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PEAK BROADENING IN PAPER CHROMATOGRAPHY AND RELATED 
TECHNIQUES. 

III. PEAK BROADENING IN THIN-LAYER CHROMATOGRAPHY ON 
CELLULOSE POWDER* 

C. L. DE LIGNY AND -4. G. REMIJNSE 

tatoratory for Analytical Chemistry, State U~ziversity, Utreclat (The Netherlands) * * 

SUMMARY 

The mechanism of peak broadening in thin-layer chromatography on cellulose 
powder was investigated by comparing the peak widths obtained in chromatography 
with those caused only by diffusion in the cellulose powder, for a set of amino acids of 
widely, differing XF values and six kinds of cellulose powder. 

The results are interpreted in terms of longitudinal diffusion in the mobile and 
the stationary phase and resistance to mass transfer in the mobile phase. 

INTRODUCTION 

The phenomenon of peak broadening has been amply studied for gas-liquid 
chromatography (GLC), but is still almost unexplored for other branches of chromato- 
graphy. The main features of peak broadening in GLC can be described by the VAN 

DEEMTER equationlJ : 

(1) 

where : 

r-z = height equivalent to a theoretical plate 
o- = standard deviation of the solute distribution in the chromatography 

column 
2 = distance .travelled by the solute 
‘2L = flow rate of the,eluent 
4 B, &r, Cs = constants, accounting for peak broadening by eddy diffusion, 

molecular diffusion and resistance to mass transfer in the mobile and the stationary 
phases,, respectively 

However, in the course of years several shortcomingk 
become apparent, the most serious ones being: 

of this equation have 

* For parts I and II of this series, see refs. 6 and 7, respectively. 
** Address: Croesestraat 77a, Utrccht, The Netherlands. 
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(I) the A term is often negligeably small or even zero; 
(2) the CMZL term is about two orders of magnitude larger than its expected 

value, and (contrary to expectation) almost independent of the distribution of the 
solute between the mobile and the stationary phase. 

GIDDINGS~ explained the first point as the result of the influence of transversal 
molecular diffusion on peak broadening by eddy diffusion, yielding the expression : 

A 

I JrE/21 ‘(2) 
where E is a constant. In GLC, E/u B I, so that eqn. (2) is approximately (A/E)u. 
Therefore, in GLC eddy diffusion does not give rise to a velocity-independent term, 
but contributes to the term proportional to ZL. 

The second point is generally ascribed to the effect of unevenness of flow on a 
much larger scale than in the case of eddy diffusion- the scales being of the order of 
the column and the particle diameters respectively. This contribution to peak broaden- 
ingwasgiven by VAN I~ERGE,I-IAARHOFF,ANDPRETORIUS~ as Fti, but more correctly 
by SIE AND RIJNDERS" as: 

F 

G + I/M (3) 
where F and G are constants. In GLC, I/ZL >> G, so that ejn. (3) is approximately Fu. 

Turning now to paper chromatography, we note the following points: 
(I) Due to the low flow rates, the terms A/(X + E/zb) % (A/E)M, CM~, CSZL and 

W(G + r/zb) w Fu are likely to be small. 
(2) The homogeneity of chromatography paper results in a remarkable evenness 
-another reason for the expectation that the term FM will be small. of flow 
(3) The diffusion coefficients in the mobile ,ancJ the stationary phase being of the 

same order, peak broadening by longitudinal diffusion in the stationary phase‘cannot 
n ;hriori be neglected (as was done by VAN' DEEMTER et a2. for GLC).’ It can be. shown 
easily0 that: 

'+diff = (2 YMDMKF -I- 2 y&s (1 - %)}fl (4) 

where : 

Y = tortuosity factor 
D = diffusion coefficient 
Rp = ratio of the distances covered by the solute and by the eluent 
t = diffusion time 

These points are fully borne out ,by experiment: 
Using long elution times and, consequently, low mean flow rates (- 0.0005 

cmsec-1) DE LIGNY AND BAX~~ showed that under these conditions peak broadening 
is governed by longitudinal diffusion, both in the stationary and the mobile phase. 
They found (for Schleicher and Schiill zo43a paper) : 

I’M = o.G8&-o.og* 

Ys = 0.06&o.or 
A/E-I-CM-/-CS+F<~~~~~ 

., ‘., 

* Accuracy is given throughout this paper as the 90% probability interval. 

