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SUMMARY 

The contribution of the macroscopic mobile phase velocity profile in a paper or 
thin-layer strip to longitudinal dispersion in chromatography was investigated. For 
this purpose the dependence of the plate height on the breadth of the paper or thin- 
layer strip, scanned by the densitometer, was determined using Whatman W2 paper 
and Camag D cellulose powder. As longitudinal dispersion depends on transversal 
(convective and diffusive) dispersion, the latter was determined for both chromato- 
graphic techniques. 

INTRODUCTION 

Longitudinal dispersion in chromatography can be described by the equation: 

H 
a2 BI 

s-z 
P 

; + Cn$ + csu -I_ Cp(w)Z + C&L)zc 

where 
H = height equivalent to a theoretical plate, 
d = standard deviation of the solute distribution in the medium used for 

chromatography, 

lu = distance travelled by the solute, 
ii = mean flow rate of the eluent. 

The terms B, Cnf, Cs, C,(a) and Ce(z6) are concerned with longitudinal diffusion, 
resistance to attainment of the partition equilibrium in the mobile and in the station- 
ary phase, the macroscopic mobile phase velocity profile and eddy diffusion, respec- 
t ively. 

Dr: LIGNY AND 13~x1 showed that peak broadening in paper chromatography at 
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low liquid velocity (0.0005 cm* set-I) is exclusively caused by longitudinal diffusion, 
both in the mobile and the stationary phases. At higher liquid velocities (up to 
0.00~ cm* set-1) DE LIGNY AND REMIJNSE~ demonstrated, in addition, the occurrence 
of slow attainment of the partition equilibrium. The slow mass transfer between the 
mobile and the stationary phase appeared to be caused mainly by slowness of diffusion 
in the mobile phase 3, For thin-layer chromatography similar results were obtained*. 
A contribution of the mobile phase velocity profile (or, possibly, the C& and Ce(zl)a 
terms) was found only in paper chromatography3. 

The various terms in the right-hand side of Eqn. I can be specified as follows for 
paper and thin-layer chrornatography3-fi : 

B L = - = -_---------_ f12cllf P zy,trD&?pt + aysDs(1 - A?& 

26 P P 
(2) 

c,gii = f R&I 
(if2 - 

- RF) - ‘11 
DS 

(4) 

c&c); = _-_-__-EL” ------ 2; 
AR&ii + ynaDnr + ysDs(1 - RF)IRF 

(5) 

C&c)27 = 
2K’dp2 

------------ ---- z; 

&#i?pn + ynfD,w -I- YSDS(I -Rnp)lR~ 

where : 

Y = tortuosity factor, 
D = diffusion coefficient, 
RF = ratio of the distances travelled by the solute and by the eluent, 
I! = elution time, 

4J = diameter of the support particles, 

(If = thickness of the layer of stationary fluid on the support particles, 
K&AR = dimensionless constcants, depending on the dynamics of flow, 
I, = dimension, characteristic for the flow profile (breadth of the paper or thin- 

layer strip scanned by the densitometer, OY mean distance between 
maxima or minima in the flow profile, whichever is the smaller). 

G 
0.4 12 If 

= -- l” lo if---lo 

Zf2 - 102 

h =-t- 
if = distance from the surface of the eluent in the tank to the solvent front, 
L3 = distance from the surface of the eluent in the tank to the starting point. 

Transversal dispersion can be described bys: 
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The first term between brackets represents convective dispersion, the other one dif- 
fusive dispersion. According to Eqn. 5, the contribution of the flow profile term can be 
assessed in a straightforward way by determining the plate height H as a function of 
the breadth L of the paper or thin-layer strip scanned by the densitometer. As the 

contributions of the B l s and C,@ terms can be calculated from previous worl&4, 
the contribution of the C@ and CE(U)ZZ terms (if different from zero) can then be 
estimated from the extrapolated value of H at L = o. When the transversal dispersion 
is also measured, the value of K can be determined from Eqns. 5 and 7. Further, the 
value of 2~ can be obtained as estimates of d,, y, D and RP have been made previous- 

1Y * 
1,3,4 

L-Valine, Whatman W 2 paper, Camag D cellulose powder, were used. 

