
COLUMN PI-IENOMENA IN TI-11% GAS-LIQUID CHROMATOGRAPHY 

OI’ METAL /%DIIWl.O?kATES 

Results of studies dcfming the partiticxiing and non-ccluilil~riulll pl~c~io~mna 
olxcrvccl when miscd-ligancl compleses of the lantl~anicles are gas chromatograplled 
nrc rcportccl. An equation describing the retention volume of the mixed-ligancl com- 
plcses is presented in which adsorption at tllc liquict and solid surfaces and solid- 
liquid interface arc accounted for. Uulls liquid partitioning ratios and solid nclsorption 
coefficients arc cvaluntccl. The nature of column loacling mcl clisplaccment is reportecl 
to bc liquicl phase depenclcnt as well as clcpcnclcnt upon the complex itself. 

Since tlic initial report of tlie gas cliromatograpliy of metal /?-clikctonrttes in 
19G3l, worlccrs in the area have reportecl many non-iclcsl colunm plicnonic~in. Frequent 
chscrvntions of column “loading” nncl tlic clisplaccnicnt~-8 of previously stucliccl 
coniplcscs llnve lxxn rcpr)rtecl. The peak shape of the elutccl spccics is commonly 
:+mmetrical ancl the HISTP realized is much lower than that found in studies of 
organic compounds of compcunl~lc volatility. This non-iclcal column performance has 
been the limiting factor to the clcvclopmcnt of quantitntivc metllocls by gas-liquid 
clmmiatograpliy (GLC). Quantitative nictllocls for only the cstremcly volntilc bcryl- 
lium-‘ITAD, inert cl~ran~ium-T1~A~“, ancl misccl-ligancl co1~~p1cses of uranium nnd 
thorium11 ancl tllc lanthanides ‘2 having been successfully dcvelopecl. The nature of 
the partitioning of mct:il clielatcs on GLC columns has been studied by VISENING 
ANI) 1-IuIw1z(’ a11cl SIIxI~ . ‘, They have reported the retention volume, ~/IQ, to be a 
function of partitioning of tlx metal chclatcs with the liquid phnsc, ICI/I,, ancl ;1. 
function of aclsorption by tllc solicl support, ksr18. UDEN AND ~ENICINSH have suggested 
_..-Y 

l I~rcscnt :icltlrces: ~lc?\VlCtt-l’ilcl~irrct Con~lxlny, AvoncItrIc LXviwion, Route qr and Starr 
ROiUl, Avonclalc, Pa. r93 I I, IJ.W.Ao Author to whom corrcspontlcrlco aliotlld bc sent, 
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that displaccmcnt phcnomcna wcrc also a result of interaction with tlic solid surface; 
howcvcr, precise espcrimcntal evidence was not prcscntcd to support this conclusion. 

Earlier we rcportccl*~ improved success in GLC of P_diketonates by varying 
liquicl phase composition imcl percentages. This paper describes the nature of par- 
titioning of miscd-ligand complcses of tlic Izmtlianicles with various liquid phases 
and cluciclntes the nnturc of the non-ichl pllenomcna observed. 

ESPl?RIBIISNTr\l. 

A Hcwlctt-Pnclsnrd hIotlc1 5750-B gas cllronlrttograph ecluippccl with a flame 
ionization clctector (FID) WLP usccl for all column stuclics, TllC cllron~ntogmnls wcrc 
rccorclccl with a I-lc\vlctt-Packart1~rcl Node1 712&A strip chart recorclcr. The following 
instruniental operating conditions were used in tlio stuclics: coluiiins were stainless 
steel, 20 x 0.25 in. O.D., tempcmturc, 200”; helium carrier flow-rate, 50 ml/min ; 
pressures, air, 33 p.s.i.g., liyclrogcn, S p.s.i,g,; tcmpcraturcs, injection port, zSo”, 
ND, zgo”. Fluorcscencc clnta were obtained using an Aminco-Bowman spectro- 
pliotofluorimetcr quip@ with n R’losely S-Y recorder. 

