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CI-IROMATOGRAPI-I Y BY DECREASING THE DIMENSIONS 01; THE 
SUPPORT MEDIUM 

Ps_yciriatvic Resenvch u,nit. Univcvsily Hospital, Snskaloovr, Sasknlclrezumr (Cnrrada) 

(lh2ccivccl Scptcmbcr 1Btll, 11372: rcvisccl manuscript rcccivccl October zbftll, 1972) 

A definite possibility for increasing the sensitivity of thin-mcclia cliromato- 
grapliy in the detection of minute fquantities of separated chromogens or fluorogcns 
is a reduction, usually the width, in the physical dimensions of the medium. 
Experiments have shown, however, that the results obtained with this approach 
generally fall short of expectations. The principal reason for this would seem to be 
‘edge effects’ which alter the surface properties of the medium and increase the non- 
uniformity of the velocity profile of the solvent, resulting in a broadening of the 
selected zones, a distortion of the concentration profile within the zone and frequently 
a decrease in separating power. These effects can largely be overcome by using a 
cylindrical support for the medium and very thin active layers. 

INTRODUCTION 

Thin-media chromatography is probably the commonest and at the same time 
most efficient proccclure for isolating inclividual substances from multi-component 
mixtures. In many applications the amount of substance to bc separated or isolated 
is in the microgram range, The smallest amount of substance, which under these 
conditions can be proven to be present and perhaps quantitated, is essentially deter- 
mined by the threshold level of the methods used with respect to the particular 
substance involvecl. At present the methods most frequently used are photometric 
and with appropriate instrumentation it is probable that these procedures are the 
most sensitive ones with respect to both detection and quantitation. 

The performance of any photometric method is ‘limited not so much by the 
total amount of separated substance present within a particular zone, but by its 
concentration within that zone. In order to increase sensitivity therefore, it is essential 
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that the spatial concentration of substance, that is the ratio of the total amount of 
separated solute in a zone to the area of that zone, bc increased. A quite obvious 
approach to this problem is to rcducc ,the wjdth of the chromatographic medium. 
The results of this simple approach are, however, disappointing once a certain 
minimum width has been escecclecl. The reasons for this phenomenon and ways by 
which it might bc ovcrcomc arc consiclerecl below. 

WIDTI-I 017 TWO CHROSIhTOGRAPHIC M152~IUhI 

It has been shown iii the past that tlic coriccntrntion profile of a separated 
substance is with reasonable approsimation Gaussian. The wick11 of the zone clepencls 
mainly upon tlic cliaractcr and the volume relations of tlic components of tlic 
stationary pliasc and also upon the clistnnce from the origin, wlicre the solute was 
originally nppliccl. Tlicsc facts are of course well known, Ihprcssccl matlicmaticall~ 
they leacl to tlic cxprcssion: 

c(x,t) = B exp 
-_CX -VHt]2 

4 Lt --- 0) 

In this equation l3,H,L arc constants characteristic of the separation system usccl. 
ZJ is the average velocity of solvent flow nncl t the time of clevclopment and .?; is the 
distance from tlic origin. The product 

x = v*t-IJ (2) 

clctermines the mean distance an clcmcnt of solute has travclled from the origin. 
The width of an indiviclual zone, the distance between different zones ancl the 

lcincl of substances to be isolated can be controlled by the judicious choice of the 
critical parameters of the system (quality of, nature of support and solvent system 
etc.), Even under the most favourable conditions. however, diffusion prevents rc- 
duction of any zone wiclth below a certain minimum. Tlic simple solution, reclucing 
the cliniensions of the medium (i.e., making it narrower) and/or area of solute appli- 
cation, thus increasing the concentration of separated solute in a given scparatecl 
zone applies only to a limitccl cstent. If the width of the mcclium is decrcasecl below 
a certain limit the separating power of the medium deteriorates ancl contrary to an 
improvement the situation becomes less suitable for the detection of very small 
amounts of solute, Some aspects of this phenomenon are analyzecl below. 

