
Orfiaiio-sul~stitutcd pol~*~ilosniics nrc \vidc!l>* USkd LlS Stil_tiOll1LI’>’ I3ll:MCS ill 

gw-lic]uiCl ~l1rc~lll~~tc~~I~;~l’1l~. Hovx~~C~r, little ill-fornlatiotl about strwture, cllclllic-al 
c:onlpositicm, ~i~olcc~ilar weigllt clistrilmtion, ancl clicmiical and tl~crnia.1 stal~ilit~* 
of tlic mnirnonl~* used silicone stutionnr~* 1~1~;~s~~ 11;~s lxxn pro~*iclccl. 

Pol>*( Iiietliyl-3,3,3-trifuori~l~rol~~l)silosaue?; (‘l’l;PhI) ((:.g., Ql;-I: or I+?+-IzOfj, 

O\‘-210, El.llCl SI’-2_COI) llEl,\‘C! l>CCll ~l.111011~ tllc IllOSt ~)O~~UliLl~ siIic9mc StiltiOllXl’j 

plmses. ‘I’l~2 usi! cd tllcsc mntcrials for tlic! gas c.li~onirLtc,~r~il~liic il,lliLlJ’SiS Of .stcroicls, 

pesticiclcs, mcl a nklc \*aric:ty of otllcr matwials is \vcll cloc~unicntccl iii tllc 

puL~lislwc1 litcraturc?. ‘l’licsc nintcrinls nla)* all 1x2 rcprw3~tccl 1,)’ tllc gc!nci’al fOl’lllUliL: 

F3 

[ 

$1 t .J-C’T~.12-C’l~:, 

1 

Y:, 
Cl-T:c -Ti-0- Ti-( I- -.yi-Cl-I:, 

Cl%, Cl-I,, ,I (:I& 

tllat is, il trinictllylsilyl ciid l~lcxA;ed ~~ol~(mctll~l-3,3,3-trif~norn~~r~:~~~~~~)silosatie. 
Altl1ougl1 OV-, 310 ancl QF-I have been widely used, tlmrc liavc! been two 

con1111011 coniplaitits associatccl with their use as statioiinr~* plows, lht, cwlunin 
paclii1lgs usin[r OI’-, -10 or Ql:-r g:c~m~nlly do not produce columns of high eflic~icncy; 
500 theorcticr~l plates per foot for n pxlced colunin liiw been coiisidwccl good 
efficielicy. Secondly, tlic inability to reproduce retention prnmctcrs and colunin 
efficiency from one batch of pac.l;ing to anotllcr lms been a cmInlon minplaint. 

A p0ly(nictliyl-3,3,3-trifluoroprop~l)silosane stationary pllasc (SP-2401) that 
produces colun~n packings of signiiicnntly higher eficiency tllm OV-ZIO and QF-I 
llas bee11 introduced, Sk-foot colu~nns giving efliciencics of Yoo theoretical plates per 
foot for cholesteml nncl roqo theoretical plates per foot for nia.nnitol have been 
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clcscrilxd in advert ising litcraturc*. Tl1c sec011c1 pr01,1c111, tl1nt of hing able to 

reprduc-c co1~11ll1l lmcl;iligs, ma.\. result I’rmi dccoml~c~sition of tile statiomq* plmse 
in solution. 

In most situations, tlic nmjcw suppliers of clironlntogr~~l~lly matcrinls 11nve 
rcco~~~~nc~idccl accdxmc as tllc solx.ent ol choice for these stationary phases. It is 
in little li~lc.nv~l fact tliat acetone is an escellent promoter of tlic decomposition of 
tllese materials. Tl~c! dcwniposition products arc of low enougll nioleculnr xvcigllt to 
be readily eluted from tlic gas cliroiilnttrgrnpllic column. TIE use of soft glass 
c0iitaincr.s to store acctoiie solutions of these niatcrials furtllcr proiiiotcs tliis 
decomposition. 

To d~111011StlXtC5 tliis clccm1lx)sitkm, j v.0 (\vcigllt/volumc) solutions of O\:-210, 
Ql;-I, and SP-2_p.1 in acetone ivero l>repilrcd. Portions of eacll of tllcsc solutions 
tverc stored for \*arious time increments in glass bottles and polyctl@mc bottles. 
Portions of tllese solutions stabilized Fvitll Dwves 5011’ ion-esclmngc resin were 
stored in glil,SS lmttlcs for l*arious lengtlls of time to study the decomposition rntc 
of stabilized acetone solutions. 