Chromosorb W-HP, 100-120 mesh, Cllromosorb P, IOO--120 mesh, ancl silanizcd 
glass beads, 100-120 mesh, were used as solid supports tllrougllout the studies. TIw 
liquid. phases SE-30, QF-I, and Dcssil 300 CC were all obtainecl from Analabs, Inc. 

The ligancl 1,1,1,z,2,~,G,7,7,7-clcc~~fluoro-3,5-lle~~t~neclione (I-I(FHD)) was prc- 
pared in our laboratory as previously rcportcd 12. Di-?+butvlsulfoxicle (DBSO) was I 
obtninccl from Aldrich Clicmical Co. nncl was usecl nftcr recrystallixation from low- 
boiling petroleum ether. Rnrc cart11 asides of ~JCJ.CJ~/~ purity wcrc prcparcd by ion- 
eschnnge chromatqyapliy nt this Inboratory, All otlicr chemicals wcrc reagent grade 
or better, 

Stainless-wtccl colunins used ivcrc prcpa.rccl from laboratory stock stainlcss- 
steel tubing. Glass columns wcrc l)rcpnrccl from Pyres, borosilicatc glass tubing. 

The column packing was prepared by placing 5 g of dry solid support in a 
2 x IO-in. cylinclrical tube fitted wit11 ;I. glass frit. A solution of liquid phase in twice 
the wetting volume of the support, was pourecl into the tube and mixed with the 
support. The cscess solute was clrainccl from the support through a stopcock below 
the glass frit. Filtcrccl air was tllcn passccl through the packing while licat was appliccl 
by infrared lzmips, 

All columns were wasliccl with nictliylene chloriclc, acetone, and etlianol, awl 
air-dried hefore packing. ‘I’lic clriccl column packing as prcparccl above, was then 
pourecl into the columns and compactecl by agitation from a Burgess Vibro-graver. 

The columns, with tllc esccption of the Dcssil 300 GC columns, were conditionecl 
at 50” below mnsimum qernting tempcrnture for the particular liquid phase, for 
I 11 without flow, and then 3-5 11 with a helium flow of 50 ml/min. The Dessil 300 GC 
columns were conditionecl for I 11 at 250” without flow, then the tempcraturc was 
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programmed to 350” at 4”/min and 11cld at 350” for 5 II with 8 helium flow of 50 ml/ 
min. 

Idi.m!i~cc~tiom of spccics 
Samples wcrc collcctecl, 8s eluted from the gas cl~ronxxtc~gr~pll, in glass collection 

traps in which n ball of glass wool had been placed. The collection traps were placecl 
at the csit cncl of the column and air-coolccl to room temperature, The collcctecl 
samples were then washecl from the trap with a solvent suitable for subsequent 
analysis. 

Mixed-ligancl conipleses of tlic lantlianiclcs were prcparccl in cyclolxasne so- 
lution by solvent extraction from rare earth chloride by tl;e 
AND FRITZ~~. Equilibrium was established by shaking for 30 
action shaker. After ccluilibrntion samples were withdrawn 
pliasc by syringe ancl injected into the gas cl~roniatograph. 

proceclunz of BUXETT 

min on a Burrel wrist 
from tlic cyclolicxane 

RI~SULTS AND IJISCUSSION 

Pnvtitio7~i~tg of rrtctnl-~nixcrl-ti~~,~l~ co~~ufihxcs 
The basic equation for’ partitioning in GLC has been clcvelopecl through an 

cstcnsion of distribution tllcory for solute clistribution bctwccn two phases in cqui- 
lilxium, and can be writtcnl”: 

VR”Q = KVr, (1) 

where VI@ is the corrected rctcntion volume per gram of packing, IC is the partition 
cocfficicnt for the solute in tlic liquid phase, ancl V/I, is the volume of the liquicl phase 
per gram of packing. 

