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SUMMARY

A method for the in sitw quantitative analysis of thin layer chromatographic
zones on microscope slides is described. It comprises the quantitative application of
1 ul of solution to the plate, two-dimensional scanning of the zone with a point of
monochromatic illumination, then off-line data processing by computer so that a
simplified form of the general KUBELKA-MUNK equation for transmission can be
applied. The standard deviation observed on independently analysed o0.510 ug loads
of acetone dinitrophenylhydrazone on silica gel thin layers using the experimental
prototype apparatus is 2.79%,.

INTRODUCTION

The purpose of this paper is to demonstrate the feasibility of quantitative
analysis ## situ on thin layer chromatograms by an absorptiometric method based
upon the optical properties of light-scattering thin layers, and to indicate the order
of precision attainable.

Quantitative analysis on paper and thin layer chromatograms by light ab-
sorption has been attempted by various workers'='%, and several instruments are at
present marketed for this purpose. The bulk of the methods published are empirical
in nature.

The exact relation between incident and emergent light energy in highly
scattering media is complex, so in an earlier paper'® we have developed an approxi-
mate equation relating all the important variables that remain after applying
appropriate constraints. The equation is based on a simplified theory of radiative
transfer. It is hoped that the advantages of having a theoretical basis, rather than
resorting to complete empiricism, will outweigh the disadvantage of increased
complexity of the analytical method. The advantages expected are a wide generality
of application, and an accuracy which is only dependent on the control or estimation
of known variables. The disadvantage of complexity is quite serious, but the in-
creasing use of high-speed computers for data processing has considerably reduced
this problem.
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THEORY

Summary

In ref. 18 the advantages of transmission rather than reflection for 4% situ
quantitative analysis are defined. What is believed to be a sufficiently accurate, but
more easily used, approximation to the KUBELKA-MUNK transmission equation'®:2
is derived:

0.434 KX = zexp [—244] (4 + 0.4 4%) (1)

where:

0.434 KX is proportional to the weight of light-absorbing substance per unit
area and equals absorptivity x mg X cm™2

A, is the background absorbance due only to scattering (no absorbing substance
present). 4, is related to the scattering power (SX) of the thin layer by:

A, = log [1 + SX]

since

Ty=—=

1+ SX

and

I
Ay = log {7;}
A is the increase over the background absorbance due to the presence of a

light-absorbing substance.
" The equation is applicable over the range:

07 < Ay << 1.3
0o <4 <10

Furthermore, the KUBELKA-MUNK equation, and consequently equn. (I), can
only be applied when the measurements of the absorbances are carried out within
certain constraints. The more important experimental implications of these are:

(i) The light used must be sufficiently monochromatic.

(i) The absorption must be adequately uniform over the area illuminated.

(iii) The angular distribution of incident light must be constant.

(iv) The angular orientation of the light-collecting or measuring device must
not vary.

Application
From eqn. (1) it can be seen that the concentration (C) of a compound in
mg X cm~2 at any point on a thin layer chromatogram is given by:

2 exp [—24,]

C = (A -+ 0.4 A2)

a

where a is the absorptivity of the adsorbed substance in a chromatographic zone.
If (A4, + Ay) is substituted for 4, where 4, is a fixed standard absorbance
level, so that A4, = 4, — 4, then
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A
C — ZLp[aLﬂ_-exp [—244,] (A + 0.4 42 (2)

The quantity, M, in ug of a compound in a chromatographed zone is given by:

Zg Y2
M =1000 [ [ Cdydx

1 Y1

Tu Yz

<1000 X X CAy Ax (3)

Ty Y1

The limits v, to y, and ¥, to x, are taken as distances along perpendicular axes in the
plane of the thin layer, sufficient to include all the zone. The variations of C over the
distances Ax and Ay have to be small for the summation in eqn. (3) to approach the
true value of M. Substituting for C from eqn. (2}, into eqn. (3):

Ty Yy oA

M = 1000 X X 2exp [—244] exp [—2444] (A + 0.4 A% Ay Ax
z1 Y1 a
_ A ’ Ty Yy

~ &P [ 2—0—]-2000 2 X oexp[—244,] (A + 0.4 A% Ay Ax
a 1 Y1
The factor
exp [—24,]
a

is unknown, but it is constant and can be determined in practice by analysis of a
known weight of material. In the remaining factor

To Yz ‘

2000 X X exp [—244,] (4 + 0.4 A%) Ay Ax (4)

%1 Y1
the values of 44, and 4 are to be determined at intervals of Ax by Ay over the
whole area from y, to y, and from x, to x,. Before this is carried out, the following
points require consideration:

(r) The light used must be sufficiently monochromatic. This would follow by
inference from a demonstration that with the selected source and interference filter,
solutions of the test compound obey Beer’s law over the absorbance range in question.