J. ChVoPftatO&., 33 (1968) 2427254 
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Working at flow rates between 0.0003 and 0.002 cm.sec-l DE LIGNY AND 
REMIJNSE' found (for Whatman No. I paper) : 

Y&I = 0.65-&0.26 
YS = o.r3&0.04. 
A/E -/- CM -/- CS -J- F = 4-10 set 

At Aow rates which are obtained in practice ( - 0.001: cmsec-1) longitudinal diffusion 
appeared to cause about half of the total peak broadening. 

For thin-layer chromatography, points (2) and (3) mentioned for paper chro- 
matography apply as well. However, due to the higher flow rates obtained in this 
technique (- 0.003 cmsec-1) the contribution oflongitudinal diffusion to peak broaden- 
ing will be small. The remaining part can therefore be estimated quite accurately and 
it might be possible to estimate the relative importance of the various contributing 
terms. An important difference between these terms lies in their dependence on the 
distribution of the solute between the mobile and the stationary phase: the terms 
A/(1 + E/u) and F/(G + I@) are independent of this distribution, whereas CM and 
CS are equal to: 

CM 
k” = 0.01 

(I + k)” -g = 
d2J2 0.01 (I - Rp)2 - 
DM 

Cs = 2 k d,% 
3 (I + k)” G = 

where : 

(5) 

(6) 

k = ratio of the amounts of solute in the stationary’ and the mobile phase, at 
equilibrium 

2, = diameter of the support particles 
df 4 thickness of the layer of stationary fluid 

Therefore, the relative importance of these four terms might be estimated by 
determining (62 c h rom-~2di~f)/I for a series, of solutes having widely different RR values 
and approximately equal diffusion coefficients. 

EXPERIMENTAL 

Chemicals 
The following chemicals were used: 
(I) L-a,y-diaminobutyric acid; (2) r.,-ornithine; (3) L-aspartic acid; (4) z-gluta- 

mic acid; (5) L-threonine; (6) L-cr-aminobutyric acid; (7) L-methionine; (8) L-valine; + 

(9) L-norvaline ; ( r 0) L-leucine. 
All amino acids were purchased from Fluka and were “chromatographically 

pure”. 
Cellulose powders : Macherey and Nagel 300, Camag D, Whatman, CC 41, 

Schleicher .and Schtill 144, 140 dg and 142 dg. 
I.. 

Procedure 
VdUeS .for j, Rp and CF~ c h p,-,m were taken from previous works. Values of 02dirr 

1. Ch’OW’ZCZtOg.; 33 (1968) :2~+2-254 
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IFigs. 1-5. Mean dues of n”diff and their c~oo/n‘ probabi- 
lity intervals as a function of Rp. Diffusion times are: 
M & N 300, 75600 set; Carnal: D. 74400’ set;’ What- 
man CC41, 82200 scc;S & S 144,756oosec; S & S 142 dg, 
75600 sec. :. : _, 
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were determined by applying bands of each of the ten amino acids to a thin-layer 
plate*. Thecplate was’placed, coated side down, on two glass rods around which filter 
paper had been wrapped, and equilibrated with the vapour of the lower layer of a 
4:~ :5 butanol-acetic acid-water mixture for 18.5 11 at 21.5~. Then an amount of the 
upper layer (the eluent used in the chromatographic ‘experiments) was poured into 
the trough containing the plate and glass rods, so that the liquid ran up into the paper 
and cellulose powder from both ends. When, after a few minutes, both liquid fronts 
had reached each other, the liquid stayed at rest for the remainder of ca. 31 11 during 
which time the amino acids were allowed to diffuse in the cellulose powder, at gx.5”. 
Then the plate was dried and stained, and the densitogram obtained. From the peak 
widths at half height, the peak variances were obtained, and corrected for the variances, 
originating during the equilibration period 8. The experiments were performed in 
duplicate, 