For years this equation was acceptccl as adequately defining the retention 
volume obscrvccl, Rcccntly *4~1G other contributions such as adsorption at the solicl 
surface icnd adsorption on tllc liquid surface, h.vc been founcl to play an important 
pnrt in determining rctcntion volume. By inclucling all terms known to be potential 
contributors to the rctcntion of iL solute on a. GLC column, the resultant general 
equation Woulcl iLppCU nS fOlloWS : 

T/f<“0 = I\ V, i- lwl I, -I- kaA 8 + /<nVo (4 

where Z\‘Vf, represents tlic contribution to rctcntion from partitioning of the solute 
between the gas and tllc liquid phase; &AZ, represents the contribution to retention 
from aclsorption of solute on the surface of tlic liquid pliasc; ?&A, represents the 
contribution to rctcntion from adsorption of the solute on the bare support: /z,V,, 
represents the contribution of solute interaction with the liquicl phase either at the 
solid-liquid intcrfacc or at highly oricntccl lnycrs or both. Which terms predominate 
is depenclcnt 011 the system stucliccl and tllc experimental conclitions. 

VDENINC~ AND NUDISI~~ lmvc rcportcd the partition ratio, k, to be a function 
of the phase ratio, q, for cliffcrent chelates, as shown in the following equation #’ 

A! = K9 (3) 
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wlicrc I\: is the partition coellicicnt , and q is the phase ratio or ratio of the volunw of 
tlic liquid l>liasc to tlic gas volunic of tlie column. 

ISspcrinicntnll~~ tlic partition ratio can 1~ easily obtained according to tlic 
following quiltion 

(4) 

where lr is tlw retention time of tlw solute in minutes, and &,, is the retention time 
of an unrctaincd wlutc surli as air or nictlinne in minutes. 

The pliasjc ratio is rclntcd to tlic wciglit of tlic liquid pliasc by ;L constant, 
(densit>* of liquid plmsc x gas v~~luiiic!)-~~. 

To bc suitable for USC in (;J,C dctcrniination of tlie lantlmnides, tlic liquid 
phase must possess a liigll tliernml stability. This rcquircmcnt of high tlicrnial 
stability cliniiiiatcs all hut a few of tlie currently nvailablc liquid pliases, Tlic phases 
usccl for this study n’cre SE-30, a l~olysilo.wnc liquid. with incthyl substitucnts, 
Ql:-I, it ~mlysilosunc liquid with iiictllyl and I,r,I-tri~uoroprol~yl substitucnts, and 
Dcssil 300 CX. a c;~rlmr;m~ cage ccmq~m~~cl, cross linlscd ly nietliyl substitutecl 
pOl~S;ilOSiLIlC cllnins. 

To clctcrniinc tlic pwtition ratio, A, for tllc laiitlianidcs with each lhasc a 
series of ten colunins of 20 x 0.25 in. O,D, stninlcss steel was prcpnrccl. Tlic paclcing 
US;ccl riLll~eC1 from 6 to 25”/” W/W liquid plia.Sc. TIE partition ratio was dctcrniinccl 
using ccp 4 and plotted vcm~s tlic weight of liquicl phase in the column. The mised- 
ligand con~l~lcs of tcrlhm wit11 I-I(lWD) nnd DBSO wz~s sclcctcd for stucly for tllrec 
rcnsons : (i) tlic comlhs fluoresces intcnscly, so clucnts can bc iclcntificcl: (ii) tcrbiuni 
lie-s in the n~iclcllc of tlw lnntl~anicle series, so its column behavior should be intcr- 
niccliatc lmtwcen the estrcmely volatile ancl less volatile liniits; mid (iii) the niisecl- 
ligaiicl conil~les has lxcn cpantitativcl~* cllromntograpllecl lg. TIE GIX conditions of 
carrier flow, detector tempcraturc, and colum~i tctnpcra.turc tverc all 1~21~1 constnnt 
at 50 rnl/min helium, 290~ l;ID, ancl 2oo’, rcspcctivcly. Mcthanc WLS used to dc- 
tcrmlnc tllC vZllUe Of trr,. 