Procecitire 
(n) Detcrdnation of H as a function of L. The chromatograms were obtained and 

stained as described earliero. Then each band was divided in parts with a length equal 
to the slit length used in the densitometer. The travelled distance, ,x, and the variance 
originating from the cliromatograpliic transport, a2, were determined for each part*. 

(E) Determination of transversal diqhrsion. The variance, originating from trans- 
versal convective and diffusive dispersion, rY’tl,Chrom, was determined by applying the 
bands parallel to the elution direction and eluting, staining and scanning them as 
described earlier (ref. 6) l . The variance, originating from transversal diffusive disper- 
sion in paper chromatography, b2tr,dlflrwas determined by applying the bands parallel 
to the elution direction, leaving them to diffuse for a certain time, staining and 
scanning them as described earlier (ref. I) l . The corresponding variance in thin-layer 
chromatography was calculated from the known values of y, D and RF* l . The vari- 

. . * 
ante, orlgmatmg from transversal convective dlsperslon, a2tr,C011v, can then be calcu- 
lated by difference. 

Cahm?atious 
As described in the foregoing section under (a), each eluted and stained band was 

divided in q parts of length a, so that q 0 a = 21, where n is the applied slit length of the 
densitometer and b is the total length of the band. The variance, ~2, and the position 
of the maximum, ,u, of the solute distribution were determined for each part. On the 
score of tile unevenness of flow over the distance b, each part of the band has its own 
particular value of cr2 and of ,u. So, the result of the measurements on one band is: 

l All variances wcrc corrcctccl for the variance originatiii 
tlw cquilibratiori pcriocl. 

g from the npplication proccclurc and 

l l This is not warrantccl in the cast of paper chronntograpl~y, in view of tlic possibility that 
the tortuosity factors ~mrallcl and pcrpcnclicular to tlic niachinc tlirectiotl iire cliffcrciit. 
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Now we introduce o p2 for the variance of a composite part of the band, composed 
of $ neighbouring strips (breadth equal to L = p -a; $ = 1,2,3.. .q). ,L+ is the mean 
distance travelled by the solute in the part of the band of length L. It follows from the 
principle of the additivity of independent variances that the total variance of the solute 
distribution in the considered composite part of the band is equal to the sum of the 
variance within a single strip and the variance between strips: 

gp2 = - * Ea,2 -I- 
PI 

$ ” (pi - ppp 

where : 

PP = ; $4 

Further : 

where : 

I 
c=B-- + c,rii + cszc + c_&+i 

zc 

and: 

cr! 
2K 

= --- -_----- --- $ 

A~dpiZ + YMDM + YSDS(I - RF)/~~F 

(8) 

(9) 

(10) 

(11) 

RESULTS 

The values of pp at various values of $J (or t) are shown in Fig. I. The data on 
transversal dispersion are shown in Tables I and II. 

DISCUSSION 

We observe in Fig. I that H hardly increases further when L esceeds G mm. 
Therefore, to estimate c and d in Eqn. g, straight lines were drawn through the points 
corresponding to the smallest two L values. Furthermore, lines parallel to the abscissa 
were drawn through the remaining points. The points of intersection with the sloping 
lines give approximately the distance between maxima or minima in the macroscopic 
flow velocity profile. The mean values of this distance are s) and S mm in paper and 
thin-layer chromatography, respectively, 

From the difference between the H values at L = o and L > g, respectively 
S mm, the (maximum) value of the C,(ti)fi term follows, that is observed in practice. 
For paper and thin-layer chromatography, this term amounts to 0.01 and 0.001 mm, 
respectively, Previously4, it was found that in paper chromatography Cp(ftc)z’c + C~(zc)zJ 
‘q- csa = 0.07 & 0.03 mm (using a densitometer slit length L of G mm). It follows 
from these data that C&zc)a + C&Z = 0.06 & 0.03 mm. 

From the slopes of the graphs in Fig. I and z’c, the values of 
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Fig. I. Plate height H as a function of the brcaclth L of the paper or thin-layer strip scnnnccl by the 
clcnsitometer. l , paper chromatography ; x , thin-layer chromatography. 

TABLE III 

CALCULATION OF K IN PAPER CHROMATOGRAPHY 

~_ ------. 