RESULTS 

The mean values of &ipp and their 90% probability intervals are shown as a 
function of RF in Figs. r-5. The mean values of Z, RF, ‘a2 h c ram, t+difp (recalculated for 
a diffusion time equal to the elution time in the chromatography experiments) and 
(~2,hrom-~2dll’e) /2 are given in Table I. 

DISCUSSION 

The values Of o”diff and 02&Iom are mean values of two and three determinations, 
respectively, and therefore have an approximately normal distribution, so that the 
usual statistical methods can be applied. 

In the first place it was ascertained, by ‘means of BARTLETT’S tests, that the 
variances of c&&e for a particular cellulose powder are homogeneous. 

According to eqn. (4) there is a linear relationship between G’dipf and Rp, if the 
diffusion coefficients of the solutes are approximately equal. It follows from the 
equation of WILRE AND PIN CHANGE that in our case the individual difusion coefficients 
do not deviate more than 10% from their mean value (which is about the accuracy 
of the values, calculated by this equation). The relationship between 6’diPf and RF 
was calculated by the method of least squares, allocating equal statistical weights to 

‘I’ABLE II 

VALUES OF y&f AND ys TN THIN-LAYER CHROMATOGRAPHY 

Cellulose powder yiv Ys 

IU & N 300 0.52 & 0.33 0.03 f 0.09 
Cstnsg D 0.42 f 0.29 0.02 f 0.08 

Whatman CC 41 0.40 f 0.08 0.04 f 0.02 
S&Sr44 0.37 & 0. co 
s & s r‘~“-clg 

0.02 f:o.o3 
0.62 f 0.09 -0.04 f 0.03 

-- 

J. Chro~rftdo~., 33. (‘Zg68) 242-254 
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the values of &difr. The corresponding straight lines are shown in Figs: 1-5. From their 
slopes and intercepts, together with the calculated values of DM and Ds” and the 
known diffusion times, ye and ys can be calculated. These values are given in Table II, 

We note the following points: 
(a) ,The calculated lines represent the measurements very well, passing through 

4s out of the 50 go% probability intervals (this would still hold if in the case of S & S 
142 dg the line was constrained through the origin). 

(b) 4 out of the 5 ys values are positive. The chance.of obtaining this result if, 
in reality, ys is zero is only g /0 O lo. Therefore, it is also very ,probable that in thin-layer 
chromatography longitudinal diffusion in the stationary phase contributes to peak 
broadening. 

(c) The spread of the y values is somewhat larger than can be accounted for 
on the basis of the estimated accuracies. However, if the data for S & S 142 dg are 
omitted (the negative ys value being impossible and the YM value being abnormally 
high because of the abnormally low ys value) the remaining data are not significantly 
different. Hence, it is probably justified to state that peak broadening by longitudinal 
diffutiion in thin-layer chromatography is governed by the weighted mean values 
Tn!f= o.3g&-0.06 and ;jss = 0.03~0,02. Both are appreciably smaller than the values 
obtained for paper chromatography. 

We are now also able to calculate C&ipP for S & S 140 dg, a powder that was 
taken from the market since the chromatographic data were obtained. 

In the’ first place it was investigated, by means of BARTLETT’S tests, whether 
the variances of o’chrom for a particular cellulose powder are homogeneous. 2 out of 
the 6 tests gave significant results on the 10% probability level. This suggests strongly 
that the variances are not homogeneous (the chance of obtaining the above mentioned 
result if the variances are, in reality, homogeneous is only 3%). 