Fig, I lwescnts tlic piwtition ratio for tlic tcrl+_itii conil~lcs as ;L function of tlic 
wcigllt of liquicl pl~asc prcscnt for SE-30, Q~:-I, ancl Dcssil 300 GC colun~ns. TIE 
lincnr variation of partition ratio with tllc iLmou]lt of liquid pllasc indicates that gns- 
liquid partitioning is wcurriiig IMwccn the inisccl-lignncl co~iiplcscs nncl the liquid 
pl~.scs used. l’hc similarity in partitioning olmxwxl with Dcssil 300 CC ancl SE-30 
is n result: of tile sinhrity in lmlaritJ* of the two plmscs. 

The partitioning is greater with QF-I tlxm with citllcr SE-30 or Dessil 300 GC. 
This inctysccl partitioning is il result of the incrcasccl polarity of Ql;-r. QF-I, a phase 
of interniccliate phrity, wmlcl IX cspectccl to interact to r7. higlicr clcgrec with the 
lmlar DES0 containing con~l~lcs than woulcl citlwr of the non-polar plwscs SE-30 
ancl Dessil 300 CC. 

All curves IliLVC! n non-zero intcrccpt, which terniinatcs nt tlic siune value, that 
of the partition ratio observecl with no licluicl phase prcscnt. VEEXIN~; ANI) I-II_~I~DR~ 
llavc suggestccl that this olwzrvatinn indicates sonw of the comples is retained by the 
solid support usecl in tllc GTX colu~nr~. Tf only gas-liquid partitioning were occurring, 
a zero intcrccpt would be nnticilmted for these plots, 

To ascertain wlictlicr or not ilctLlEl1 nclsorption on the solid surface was occurring, 
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two additional columns, both 20 x 0.25 in. stainless steel, were prepared. The first 
was packed with IOO--120 mesh silanizecl glass beads and the second was packccl with 
loo-IZO mesh Chromosorb I’, The silanizecl glass beads should be totally inert to 
adsorption ancl the Chromosorb consisting of grouncl fire brick, is a very active 
aclsorbcnt. The conditions of flow ancl tcmpcraturc were helcl constant at 50 rnl/min 
helium ancl 2oo”, respectively. 

Chromatograms were obtainccl for Tb(lTHD):3* zDBS0 on both of these columns 
and the partition ratio, k, was calculated. The calculated ratios for all three uncoatccl 
supports arc given in Table 1. It is apparent from these clata that it is not valid to 

I’A~~TITICIS I<A’l’IOS IWR ‘1’11(1:1-11&* 21113s0 OS VARIOUS UNCOATI’.l’J HUPI’ClRl’S 
_________ . . . _.--_._^_..-~..__-_I-.--- 

.Srrl?jlovf !I 
.________.-._..--_ ._._ -_.- 

Chromoaorb W-1-l 1’ I oo- I 20 n1cal1 3.5 
Silaniacd glnss lxacls 100--I 20 nicsh 
Chromosorb I? 

~+-l 
1 oo- I 20 mesh 17.5 

_I_-- .--_-.- - _.- 

assume that a non-zero intercept for a. k vs, phasc(mg) plot indicates the total extent 
of solid surface partitioning. If this assumption were valicl the k value for the glass 
beads shoulcl be the lowest. The high kc value for the glass beads is probably a result 
of the more efficient packing rcalixecl by the glass bcacls. This tight packing creates 
a clistillation column of a great number of theoretical plates. The boiling point 
difference between the complex ancl methane causes an apparent increase in parti- 
tioning of the clielate. 