(2) The measurement of absorbance is usually made over a small element of
area which has, to a first approximation, a uniform gradient of absorbance. Under
these conditions the experimental result (—log of the mean transmittance) is less
than the actual value.

It has been shown'® that when using uniform illumination, this bias is dependent
only upon the range of absorbance covered by the illuminating aperture. It will be
assumed, as a simplification, that the absorbance gradient is constant over the region
of the spot, 7.e. a conical absorbance profile, and negligible elsewhere. Then the
approximate percentage reduction, R, as a result of a bias, 8, on a measurement of
the “volume” of the absorbance profile of a spot of peak absorbance, P and diameter,
D, is given by:
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D2
i n4 30
R = 100" D =5 - 100Y,.
§P
4

Thus 1%, reduction in spot “volume” is brought about by a bias equal to £9, of the
peak height, 7.e. for a peak height of 0.5, this is 0.0017 absorbance.
The relation between bias, §, and absorbance range uniformly illuminated, 4

. sinh (1.151 d)
0 = log [ I.I51 4 —]

is derived in ref. 18, where the graph is also given. The exact derivation of bias for a
circular aperture and conical zone absorbance profile is complicated, and is not
warranted in this context. So, using the graph of the above relation between § and 4,
when 6 = o.0017, d == 0.1. With a spot of 0.5 absorbance peak height, the ratio of
the diameters of the illuminating aperture and spot must be less than 1:10 to produce
an illuminated absorbance range of less than 0.1, and thus less than 19, bias on the
final summated spot profile.

In the experiment below, the maximum peak absorbance was no greater than
0.5. As the spot diameters were in the range 5-8 mm the aperture of 0.5 mm, together
with some lateral diffusion of light in the thin layer, should only produce approxi-
mately 19, bias in the calculated results.

(3) The absorbance values, when estimated, are the combination of background
and sample absorbance, A4, 4 A. The procedure used to separate 4 and 44, was to
interpolate the values of 44, within the zone from measurements around the periph-
ery of the scanned region, where the value of A4 is known to be zero. Subtracting
the interpolated A4, values from the measurements within the zone then gives 4
at each point.

I L)
0
l /%é% 5

*1 %2

Fig. 1. Diagrammatic representation of the path of the light spot (——) over a chromatographic
zone (hatched area).
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{4) Finally some means of obtaining the many absorption estimates at known
spacings, Ax and Ay, in the two dimensions, # and ¥, is required. This can be ac-
complished by the use of some type of scanning motion with successively displaced
scans. Two alternatives are possible. To scan the thin layer by a moving light spot,
or to move the thin layer and keep the light beam stationary. We devised a mechanism
to move the chromatographic slide rather than the light spot. In this way we were
able to keep both the angular distribution of incident light, and the collection angle
of the photomultiplier constant, as required by conditions (iii) and (iv) above.

The mechanism used for scanning (see later) gave a saw-toothed motion to the
plate (Fig. 1). Ax was taken as the average spacing between scans. The actual spacing
with this saw-tooth motion varies from o to 2 4x from one end of the scan to the
other. Although this does not affect the calculations, the efficiency of this type of
scanning is decreased towards the ends of the scans because of the unequal spacing.
However the absorbance gradients in these regions are lower than in the central
portion of the scan so that the lower efficiency can be tolerated. The transverse
spacing Ay is obtained as the distance, perpendicular to the overall motion, between
successive readings.

