulcl have to be usecl in order to 
dcfinc closer tlic actual polymer load. Isvcn if this number were known. tlierc arc 
ncvcral reasons why it wc~~lcl bc difficult to arrive at a valid conclusion about the 
thickness of the layer. First, tllc surface arca of the support usecl is 1.3 m”/.g (hlicro- 
mcritics Instrument Corp., Norcross, Ga,, U.S,A.). This value corresponds to B,E.T. 
aclsorption of nitrogen, :uicl not all of tlic surface thus measured may be nccessil~lc 
to the pc~lyrncr, 

Seconcl, tlic use of hulk clcnsity for tlic calculation of thin-film thickness is 
Ilardly pcrmissiblc. In l~ulk, polyethylene glycol chains form hclices, with osygen 
atoms pointccl toward the nsis and mctl~ylcne groups at. the periphery (theoretical 
density 1.33 at zoo), with numerous voids between them. (Z’or i1 comprehensive dis- 
cussion of I,z-epsicle polymers, set ref, II). In a “~iio~io~iiolecular” film, however, 
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one could espect to lind the osygcn atoms extended toward tlic diatom surface, for 
niasirnal interaction. In this state, bulk properties are obviously of little value. For 
instance, the melting-points of “thin” films of liquids on cllroniatograpliic supports 
are different from those of “tlliclc” fihP, niicl so, one assumes, would be tlleir “den- 
sitics”, not to mention their cliroinatograpllic behaviors. 

Tl~ircl, a polymer molecule may be aclsorbed on to tile surface only for a cer- 
tain average chain length, the remainder participating in a scconcl or third layer. 
When tlic material is usecl in liquid cllromatogral>ll.~, this rernaincler might simply 
bc sticking out with various clcgrecs of coiling, clcpcncling on tlic nature of tlic nlobilc 
phase. 

One coulcl expand on scvcral other aspccts of uncertainty in tile calculation of 
dimensions at adsorbent-polymer-gas interfaces, cvcn lcaving aside tile ohvious prob- 
lem of inhoniogcneous polynlcr clistribution on tlic macro- or micro-structure of the 
adsorbent particles. Our best estiinatc, at the rnonient. is that the thickness of tile 
polymer layers is lower than 15 A. This value presumes cl~roniatograpl~y which 
is strongly influencccl by tlic solid supllort, Literature values vary, but one generally 
assunles that a liquid phase thickness of 30 A represents a limit of sorts below which 
the influence of the support can become evident through a rise in retention time and 
an increase in peals broadness and asymmetry l:I. Our packings do show a strong in- 
fluence of the support (or perhaps the oriented first layer bf Carbowax zo&I), but 
most of the conqx~uncls tested, including polar compounds, yield sharp, symmetrical 
peaks. 

7.71~ esperimental section clcscribcs the synthesis using a 6% original load, The 
same proccdurc has been used with 1% and 0.5% original loads ancl the results were 

cn, orl9inal Iad 0.5% orl9lnel load 

pig. 3, Ggr~ chromatography of’ ),-butyl cater clcriv:rtivcs of’ nitrilotrincotic mtl citric i~icls*~ on 
hc&t~trciltccl pnclting; L&i: Gr” ,” original load, cxtrnctctl ; right: 0,5% Origil~al IOilCl, 11011 L’X- 
trnctctl. Cnrbownx zoM on Chromosorb CL’, IOO--120 mesh. 5 ft. x 4 mm 1.1). I’yrcx U-tabc, ISJO 
isotltcrmnl, Ns flow-rate Go ml/niin, Mikrotclc iblo~lcl MT 220 with FID, 
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coniparablc, Fig. 3 shows the chromatography of the vz-butyl cstcrs of citric and ni- 
trilotriacetic acids, a difficult but important cliromatograpliic separation, on extract- 
ed support dcrivcd from 6% and non-extracted support from 0,5O/” original loads of 
Carbowax zoM. 

The separation of these two acid derivatives is not due to tlic bulk properties 
of Cnrhowax zoM, i.c., to its role as a common liquid phase, This is pointed out by Fig. 
4, in which the same separation is shown along.tlic path of synthesis: before Ileat- 
treatment, after heat-treatment and after extraction. Both isothermal and programm- 
ed runs are shown in this example, which also illustrntcs the consiclcrablc clecreasc 
in retention time/temperature. 