1.Sg x IO-~ 164 X Io-4 57.6 x Jo-4 2.50 x 10-O 
o.gG 169 28.5 I .26 

I.59 190 47.9 2.08 

Mean (I.9 * 0.S) 10-O 

TABLE IV 

CALCULATION OF /C IN THIN-LAYER CHROMATOGRAPHY . 

_I 
AH ,I7 K K 

nLa 
(mm. see-1) 

(mnt-1) 
And& + y,wDnr + y.sDs(~ -I?,) ~RF 
(wn-~~ see) 

0.259 x IO-J 134 x x0-4 9.6 x 10-A 1.26 x 10-7 
0.074 I34 2.S 0.36 
0.222 135 s.2 1.07 
0.259 I35 9.6 I.25 

Mean (I .o & 0.5) x IO” 

,I. Cfl?‘Otrl.dO~., 53 (1970) 469-475 
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can be found. From the values of An given in Tables I and II and the known values’of 
D (ref. I) d,, y, Rp (refs. 3, 4) and ii the denominator can be calculated, so that K is 
obtained (Tables III and IV). K equals 2 - IO-~ and I s IO-’ for paper and thin-layer 
chromatography, respectively. These values are of the same magnitude as espected 
from the values found for packed columns* 

The value of y&~Dm + ysDs (I --X,)/RF found for transversal diffusive disper- 
sion in paper chromatography ((1.93 & 0.19) x IO-* mm2~sec-1) (Table I) is in good 
accord with the value that is calculated using the y values for longitudinal diffusive 
dispersion4 ((2.05 -& 0.40) x IO-** mm2. set-1). So, the tortuosity factors parallel and 
perpendicular to the machine direction appear to be equal, n fiosterior~. 

The values found for AR, 0.016 and 0.00s for paper and thin-layer chromato- 
graphy, respectively, are about an order of magnitude smaller than the values 
holding for packed columns (ref. 5) l l . 

CONCLUSIONS 

As a result of our investigations in the field of peak broadening in paper and 
. thin-layer chromatography, the various parameters determining this phenomenon can 

be specified as given in TableV, for Whatman W2 paper ancl Camag D cellulose powder. 

PARAhlETERS I>ETERhIINING PLATE I-IEIGI-IT IN PAPER AND THIN-LAYER CHROMATOGRAPHY 

Ynf o.Go =t: 0.12 0.42 f: 0,29 

Y 0.03 f 0.02 c”,.a 111111 + Cjz(u)ii 111 Ill 0.06 0.91 f f 0.36 0.03 0.02 -I: o.oY 0.01 0.32 rlcgligiblc f. 

3 l It 0.016 f. o.ooF 0.00s & 0.003 
K (I.0 f 0.8) x 10-O (1.0 & 0.5) x 10-T 

I C. L. DE LIGNY ANI> 1). UAS, %. A rtnl. Che~~t., 205 (1q51) 333, 
2 C. L. DE LIGNY ANL) A. G. RlShlIJNsI3, Rec. l'rav. C/~iln., SO (rcjG7) 410. 
3 C. 1,. DIz LIGNY AND h. G, ~bhlIJNSE, .l. Chromntog., 35 (1~~68) 257. 

4 C. L. DE LIGNY AND A. G. 242. 
5 C. L. DJE LIGNY, J, Clrvomatog., 49 (rg7o) 393. 
6 C. L, DE LIGNY ANIJ A. G. IIEMIJNSIE, I?ec. Tmv. Claim., 86 (1967) + I. 

l If (see ref. 5, Eqn. IG and Fig. 4) in the calculation of the cspcctccl value of r//p” + KZ K,I) 
is calculated from the distance bctwccn masitna. or minima in the mobile phase flow profile (cv S mm) 
and the real fiber clianwter of the paper or the real cliametcr of the ccllulosc pow&r pnrticles 
(- 0.01 mm). 

* l I-Iowcver, if the real paper fiber cliaxnctcr or the real clinn-eter of the ccllulosc po\vder particles 
as given by the nmnufncturcr3~4 arc used in the calculntion of &, rather than the effective cl, values 
cnlculatecl from tlic CAlli term, values arc founcl at least as large as the &z values holcling for 
paclw.cl c01u11111s. 
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