The difference in partition ratio for the Chromosorb 1’ and Chromosorb W-HP 
is a result of increased adsorption on the Chromosorb P, since both of these supports 
should pack similarly. The partitioning observed with the Chromosorb W-HP is not 
totally a result of solid adsorption. Volatility differences between the chelates and 
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the unrctaincd solute may increase the obscrvcd value. ‘l’hc k observed is the maxi- 
mum value possible as a result of adsorption on the solid support, To obtain accurate 
assignment of partitioning caused by solid, adsorption, a non-retained solute of 
similar volatility to the cimipouncl of interest must bc used. This corrects for apparent 
partitioning caused by volatility diffcrenccs. 

The plot for partitioning on QF-I woulcl extrnpolatc to a higher Iz value than 
that observed on bare support. This adclitional contribution to the partitioning is a 
result of adsorption on tllc liquicl surface. Tlic point of inflection for this plot occurs 
at appros. 5 mg of QF-I, which for this column corresponds to a 2% coated column. 
CIIAIG*~~ has cletcrminccl that at this point the surface of the solid support is com- 
pletely covcrccl. Kvidcntly at loadings less than 2% the effect of solicl surface ad- 
sorption begins to preclominatc at the loss of bulk liquid partitioning and liquid 
surface adsorption. 

For QF-I columns at least three pllcnomena must IX contributing to the retcn- 
tion volume: (i) bulk partitioning with the liquid phase, ZCVI,; (ii) adsorption on the 
solicl support, kNtl #; and (iii) adsorption on the surface of the liquid phase, kJ~. 
For the SE-30 and Dcxsil 300 GC columns the net retention volume of the mixcd- 
ligand complexes is apparently a function only of the partitioning behavior of the 
complex with the liquid phase, KVI,, and adsorption on the solid support, Iz,Aa. 

It is also possible that interaction with the bulk liquid by complex&ion or 
other forms of association may make an appreciable contribution, to the rctcntion 
observed when QF-I is used as the liquid phase. This type of interaction is likely to 
occur when polar liquicl phases are used and polar solutes chromatographcd. Expcri- 
nientallv this results in clirornatographic peaks which have sharp leading edges with 
long tailing edges 17. As shown in Fig, 2, this peak asymmetry is observed when QF-I 
columns are usecl but not when Dexsil 300 GC columns are used. Other non-equi- 
librium pl~cnomena such as loading of coordination sites on the column, clisplacement 
of previously stuclied complexes and clution of complexes containing liquid phase 
should be observecl if this association is occurring, Such phenomena have hen ob- 
served and will be discussccl in the following section. 

With the exception of chromium and beryllium, the quality of GLC reported 
for metal cliketonates is poorer than that of organic compounds of comparable 
volatility, GLC peak shapes obtained are often asymmetric with many anomalous 
shoulders and other extraneous peaks, and evidence of interaction with the column 
packing is often apparent, 

One of the most frcclucntly rcportcd observations in the study of metal di- 
ketonates has been the requirement of injections of a particulur diketonate to “load” 
the column before peaks of consistent size and shape appear, indicating that ad- 
sorption sites are being deactivatccl 2-RJ0, The situation becomes more complicated 
for mixtures of metal chclatcs, where a sequence of adsorption, displacements and 
possibly further interaction and breakdown is involved, 

To determine which columns would be most suitable for GLC of mixed-ligand 
complexes, nine 20 x o,2+n, stainless-steel columns of Dexsil 300 GC, 5X-30, and 
QF-I were preparecl in the phase range of 0.0-250/~ w/w, By maintaining the flow- 
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Fig, 2. Cliromrrtogrwns of ‘I’b(l~I-I1~),~2I~1~SO. 10 X 1/4 in. colutun, tcmpcratwc 200~; liquid 
phiw~ (a) z3,5o/n Dcxsil, (IJ) H.zo% QB-I, t\ = cyclol~csnno-H(I:Iil)), B = DBSO, C x 
Tb(l.3fD),*zDBSO, 