Reasoning that the’variance of ~9 1 c lrOm probably depends mainly on the magni- 
tude of cPcrlrom, log var (b”chrom) was plotted vs. log o2 c h ram and the best straight line 
through the,points was determined, assuming that the accuracies of log var (62chrom) 
and log +2chr0ti are unknownll. It appeared that var (02,hr0m) iS proportional to 
(02chr0#“. From this graph var(&hr,-,m) was’read ,land combined with var(b2diPP) to 
yield var( (65&r0m-62dipf) /l} .’ 

It is immediately clear from Table I that the values of (~~&~~-cr~~ifp)/Z strongly 
decrease when Rp increases. This suggests that the major part of the residual peak 
broadening is caused by the Cnfu term, which is, according to eqn. (s), proportional 
to (I - RF)~. 

Therefore, the best linear relationship between, (b2chr0m-b2dipf)/L and (I - RF)~ 
was calculated by the method of least squares, allocating to the values of (02,hrom- 

02diff)/j statistical weights, inversely related to their variances. (See Figs. 6-11.) ” 

The following points are noted: 
(a) Only three out of the six intercepts are positive, which makes it probable 

that there are no measurable contributions to the residual peak broadening from 
other terms than the C~U term. 

s! C?LVoma@., 33 (1968) 242-254 
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(b) The lines constrained through the origin (i.e., tile CJ~ZL terms alone) represent 
the measurements fairlv well, passing through 37 out of the 54 90% probability inter- 
t-als. 

(c) From the sIopes of the lines, constrained through the origin, the values of 
the cffecti\Te particle diameter, dP, can be calculated as follows: 

In thin-la>-er (and paper) chromatography the flow rate of the elucnt at the 
snlvent front, ~rf, is inversel>T proportional to the distance from the surface of the 
eluent in the tank to the solvent front, If 12: 

Frc-)nl the knt-)x%-n \~lucrs of tile distance from the surface of tile eluent to the 
starting point, lo, and If (I and I I cm, respectively-, in our esperiments) and of 
f r*lutjon, tl1C x-alue Of /C can be (:ZllCUlClted t>J-: 

The flow rate bellind the front, zc, is about zo’,‘& lowerk2 than ILL (for X1.1 < 0.8). 
-44s a consequence of the gradually decreasing flow rate, the observed mean plate 

lleight is equal to : 

(9) 
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‘ABLE III 

:ESISTANCE TO MASS TRANSFER IN *rHI;: MOBILE PI<ASE IN '~I.IIN-LAYER CHROI~IATOCZ~NI~ 
. 

.Yw, 
?bllzr2ose iz 21 CfiI‘ii/fr---Xp)~ c&l/(I-Rxp)” d, 
3owdeY (~2~ * set-l) (cm * set-I) (cm) = 0.01 d,‘lDfir (cm) 

(set) 

d, (manufac- 
tuwv’s data) 
(cm) 

LI ,& N 300 O.OIG8 o.oor5 o.ooqo 2.6 0.028 If 0.008 < 0.0040* 
Zamag D 0.0184 0.0014 0.0057 

;.; 
0.032 f 0.002 O.OOI-0.0025* 

Whatman CC 41 0.0286 0.0025 0.0189 0.047 f 0.004 0,0008 
r &s 144 0.0366 0.0032 0.0232 7.0 ’ 0.046 f 0.005 0.001g 
6 &S clg 142 0.0391 0.0034 0.0131 0.034 ‘f 0.003 
1 &S 14oclg o.oGgo o.ooGo 0.0@3 0.052 & 0.006 

Dikl = 3.07 *10-o [cm3 * see-l]O 
* Personal communication. 

CONCLUSlONS 

(r) Longitudinal diffusion in the stationary phase contributes to peak broadening 
in thin-layer chromatography. 