Several other solvent systems were considered. Chloroform, carbon tetrn- 
cllloride, and diclll(~rornetllane were not founcl to be satisfactory solvents; these 
solvents eitllcr do not rcadil>. dissol\*e TFPM or else give very cloudy solbtions. 
Tetrallydrofuran (TNF) and etllyl acetate solutions (5 , O{, weight/volunie) of QF-1 
and SP-q.01 stored in glass bottles Lvere also studied. 

Tile data presentccl in tllis study were obtained using a Model zoo gel perme- 
atim cllromntograpli (\Yaters Asswiates, Inc., Iiraniingliam., Mass,, USA.). Stainless 
steel columns, 4 ft. S 318 in. 
3 s I’o” A, I.5 Y 105 A, I ?; 

O.D,, packed with Styragel@ of stated porosities 
10~ A, I x x03 A, and 5 s IO? A were lleld at 25”. 

A TI-II; How-rate of I ml,hin and diffcrcntinl refractonwter detector were employed. 
The cllrornatogrnphic system was calibrnted using well-clmx.ctcrized fractions of 
Tl;PW. Peak masinlum elution volume (count number) for each standard tms 
related to molecular wcigllt using ;L scnli-log:aritl~nlic plot. 13ecause of tile non- 
linear relationship, St~l.llCli~lYlS covering the entire niolcculm weight range of interest 
must be used. 

Fig, r shows gel pctmeation clironintogr,znis for 5 I,‘:, (weiglit/voluine) solutions 
of QF-r (FS-r265), OV-zro, and SP-2401 in acetone for t = o; that is, the samples 
were dissolved in acetone and injected itmneclintely into the GPC. Fig. 2 sllows 

tlie clm~iiiatogran~s for tlie sanie three solutions following storage in c?. glass bottle 
for 4 11, The chronm.togrnnl for QI;-I slmws a peak at 350-1200 nzolecular weight 
units for the decomposition products of the polymer. I;roni this clironmtograni 
it is obvious that one cannot store QX;-r/acetone solutions in glass bottles for even 
short periods of time without destroying a significant amount of the polymer. The 
cl~ronm.togrmm for OV-210 and W-2401 also show peaks in the region of 350-1200 
molecular weight units. Conqmrison of p&k nzasinm and peak shapes of the QF-1 
chromatogran~s in Figs. I and z indicates that the higher molecular weight cmn- 
ponents undergo decomposition at a faster rate than do the lower molecular weight 
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conlponents. Tllis sliift in pwl; nit~siniun~ 1iia.y also lx rcaclily oixcrvcd in Fig. 3; 
tlie cl~romatogrnmr;~~ii~ sliown in this ligurc illustrate the decomposition of O\‘-210 
(in acetone solution) with time. One muld not eslxxt to product n ~cq* good columt~ 
if the stationary phase was dissolwd one day nncl contecl onto tile support the 
following day. 

Fig. _c sl~ows plots of pcrccmt unadjusted pcm.1~ area attrilmtcd to tile parent 
fluid w~sm time for tile three plinses. None of thcsc stat ionaq*-plmse solutions 
may lx? stored in a glass container over tllc wccltencl without significant decomposition 
of the polymer. 

The surface of tile glass container provides c?. catalyst for this dec~,lnl’“sition. 
Fig. 5 illustrntes that 5 o/i, acetone solutions of OV-210 and SP-2401 may 11e stored 
in polyethylene containers for up to two weeks without significant polymer decom- 
I)osition. The OV-2.10 does show a. small peak in tlw 350-1200 nlolecular weight 
range for the decomposition products. No measurable amount of decomposition 
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0% SP-2401 could 1x2 obscrvecl. In confrast, QF-I solutions could not lx stored in 
polyetllylenc bottles Ear 24 II without: significanC decomposition occurring. These 
results mostz lilqelv reflect tile e_llforts ok tile manufa.cturcrs of OV-zxo and SP-2401 
to relllove residual amount:-; of catalyst: from these materials. Tllat OV-210 decom- 
poses in acetone solutim sliglitlj? faster than SP-2401 Illas’ be clue lo tile difference 
in molecular \veiglils of the two materials. 
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I?&. 3, Gel ~wrnwation chronw.togranx of 5 74 OV-zIo/acctonc solution; t! I 4-, S-, 2uld 1-4-h 
storugc in a glass bottle. 