rate and all other paramctcrs constant and monitoring the precise history of the 
columns, the “loading” of each column was determined, Small sample volumes, 0.2 ,~l 
or less, of 0.01 M Tb(I~HD),~2Dl3SO were injected into the chromatograph and 
elution of the chelates was determined by FID response. Assuming that the loading 
is additive, the amount of comples rcquircd before elution occurrecl was cletermined 
and plotted YCYS~W the weight of liquicl phase (mg) present. In this manner the cffcct 
of the type and amount of liquid phase on the “loading” coulcl easily be evaluated. 
The results of this experiment are shown in Fig. 3. For the liquid phases QF-I and 
SE-30 the loading increases as the amount of liquid phase increases. The Dexsil 
300 GC liquid phase apparently has the least loacling of all phases, The loading for 
the Dexsil 300 GC columns is nearly constant with that observed with only solid 
support present. All of the curves extrapolate to the loading obscrvecl with no liquid 
phase present. 

Previous worker& have attributed the loading to adsorption on active sites 
on the solid support. If this were the case the loading should be constant or diminish 
as the surface is covered by the liquid phase. This is not observed, except with the 
Dexsil 300 GC columns, therefore another mechanism must be proposed. 

The loading may be occurring by non-equilibrium association or complexation 
with the liquid phase. As shown in Fig, 3, the loading is highest with the polar liquid 
phase, QF-I. The polarity of the liquid phase should enhance association with the 
polar complexes, If the association occurs within the liquid phase, an increase in 
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loading slloulcl bc found as tllc amount of liquid phase increases. With the columns 
containing QF-I an increase of this type is observed. 

The liquid phase SE-30 also possesses an appreciable loading. This loading is less 
than that observed w11cn QV-I columns were studied. The decrease in loading is a 
result of ;I clccrcasc in polarity of the liquicl phase, Tllc less polar phase would be 
cspcctccl to interact less strongly with a polar solute. The loading dots increase as 
the amount. of SE-30 in tllc column increases. As with the &F-I columns the increase 
indicates association or complesation with the liquid phase. Incrcascd polarity 
enllances tllis interaction as does illCrC!aSC!d liqI.liCl phase thichless. UDRN AND JEN- 

KINSR llavc reported aclsorptioii with polar liquicl phases even on Teflon supports. 
In certain cases wit11 polar pliascs thy were unable to acliicvc clution of any chelates. 

1 I I I 1 I 

Dcssil 300 GC is both structurally similar, with the exception of the jls-dicar- 
boclovododecaborane cage units, and equal in polarity with SE-30, On this basis the 
loading should be similar. As shown in Fig, 3 the loading on Dexsil 300 GC does not 
increase as the amount of liquid phase increases. The loading remains constant at 
the level observed for bare Chromosorb W-HP. Evidently the carborane cages either 
offer steric intcrferencc to the interaction with the liquid phase or affect the manner 
in which the liquid phase is laid down on the support in such a way as to prevent 
association with highly oriented layers. 

The solicl support also makes a contribution to the loading. Evidence for solicl 
support interaction is the constant loading of the Dexsil 300 GC columns. Further- 
more, experiments with columns containing uncoated glass beads gave no indication 
of column loading. As the amount of liquid phase completely covers the solid support 
the active sites on the support should be covered and thereby be prevented from 
interaction. I~DI.I.IX~ AND STEWART Ia, however, have d.etermined that even at 30% 
liquid phase the solute theoretically has time to reacll the solid surface. Since the 
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solute can reach the surface under the cliromatograplh conditions described. internc- 
tion and loading at this surface can occur, 

Apparently the loading is a multiple process which depends on the solid sup- 
port, the polarity and structure of the liquid phase, and the nature of the complex. 