(2) The tortuosity factors for longitudinal diffusion are y&f G o.3gAo.06 and 

YS = 0.03&0.0,2. 
(3) Peak broadening in thin-layer chromatography is exclusively caused by 

longitudinal diffusion and by resistance to mass transfer in the mobile phase. 
(4) The values of the effective’ particle diameter ‘cEp, calculated from the values 

of the mass-transfer term are much larger than the values given by the manufacturers. 
The reason is probably that the cellulose particles clog together, thus forming large 
aggregates. 
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DISCUSSION 

PROCI-~KA (to Dr. DE LIGNY) : You,have,mentioned that the greater sharpness 
of the spots in TLC is partly. due to the greater flow rate of the solvent. It is obvious 
that the longer the chromatography, the greater will be the -diffusion. However, in 
my opinion the predominant factor for the sharpness of .the spots in TLC is simply 

J. CJtromatofi., 33 (s968) 242-254 
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adsorption on the adsorbent preventing the substance from diffusion. Grain diameter 
will usually play an important role in the separation. It will affect the flow rate and 
the number of active sites per given amount of adsorbent. 

DE LIGNY : We used, in thin-layer chromatography as well as in paper chromato- 
graphy, the 4 :I :s butanol-acetic acid-water system, which separates into two layers, 
and equilibrated the cellulose powder or paper for 20 II with the vapour of the lower 
layer. So I think we had mainly partition, rather than adsorption, in both techniques. 

As I showed, tortuosity factors in thin-layer chromatography are much smaller 
than in paper chromatography. This is an important cause for the smaller HETP 
values obtained in thin-layer chromatography. 

P~OCHAZKA: How would you explain that substances on the same chromato- 
gram, where all of them were in contact with the solvent for the same length of time, 
have different shapes? Those near the front are always more diffuse. I think that it is 
simply because they are less adsorbed and have more time to diffuse, since the pro- 
portion of time they are in the mobile phase is longer than the time they are on the 
adsorbent. 

DE LIGNY: I agree with your explanation. 
GXNSHIRT: Are the terms for the various diffusions of the VAN DEEMTER equation 

in the case of crystalline cellulose similar to the conditions prevailing on the TLC 
sorption layers or to the diffusion conditions in the sheet paper chromatography? 

DE LIGNY: ,We have no experience with papers made of crystalline cellulose, 
but we have started an investigation into dispersion in paper chromatography analo- 
gous to the investigation described for TLC. It would be of‘ interest to include a 
paper made of crystalline cellulose in this study. 

GRUNE : Comparative studies between crystalline cellulose and paper might be 
misleading if considered from the point of cellulose chemistry, since crystalline cellulose 
has been pre-treated with acid and the amorphous micellary portion has been removed 
to a greater extent. Paper fibre has not been subjected to this pre-treatment and con- 
sequently still contains the amorphous micellary portion. 

HAIS : The influence of flow rate can be studied independently of other properties 
of the sorbent, at least as far as the redzcctio~z of flow rate is concerned. The cross-section 
of the initial part of the flow bed can be limited and the flow slowed down by cutting 
or scraping off part of the material, ‘thus making windows of appropriate size, or lay 
attaching a slow-running paper to the starting edge. 

FRANC : The VAN DEEMTER equation is well known in GC. This equation expresses 
the depende,nce of the number of theoretical ,plates on various factors. It shows that 
there exist optimum conditions, namely a certain grain size and carrier gas velocity. 
Thus, according to the conditions in the actual case, higher flow velocity of the mobile 
phase may improve or impair separation respectively. _ .* 

BRENNER: It has been stated that better separations were often observed on 
prefabricated than on individually spread layers, and Mr. PETROWITZ has suggested 
that this might be ascribed to the lower flow velocity on prefabricated layers. According 
to Mr. FRANC, this suggestion is supported by the VAN DEEMTER equation. Tf in this 
connection better separation means smaller spot diameters, decrease of spot diameter 
takes .place whenmigration rate of the solvent increases : If. the most rapidly migrating 
dye ,from, the STAHL’ test, dye’mixture is chromatographed in such a way’ that the 
distance between the immersion line and the spot .is constant, then the distance be- 

f. ChVOMfOg., .33 (1968) 242-25i$ 
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‘.,‘,ttieen. the immersion; ‘level and ,the front during the, whole‘, experiment obviously: 
,’ 