Fig, 4, Semi-lognritlm’lic plot of lxzrcent unndj usted pealc arm attributccl to parent polynmr 
DL’ysIIs tinm for 57& acctollc solutions Of Ql?-I, <IV-210, iLllt1 SI?-2401. 

STABILIZATION 01: TlVM SOLUTIONS 

Basically, there are two avenues of approach to prevent this decomposition 
of ‘l3?PM stationq~ phases in solution, wk. (a) to eliminate the catalysts and (b) 
to use a. solvent that does not promote this decomposition. 

The effects of the catalyst (residual catxlyst from manufacture and the glass 
surface of the bottle or beaker) may be significantly reduced by keeping the TFPM/ 
acetone solution in contact: with Dowes SOW, a strongly acidic cation-eschange 
resin. Fig. 6 shows a gel permeation chromcztogram for a QF-I/acetone solution 

J. Chvoartalogr., 70 (rg72) SI-S6 
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stored in a glass bottle for four weeks. This solution was stabilized by adding tile 
ion-exchange resin while the QF- I WIB being dissolved: the amount of ion-eschange 
resin used in tllis experiment ~vas 75 ?;, the weight of tllc Tl;I’ilI polymer. No peals 
representing decomposition products in the range of 350-12oo molecular weight 
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units is observed. W-2401 and OV-210 acetone solutions may be stored in glass 
containers in a similar manner. Solutions stabilized wit11 lesser amounts of resins 
(I %, IO O/“, and 50 o/o) were studied; these solutions showed good stability for one 
to two weeks, but decomposition products appeared in the chromntograms of the 
solutions stored for longer periods of time. 

The rate of decomposition of the TFPM stationary pleases in solution may 
be significantly reduced by using a solvent that is a poorer promoter than acetone. 
Two common solvents, THF, b.p. ~!5”, and ethyl acetate, b.p. =77”, offer good 
alternatives to acetone. Fig. 7 shows the cliromatogranis for 5 % solutions of QF-r 
and W-2401 in THF that had been staled in glass bottles for five days. QF-I shows 
a small peak for some decomposition products; no decomposition products are 
observed for SP-2401. Fig. S illustrates the chromatograms for 5 y. QF-I and 

J. Chromatugr~., 70 (1972) Yr-SG 
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SP-2q.01 ethyl acetate solutions that have been stored in glass bottles for live clays; 
no decon~positkm products cm be observed for eitlier stationary phase. 

Thus, ethyl metate nppeaw to be a good alternative to acetone. If TI-Il; is 
usecl, ]lowever, care sllould be taken to ensure that tile THIT does not contain 
impurities ; additives cc-m~mml~- added to stabilize THI; can leave a residue on the 
packing. 
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Fjg. 7. Gel pcrmcmtion chromnto~rams of .j y. QL7-l ;LIIC~ SP-2.l.o r/TI-11” solutions; 1 = 5-day 

storage iii glass bottles. 

Fig. Y. CM licrmmtion chrom:tto~rams of j “/6 C, )I:-1 md SP-240r/utl1yl ncctatc woltltiom; t = J-clny 

storngc in glnss bottles. 

SUMMARY 017 CONCLUSIONS 

The solution decomposition of (217-1, OV-zro, and SP-2401 is promoted by 
acetone, THlT and ethyl acetate are suitable solvents for these materials and do 
not promote the decomposition as readily as acetone, - ethyl acetate is recommended, 

The decomposition of QIT-x in acetone solution is catalyzed by residual catalyst 
in the polymer and by the glass surface of the container; SP-2401 and OV-210 
decomposition in acetone solution is catalyzed by the glass surface of the container, 
Acetone solutions of these materials may be stabilized for storage of at least one 
month by addition of a strong acid ion-exchange resin such as Dowex SOW; an 
amount of resin equal to 0.75 times the weight of the polymer is recommended. 
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