Having obtained A4, 4, Ax and Ay, these values are substituted into the
expression (4) and summated to give a single value which is proportional to ug of
compound in the zone. The constant of proportionality is

exp [—24,']

a
As the expression exp [—2 A4,] (A + 0.4 A2) has to be evaluated [(xy — %)
(v — 1) 1/(Ax Ay) times where Ax and Ay are of the order of 0.05 cm, and (x5, — %4)
and (y, — v,) are of the order of 1.5 cm, the number of times the expression is calcu-
lated is about goo per analysis, before summation. Thus, to be useful, this method of
analysis must have some rapid automatic means of computation.

EXPERIMENTAL

Instrumentation

The instrument used to apply the above concepts to quantitative analysis of
thin layer chromatograms was constructed by modifications and additions to a
Chromoscan densitometer (Joyce Loebl & Co. Ltd., Gateshead, England). Ideally, a
new class of instrument would be preferable and more generally useful. However,
for use in an exploratory experiment, of the type described below, the limitations of
slow speed and poor wavelength selection imposed by adapting an existing instrument
are not very serious.

The recording densitometer was fitted with a quartz iodine source, a 0.5 mm
circular aperture, and a 420 nm interference filter with a half band width of 15 nm.
The linear motion carriage and associated mechanism was dismantled and removed.
The transmission photomultiplier stand was replaced by one occupying less space.

Inside the now empty sample compartment four legs were fitted, each with a
1 mm pitch (OB.A.) half nut soldered to the top. These support the scanning mecha-
nism, shown in Fig. 2, by the two horizontal T mm pitch screwed rods. When these
screwed rods rotate they impart a horizontal motion (x axis) to the mechanism, and
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TABLE I

J. GOLDMAN, R. R. GOODALL

K AUTOCODE COMPUTER PROGRAM USED IN THE CALCULATION OF THE RESULTS

title
ici/k/37237/8 j.goldman(pharm) adtlc analysis

chaptenro

a»ze, b zaoom, 030, sho3200%, ¥Cor110%, 0+ 110%, K4 110
Corzxo -

1)nevpagn

read data title

h%ad(f,ao,a:)u,(scaLe and hase line)

£

e=0
2 headyord(a,p,d,r, 3)
35junp(z)a>9;,zséarch for 18t scan)

(read in data)
J=0,2,100
=1

b(goi+i)=a

4)i=1+z

readword(b(303+1),n,d,r, 5)

5)3ump (730 (30 +1)=—1~, (end of data)
S=8+1

jump%:73q#4u,(misnun0h)

Juop(x hgsoj+i)>999
6)jump{22)1i>6o%, (5Can too wide)
Jumpé4 h(z0i+i >%

Jump{a)isdz=, (extra scan markers)
as=h{30]+l

=i~z

K{3)=dirmins{ee si)w, (kK(J)=width of jth scan)
k§j+1)=i—ﬁ(§g 530% ( ,
sz, z,k(J*z)~, (split double scans
d1=h (ot k(IR (J4z)+2-1)

repeat

I=1,1,k(j+:)
b( 5003417 )+1)=di
repeat
mg=gw~, (3=n0 of data points)
repeats, j=j+a
=3+
k=k (#min{ko,o0,n=2))
2n=~5/3~, (g=mean no of data per scan)

{interpolate mispunched data values)
J=1,1,n=1%, (renmove scan markers and adjacent points)
i=3a,1,Kk-1%, (~Leave space round matrix)
~b(jk+i)=h(350j+i~29)

repeat

repeat

;ump(:z)f=ou,(no errors)

I=1,1,K

~h(nk+i)==bi=10000

repea’

A=k, k,nk

shi=esb(i-lt+1)=10000

nepeat

1, 1;N=1#, (Seanch Tor errors)
3)i=gmax(=bo, jk+a, ke (J+1~)-1)
Jump{zz)mbisdioco~,b=0

=0

BMY=—I,I,1

mg—: fom (search for adjacent correct data points)
jumng)wbzl+~qk+m)>:ooo

e=e+~b(i+~qk+m)

Ush+z

g)repeat

repeat

Jurp(zo)l>o

nlcaption

too many mispunches around scan

print(i-1,2,0)

caption

point

print (ite-kdintpt(i/k), z,0)

Fump{z) . . N
To)mbise/Le, (conpected data value inserted)

t=t -1, (ONG LeSS error Left)

Junp(za)t=o
Junp(8)