” remains shorter than wi,th “the standard : procedure. ‘This, causes ‘an ‘; increase, ,‘in the, 
solvent migration rate. Result : After the same,distance the dye spot is less diffuse than 

i with, the dtandard.‘$rocedure (Kieselgel, G). Here;‘Mr: FFANC, we see,mto,,‘be onthat 
., branch of the :V$ti DEEMTER hyperbola which indicates an increase in’the plate number 

.,” 

‘accompanying an ,increase in flow’ velocity. “’ ‘. 

’ By the way, even if we apply the standard procedure on the test n!iixture,‘simple 
.,‘. , : 

‘inspection gives us the8 impression that the separation process is more efficient ‘in. the 
initial stage (“start effect’!), than in the later stages when the front hasprogressed and 
the, flow velocity has b,een slowed down accordingly. In this connection, I ‘should ‘like 
to remind of the centrifugation technique in PC, ,. I., ‘: ” ‘., “‘I.‘, ‘, 

Gnii~E :j: We have studied. the loading (ik: the amount of ‘solvent held on .the 
paper) of the, ascend&t paper chromatogram .-with the mobile solvent Just ,abov&’ 
the line of immersion there is ,a very -high loading,’ then follows: a zone of a ~relatively 
constant loading,Iand finallyj a rather steep drop.‘The separation thus depends on' the 

“,dist’ance from.the line ‘of,immersion. . ,, .I’. 

HATS :, Ij?rqf. BRENNER has mentioned a case where the separation of a’dye mixture, 
is best at the, beginning of chromatography.’ At’ the ; beginning the :concentration : is 
higher and the solutes can compete-for the adsorption sitesand.displace ,one’another. 
In paper chromatograph’$ we can often observe initially forruation of, thin~contiguous 
‘pigment+zones; sometimes’ even resulting from a circular. origin spot. Gradually, they 
then become ,‘more,,diffuse., On, ,the, other hand, there may ‘be cases when an excessive 
rate ,of flo,w at the ~.vdr$~~begirining does not permit ‘equilibrium, to be’ acliieved and 
causes blurring; the solut’es.only begin’ to separate ,in.,tlie ‘subsequent stages;, ” ‘, 

E&ENNER : IX&: objection put forward by Dr. WAIT ‘against niy, interpretation’,.‘, 
namely, that ,mutual displacement could,account f&the, %tart~ effect’?, seems to be’ ill 
grounde,d, in ,yi&w ,of ‘the’. very small amount .of substances: ‘applied ;. all the .&me, a, 
,_e@ficatiori set&m indicated.,:, ‘.’ ; ‘. ‘. ‘, ’ :‘I : ,: ,: 

: .- : 0~ the,dther hand, 1, agree with Dr. PR~&-&ICA that gramdiameter might play 
an ‘important ,role.:Besides,’ the higher degree of homogeneity 'of the commercial layers 
-might have’ a ‘favourable’ effect. Notoriously;~,it ,is generally’valid that,,tlleniore’ home-; 
:‘,genoous the layer,. the higher the number of theoretical plates. ,If rapid flow’:is ‘accom-. 
panied, ,by ,bad, separation this ,is’ not due,‘to the’ rapid flow, itself but rather’ to’ the 
inhomogeneity of the fiow bed or coarseness of the ‘grain which ‘reduce. the number of 
demerit+-y .pl&s. ‘, .’ ,‘, ., ‘, : ’ : ‘, 

‘. 

.,,‘, 
‘HAIS’: It’ is also conceivable that a steep gradient ‘(“second front’ )) passes the 

,’ origin very early, thus concentrating the substances during the initial stages ; only then 
they begin ,to ‘diffuse. Dr. GRUNT: may have had::this. i,? mind when making her re- ‘. ,, .” mark. ‘. ‘:, : .: ,., ‘. ..‘, . . 