Displacement of previously cleterminecl complcses by other metal complexes 
has also been observed. Columns containing QF-I and SE-30 were founcl to cshibit 
this phcnomcnon. The displacement of europium by terbium coulcl be observccl by 
monitoring tile apparent fluorescence of trappings from a column loaded with 
europium. The apparent fluorescence spectra for samples of Tb( IWD), * zDBS0 
collected as eluted from the cliromntograpliccl column are shown in Fig. 4. Tlicsc 

I 
410 ------A -1,____---lO~ 

5SO 650 
WAVE LENGTH Inm) 

Fig. 4, ‘Jb nppnrcnt tluorcsccncc qwctra for cliephcon~cnt of Eu( J?H J))3* 2DJ3SO by ‘I’II(FHD),~ 
aJ;>13SO tnkun from tnrppings of column clucnts. Excitntion at 335 nm, 

samples were chromatographed after several determinations of Eu(FHD),*zDBSO 
on the SE-30 column. The chelate exchange is obvious as the intensity of the fluo- 
rescencc decreases. This exchange is quantitative as shown in Fig. 5. When the clis- 
placement behavior is observed chromatographically, the peaks have the same 
retention times as the individual complexes. The constant retention time is explained 
if a uniform loacling of the initial clielate occurs throughout the column. As the 
seconcl chclate starts through the column some of the previously loaded chelate is 
displaced. This displacement begins at the inport encl of tlic column, then both 
complexes move clown the column and are partitionccl. Eventually all of the previ- 
ously loaded complex is displaced (after several injections) and the column performs 
quantit:Ltivcly for the new complex. This displacement interaction is particularly 
bad when polar liquid phases are used and has been observed even with Teflon solid 
support@. 

Colums packed with Dexsil 300 GC were not found to exhibit this displacement 
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l~l~enon~cnon. This suggests that tlic displnccmcnt is related to the loading occurring 
cm and/or in the licluicl phase and not the loading on the solid surface. 

‘The interaction with the solid surface has been rqorted to be a result of active 
hydrosyl groups present in the support material. UDEN AND ,JENICIN# suggested 
silaniising the solid. suppclrt to eliminr~tc these active hydrosyl groups, To assess tllc 
value of this technique, four 4 ft. x 0.25 in. glass columns were prepared in various 
states of silanization. Tlicsc columns arc listed in Table II. 

‘I’AI3T.E I I 

--_--_---.-_-_ .._ --..- .._. - .._... .I . . .._ __. _ ,....._. .--. ._.____.. . 

No. CfJllWlJl Pcicltirrg 
_._.._ -_ .__.___ --- _.._. . ,. ^ ._._._._.,._ .._ ___... .._ .._ - _-.. _ ...__.__.___,.. _. _,,.. _,__ ,_ _.__ 

1 Glass 5<0”/ SIG30 on Chromosorb W 
‘L Silaniactl glass 5-o% SE-30 on Cllrornosorb cv 

3 Silnnizocl gliMS 5+00/, s&j0 011 Sililnizcd ~hrO!llOsOrb 11’ 

4 Glass s#O”,/o SE-30 on silnniactl Cliroinosorl~ tV 
_- -...- _._. . . . .._ _ _ ,- .__. .., .._. ._._ . .._ _.. ___. _ ._ . .._ .._ .._,_. _ ___. _ 

Column I WLS used as a control column and demonstrated the loading and 
displacements discussed above. All columns which had been silanieed demonstrated 
unsatisfactory chromatographic behavior. Column 3 showed the greatest loading 
and displacement phenomena. of all the columns studied, Column, 4 also showed 
extensive loading. Chromatograms obtained wllcn columns 3 and 4 were used con- 
tained many spurious peaks, and the retention times of the complexes were observccl 
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to decrease after clays of USC. Apparently columns and/or 
column material a detrimental effect on the elution of mixed- 
ligand complexes of the lanthanides and should not be done. This decrease in column 
performance on silanization suggests that the interactions may be occurring with the 
silicone polymers themselves. 
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I:& 6. Spurious pcfll<s nncl sl~oulclcre oLwrvcc1 with 20 x I/., in. column. tcmpcraturcs zoo’ 
(column) tsotlwrmul and Z(JO” (ITID). Liquicl I~LHC (a) G.~o”/~ QI?-1, (b) 5.0’3”/0 SE-BO. A = cp 
clohcwtnc-I-I(I?I-ID), I3 = DHSO, c 3 unlcnown, D = ‘I’L(lWD),*nDI3SO. 