Ji llolhtrrmlol rn - ,L , \ , IY 

(b) 

m 100 IO m Ia 
I I I I IO Ia I I I 110 Iel II0 IIn 

Before hWt-tredIW3nl,5.8% lbad After heat-treatment,48 lwd After extraction 

Pig, .I, Inotlicrmnl nncl tc!mpcr;rturc-l)ro~rarn11iccl scparntions of the jr-lmtpl cstcr tlcrivrrtivw of 
nitrilotrincctic irntl citric acicls, on plinacs rcprcncntilti\~c of tlio Sti\#Zi of pzdting preparation. All 
in 5,s ft. x 4 mm 1.13. Pyrex columns, nitrogen llow-riltc itpprox. tie ml/min, ivIikrotolc ?vlotlcl MI’- 
220 with PID. Packings nrc (n) 5481;/o (by ignition) CiWbUtVitX ?obI on Chromosorb \V, acid-waaliccl, 
IOO--120 mash: (11) swnc as (a), but hcnt-trcatccl overnight nt 280’ unclcr nitrogen. 4.8%, loetl by 
ignition tlnnlysis. (c) s:~mc ns (b), but cxllaustivcly cxt.ri\ctccl with methanol. Uncertain low1 
(-0 r‘;:,) I I 

Tlic separation is apparently due to the surface, s 7hout which we know ver) 
little, One could tlicorixc that tlic chroniatograms shown in Figs. 1-4 arise from 
adsorption equilibria on an “idcal” or “homogeneous” surface, i,e., one where ad- 
hcsion operates within a small range of bond strengths. Using the concept of gas- 
solid cl~roniatograpliy on a “monomolecular” layer appears to be possible once the 
layer thickness is comparable to the range of surface forces. On the other hand, 
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l;igs. 1-3 conform better to the mcntul iniagc one 11~ of gaS-liquid rather than of 
gas-solid cliromatogrnpl~y. 

There is no doubt that otlicr workers must have observed at least part of tlie 
described cllronlatograpllic, if not estractivc, cffccts, To wit, the familiar “no-flow 
conditioning” of packed columns for Gl,C is similar to our hat-treatment. Various 
polar Substances, inclucling polymers, havc oftcn Iwen added to stationary liquid 
pleases in order to reduce solute decomposition or peak asymmetry (c,g,, ref. 14). 
l’olycthylcncz glycol served this purpose (q., rcfs. 13 and rg), aniong other appli- 
cations to produce “n1onolayers” on activated carbon for gas-solid cl1roniatograpl1ic 
studiesJ. A t-arieti* of other polar substitl1ccs can lw coated 011 to aclsorbcnts, eitllcr 
froni solution or iron, the gas pl~w2 , as discussed in ;\. rcvicw of molccuhr adsorption 
cliromntogral~liy by KISI:,LIPV~~~. UIC very successful use of vnlxq~l1asc clcposition 
of polyether-type material for tlw iniprovcment of coluinii pCrforliiimcc in GIX 
lias been clcscrilxcl by IvIrs AxI.) (;IIJI:~w~~~. ~110 usccl the blcccl c~riginnting from 
Carbowas zohl for deactivating Coi1tCCl Cl~romosorl~ \V, 

Even in tllc light of tile litcraturc citccl iI,b(JvC, plus gclIWil1 knowlcclgc on clwmi- 
sorption, plus current concepts 011 the nclliesion of long-chin plymcrs, the clw,rzw 
teristics of the clcvcloped phase arc still surprising. Fir&, it has been impossible to 
cstract the “iiicJnomoleculnr” polymer IilyCr from tlic Clnwmosorl~, even under veq 
trying cunclitions. .%cc~~~cl, tlio remaining pl1nsc Ilad unusually good gas cl1romato- 
graphic propcrtics- not only low blcccl, short retention times and lligh selectivit)* 
(wllicll could IMVC been expchtxl), but ills0 csccllcnt l’cak syrnrnctry ~IIC~ rcnolution 
of 11igl1ly polrw compounds. It differs distinctly, in tllis respect, from other rcportccl 
clironiatogral~liies on monolnycrs. ,.-. 

Qhtever the processcsor nicclxuiisms inay lx, which arc! qwntivc in tlic! prep- 
ration and cliroiiiatog’ral’llic use of this phase, its pculiar propcrtics make it rtppeiW 
interesting in Several respects. l’hc i~llil.lytiCXl application of this packing in gas 
cliro~~iatoffral~l~y is uncloul~tcclly the most obvious, but it is also lilccly that the pl~asc 
can serve as a. highly clcactivatcd support for otlwr stationary liquid plinscs. W11cn 

coatecl on diffcrcnt porous particles, tllcsc u11estr:lxtitblc polymer layers could con- 
ccivably serve either to denctivibtc rigid gels or to modify adsorbent surfaces in two 
tccliniqucs of liydtl cllromnto~ml~ll~. Finally, it slioulcl 1x2 interesting to use this or 
a. siniilar phase as an “iclenl” surface in tlw study of intcrfwc! plicno~~-~cna. 

Wc are grateful to J. 81, AUcx for his lucid CSlhWtionS of polywr aclhcsion, 
and to J. J, STIZATTA for his help in obtaining non-l’rol’rictor3’ informntion 011 Union 
CiWl1ide’s Cnrbowas 20X1 conipounrl. 