G&&s : In case of protracted: development 1 there is. always the danger’, that’ any' 
; 

. . 

: imperfection %f- the proc&dure’I,becomes : ,nGxjz ,pronounced ; t,hus, :in y th& case of the, .m. ‘, 
“chimney. effect; when the chamber,leaks, at, tlie’ bottom’,: or, in the case of cdndensation 
-,tlie untowardeffect in~~eases:prdportionally~ with. time. It may happen, .e.g.; ‘that ior, 

,,‘. 

~~,~15o..mir$of~ devdlo$-nent the,,front doesnotproceed beyori@,:ro cm; +ile,nearer to; the 
‘.‘origin’the ~~i~~~~.is’still.:rcinning.~~$ carrying tlle,solutes;,,aiitllis only,because there’is~ ,. 
“,a diff&&ce,~of o;s~;:&tween tl& plate and th&$-&-&&~$i&.~ :.; _‘., ,‘,,: I ,! ‘.,‘,:: ‘, .:’ _, :.‘,:‘;. .i 

DE LicNG’:::I.:w,dU’ld.not agree, with the general:sf~te~e’n~‘.~f~:Prof. .&&N&tha’c : ,.. . I.. -’ * ,‘, ., ., ,. 
.‘/.. :. ,. (, ‘. .; :, ;:, ‘. ., :. .,“,’ ,; :,... ,‘. *,; II ,, ,:;: ‘., 

.,’ ,,: .,, ., ‘,‘!,! ., : ;. .x’. .I ‘, ‘., .: ,, :., .:::;,. ,,,.; 
“’ , ;” : ‘. ,!,., :, .’ . 
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the flow rates are too small. We made experiments .with the butanol-acetic acid-water 
system using different flow rates and plotted plate height as a function of flow rate. 

From H--ZL curves obtained for Whatman No. I paper it follows that the optimum 
mean flow rate of the eluent,‘corresponding with the minimum Hi value, is about 0.001 
cm. .st3+, ik., an .elution time of 6 h for a travelling distance of the eluent of 20 cm. 
This is about the mean flow rate obtained in practice. 

GEISS,: Now did you measure the flow rate? 
DE LIGNY: We used a sheet, on which we applied the samples at different 

distances ,(ranging from 5 to 35 cm] from the surface of the eluent in the reservoir. 
Only the average flow rate for a .travelling distance of the eluent of 5 cm was measured, 
yet we obtained a fairly good VAN DEEMTER curve. 

BRENNER : If I understood correctly, Mr. Da LIGNY uses the formula zG/cE = 16 N 
for the,estimation of the HETP. For a given plate, a given compound and a given sol- 
vent this formula yields, according to the time of measurement (or ,the length of d, 
respectively), different values, since the solvent does not advance, at a.linear rate in 
function of time, but in function of the square root of time. How,is it thus possible to 
reach a’definite result using this formula? .’ 

‘DE LIGNY: In paper and thin-layer chromatography the compound which is 
used to measure,the plate height travels at an ever decreasing rate; because the flow 
rate @the eluent is gradually slowing down. Therefore, in the VAN DEEMTER equation 
I’,:i :.: : ,, 

N = ,A + B/a + czc. 

..” 

ZL is the average flow rate of t&e eluent. 
BRENNER: Xf we pass to ,the columns we should like to obtain the same chromato- 

graphic migration as in the layers. ,A, few years ago,, FUCHS demonstrated, that, if the 
solvent is ,allowed .to penetrate the column in the capillary fashion”without:.being 
forced into it, a similar separation is obtained in the column as in the >plate.. It is 
diffi,cult,‘however, to introduce the solvent on an adsorption column in a capillary 
fashion, and. nevertheless efficiently. ‘, .’ ,’ 