The last phenomenon obscrvcd is that of spurious peaks and shoulders. This 
phenomenon was noted in the studies utilizing QF-I and SE-30 and is shown in 
Fig. 6, Qualitative identification, by eye observation, confirmed the presence of 
lanthanide in the estrancous peaks (the flame in the l;ID burned red, the charac- 
teristic color of the diketonate), Attempts at fluorescence analysis of trappings of the 
peaks failed to confirm the presence of complex, It is possible that some chelate 
decomposition or ligancl-exchange is occurring in the bulk liquid. If this were the 
case injections of H(FHD) and DBSO, either singly or mixed, immediately following 
elution of chelates, should result in reformation of the complex and subsequent 
elution. When these esperiments were tried no elution of complex was observed, 
UDEN cl al.1° also encountered this problem and successfully utilized mass spectral 
analysis to identify the peak composition for iron-TPA complexes, They report the 
composition to be the same as the injected chelate with the exception of traces of 
SE-30 bleed. Other workers have reported this type of interaction with gallium- and 
inclium-TFA complexesae, 
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Tllcsc! results show that wlicn &F-r and SE-30 arc usccl as the liquid phase for 
metal GIL cart must be tnlccn before rctcntion times arc reported. Particularly tllc 
history and age of tlw colunms should be Icnown as older columns nwy have less 
liquid plinsc. 

No spurious pcz~lcs wcrc obscrvccl in studies utilizing Dessil 300 GC as liquid 
plow. Appnrrntly tlw nature uf this interaction is also liquid phnsc clcpenclcnt and 
not solid surface controlled. 

Tlwsc lion-cquilibriurn iiltcractions liatfc not hccii rcportcci for tlir! totally inert 
clironiiuni conl~~lcs. It is possible tllat tlic lnck of inlcraction is n result of the incrt- 
ncss of the con~plcs; since an inert ccml~lcs would not Ix2 espctccl to associate with 
tlic liquid pliasc. If otlwr inert coniplcscs were prcpmxl they too sliould be void of 
tlwsc intcritctiot~s. 

Tllc retention behavior olmxwxl wit11 niisecl-ligancl cliclatcs includes contri- 
butions from partitioning on tllc solicl surfax , and. with the bulk liquicl. When polar 
liquid l>llilscs sucl~ as QF-I arc usccl aclclitional contributions to the rctcntion volume 
from liquid surfacc adsorption, con~plesation in tllc bulk liquid, and/or association 
in highly oricnlccl liquicl pliasc layers cannot 1x2 ignorccl, 

JSviclcncc has l.wxn prcscntccl which inclicatcs column hacling is ;L sum of solicl 
support adsorption and nssociation or cornplesat:ion in tlic liquid phase. All ohr 
interactions iWE! liquid plinsc depcnclcnt. ‘l’l~csc non-iclcal l~lwncmena are observed 
to a lcsscr cstcnt ~~1lc11 Dcssil;300 CC is usccl as a liquicl pIlaw. ITor this mason Dcssil 
300 GC should IJC used for s;tuclies with misccl-lignncl systems. The value of prcpring 
inert ccm~plcscs cannot be n~inin~imcl, By elimination of lmssiblc coordination sites, 
spccitically by tlic use of misccl-lignncl coniple.scs, non-equilibrium internction is 
climinisliccl. 