EDGE DIWECTS 

Fig. I sl~ows both a longitudinal ancl a transversal cross-section of the medium 
with the respective velocity profiles of the solvent. The solvent flows through tlic 
pores of the medium with a principal clirection of flow parallel to the longitudinal 
(x-axis) axis of the medium. The flow velocity of tlic solvent is, liowevcr, far from 
uniform even on a macroscopic scale. In general the Iiiglicst average velocity will 
occur at the boundary surface between meclium and the surrounding air-vapour 
mixture, while the lowest velocity will occur at the contact surface between mcclium 
and substratel, The resulting longitudinal velocity profile is shown diagrammatically 
in Fig. Ia. If the meclium is self-supporting without a substrate (AC., paper) a velocity 



396 v. POLLAIC, A. A. BOULTON 

distribution of the type shown in Fig, IC resulti;, The well known reasons for this 
pl~enomcnon are, of course, internal and external frictional forces acting upon t:le 
moving solvent and surface interactions bctwcen the moving and the stationary 
phases. Transversally a similar non-uniformity of the velocity of the mobile please is 
observed (Fig. Ib), At the free edges of tllc medium the velocity will in general be 
larger than in the center part of tllc layer. 

Kc/n. I shows that the (tllcorctical) concentration profile of a zone is Gaussian, 
and that tllc asis of the zone is clisplaccd from the origin by the distance S. If v is 
non-uniform over the cross-section of the medium the total concentration profile of 
the zone is produced by the superposition of partial zones shifted by various distances 
S. Diffusion tencls to reduce these phase cliffcrenccs but it cannot cancel them alto- 
gether. The overall concentration prolilc of a zone can then be determined, in a very 
general way, from cqn. 1, 

% is the thiclsncss of the coating layer and x,y,z arc here the longitudinal, transversal 
and thickness coordinates of the medium, respectively (see Fig. I). The effect of 
diffusion along the y and z axis is, in first approximation, incorporated into the de- 
pendence v(y,z) of tllc velocity of flow upon tllc 3’ ancl z coordinates. If v(y,r) is a 
iinear function of z, that is if _ 

v(y,z) = *“‘v(y) (4) 

Fig. 2. The chngc in concentration prolilc duo to non-uniform vclociti 
(n) Ch-wssian curve (v inclcpcndcnt of z): (b) intcgmtccl Gnussian cnrvc (2~ 
nncl (c) asymmetrical curve (v gcncral function of a). 

in tlic z-clircction, 
ncilr function of 2); 
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it is easy to see (see also cqn. z) that the concentration profile (x,&y) broadens, but 
still retains symmetry around its axis (J.?ig. 211). If this is not the case, that is if 
v(y,z) contains terms with higlicr powers of 2. the concentration profile will in general 
assume an asymmetrical shape (Fig. 2~). *rhC broadening of the zone AA is in first 
approximation determined by the variation of X, 

AJ.= Y 1 max. Y - ‘ mls. (5) 

The dependence of z, upon the y coordinate sl~oulcl now be considcrccl. If z, is 
independent ofy and changes in the effects of partition ancl adsorption in the vicinity 
of the edges of the medium can lx ncglectccl, the concentration profile is also inde- 

I 

4, l---L --j *Y ._ ._ 
Fig. 3, The chnngc in shape of n zone tluc to a higher velocity of solvent flow at the cclgcs. (a) 11 
inclcpcntlant of y: (IJ) Slight incrcwc of u at the ctlgcs 
width of the moclium. 

: nncl (c) II varying with y over the whole 

pendent of the y coordinate. That is to say, that the zone has the same concentration 
distribution over the whole width of the medium (assuming that the solute was de- 
posited at the origin as a narrow band cstcncling across the full width of the medium). 

Normally the velocity of solvent flow at the eclgcs will always be slightly larger 
than in the center. The result is a slightly concave shape of tlic zone as inclicatecl in 
Fig. 3b. If the medium is now macle narrower the velocity incrcasc clue to the free 
edges begins to be felt over a proportionately larger part of the total width of the 
medium. Lateral cliffusion again tends to equalize the concentration everywhere along 
the y-axis (Fig. 3~). The zone becomes wider, making an accurate quantitative deter- 
mination more difficult. As a consequence of the spreading and wiclening of the zone 
the concentration in it may eventually l~ecome smaller than would have been the 
case if a wider medium had llecn usecl. The spreading of the zones along the x-axis 
may leacl to overlap of adjacent zones and subsequently to a clecrease in the resolving 
power. 
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In tlic light of the argunicnts prcwntccl abo\*e it nplxars nccessnry to remove 
edge effects if nn nttcmpt to iiicrcasc the sensitivity of thin-mcclia. Clir0~iinto~rapl~y 
by decreasing the cliiiiciisiclns of the medium is to lx nchievccl. Tllis can be done in 
8 simple and strai~htf(lrtt’nrrl manner 1,~ cmlhying a circular nicclium such as a. glass 
or quartz capillary tube lnycrccl with il suitablc ;~lJsorh~t. Eslx2rinients wlkA~‘~will 
bc publisliccl sepratcly sccni to confirni our cspcctations. It is obviously not possible 
to clecreasc the cliamctxr of tlic support medium indcfiiiitcly for tlic following reasons. 
Fig. Id illustrntcs the situation. 

At tlic Surface! of tlic support rod of clianictcr, I>, tlic solvent is virtually 
stntionnry. On ;L planar sulxtmtc the velocity of tlic solvent increases npprosimntely 
linearly with the clistniicc hm tllc? sulxtratc ils sl10wn in Fig. 1;~. If, liowevcr, tile 
sulxtmtc lins tllc slx~l~e of ;I cylinclrical rot1 with raclius, R, it can be sl~~wn that the 
velocity of solvent flow cli~ungcs npprosinintcly p:~rnl~c~licnlly with clistnncc E from 
the asis of tlic rocl (eqn, 2). 

i!(z) 3 A(r2-_R”) (4) 

J.ct tllc tliiclincss of tlic coating layer IJC %, ‘lh flow velocity at tlic circumfercncc is 
t11c11 : L 

% = Ry (5) 

VW) = AR” (zy+y?) 

Siiicc tlic velocity nt tlw surhcc of tlic rot1 is zero, cqn. 5 clctcrniines il.lSO tile 
maximum diffcrcnce in vclorit~* across tlw mcclium. A large value in this differcnce 
will produce a lwonclcning of the zones as previously clcxcrilxcl and will thcrcforc 
largely ahlisl~ the advi~llti~~c of tlw sllliLllcr clinwusions of the medium with rcgnrd 
to an increase in sciisitivity. If the cliffcrcncc in sol\*ent lxlocity is vcrJ* large, ovcrlnp 
of zones may occur ilIlC1 the resolving power of the mcthocl will bccomc reclucccl if 
not nltogcthcr alxGhxl, Diffusion in n clircction pcrl~cnclicular to tllc substrate will 
ag:Rin tciid to rcclucc tllc effective velocity cliffcrcnccs to some cstcnt. It sl~oulcl be 
notecl that on it cylindrical support the rclntivc thichcss of tlw active nwclium is of 
irnlx~rtancc. This means that on ;I rod lvitll a smi\llcr diamctcr ;1. thinwr layer of 
coating must lx’ applied. Using conventional COi\tillg tcclmiques thcrc is a ccrtniii 
minimum thickness nf coating which cilll lx unifcwtnly nncl relkhly appliccl. In order 
to avoid this difficulty alternative metllocls of npplving a cl~romnto~ra;~l~icnlly active 
layer to cylinclrical rods are prcscntly under coiis~clcration in our li\bOrZLtOr~. On c?. 
planar meclium it is tlic absolute thicltncss of tlw active layer which is important 
rcgnrclless of tlic tliiclcncss of tlic support, Due to tlic ncnrly liricnr dcl~enclence of the 
solvent velocity upon the distance from tllc support, as con~lxwccl to the apl~rosimatc- 
ly qunclrntic (see ecln. 5) depenclcncc on a circular support, tllc thiclcncss of the lnycr 
is of much less importance, 

An csample may illustrate tlic i\lJOVt? conclusinns. I,& us assume cz zone of 
separated sulxtancc with effective width f 4 mm nnrl clistancc from the origin of 
100 mm. These values are assumed to 1~12 noniinal ones for a constant ancl uniform 
velocity of the solvent. Cansicler now ;1 pkmar mcclium with it velocity sprcacl, not 
compensated by cliffusion, of only f 2%. The obvious result is a lxwnclcning of the 
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zone to & G mm zmcl a flattening of the regular Gaussian density profile within the 
zone. If the velocity distribution is non-linear, the resulting concentration profile 
will be non-symmetrical with respect to the peak. It clcpcncls upon the sense of 
curvature of the velocity profile, whether it is convex or concave and whether the 
leading or trailing part of the zone will be wider. In most cases an approximately 
parabolic distribution of the type shown in Fig. 3c can be assumed. The axis of the 
zone then moves with a velocity larger than half the clifference between maximum 
and minimum. Consequently the leacling part of tllc zone will in general be the shorter 
one. 
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