(doternine Length of zone)

13)repeat,

12)n=n-2m, (n=no of Last scan)

k=k=2~, (k=no of points per scan)

j=o,1,n%, {remove margln,correct—)

i , (~for drift,convert to absorbance)

%?;ﬂii?:fm(xb(#(k+2z§ﬂ(j+zm)+i+1)+%(ao~(j"ﬂﬂ)-jalw)/“”)

repeat
repeat

J=o,1,M i
Ci=h (fmax (bo, Jk+z Kk +k) )=, (o=(db/d1)isL)
repeat
J=r,I,m

wcj=c%-c(3—:)

reped A
wizgmax(~co,1,n)~, {front of spgt)
w5=Bmin{=co, 1,N)~, (hack of spot)

e,

15)J=i-1
jﬁmp$:4g§§j~>o.o:

ump{x313>75
24)Zi=f—5w:(i=start of spot)
S

15)j=itr
jymn%:sggog>—o.o:
Sunp(zs)iesn—a4
i@)gj=j+is,(j=end of spot)

(interpolate background to Tind sample absorbance}
J=ely1,8]

sC=mb=o

M=j=2,1,j+2

jump (24 )msdo

Jump(asim>n )
~b=~b+b£mk+xg+bimk+z)
mC=eCHD (MK ) +b (mic+k~1 )
Jump(z3)

24)~b=sbibr+bz
se=rCHbichb (k-1 )

Jump(23)

25 )mb=sDb (N )b (nik+2)
~mCmeGHh (K+HK ) +b (nk+k—1)
as)repeat

thus to the chromatographic slide. The vertical motion (y direction) is provided by
having the slide holder aligned by a tongue and groove at one end and fixed to a T mm
pitch nut on a vertical screwed rod at the other. This vertical rod is driven via a
27:1 gear ratio from a half-crown and pinion assembly which provides alternately
13.5 cycles in one direction and 13.5 cycles in the other. Both the half-crown and the
horizontal shafts are driven from the same 1.2 r.p.m. synchronous motor. The
horizontal screw drive rotates 0.583 times during each half cycle of the half-crown
producing 0.583 mm horizontal motion between scans. The scanning mechanism is
made from F.A.C. Construction System (sold by Transitoria Trading Company A.B.,
Stockholm, Sweden) except for the screwed rods and microscope slide holder.
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2,1,%42

ke (wik+mn ) +eb (siKHCHD)
wCmeC+ab (K ) +ab (miR=K+m)
repeat

Jemika

s I,7J=2 -
mh(Jk+1)=mb (ki) ~o. 1a(mbe(sj=Jn ) tucn(j-nin)e) /p(nj-ris)

repea
repeat

(apply simple k~-m eqn and summate)
e li=o

Jemita,1,m8j-2
=fj=o
i=3,1,Kk-2

b(jk+1)=b{jk+i)=~b(jk+i), (background)
gd3=mdj+~h%

~p=ee+h (JR+1)

repeat

2admndtndie, (integrate)

reneat

(print out results)

mpre /m (K go ) (mjmiegm) =, (e=avg background)
nleaption

micrograns ¥ absorpltivity x exp{zae)=
print(zsy.5#d/d, 4,2

nledption

mean background absonbance=

printise,z,3

nleaption

with max of
print(b(gmax(bo,~ik+r,Ke(~j+12))),1,3)
caption

and min of .
print(b(gnin(bo,~ik+1, ke(sj+1~))),1,3)
nlcaption

Length of scan used=
print(os 58339 (=j=~it1n), 2,1)

caption

mm

ntcaption

with

print{os 5833~i,2,1)

caption R
mm spare at start
nlecaption

and i
print(o. 5033~ (n-~i~), 2,1}
caption

mm spare at end
nleaption

width of scan=
print(zs.s%/g,2,1)
caption

jk+i)u(1+o.4~b(3k+i)z)¢exp(—zb(jk+i))w,(k-m)

ne

nteaption

nunber of interpolated mispunches=
print(~t, 3,0

newline

(print out zone absorbance matrix)
i=K,~1,K~1

newline

Jeed, 1,a

print(rooh(ki+i)y 2,0)

repea

repeat

d=lt=2,~1,3

newline R s
print{zooh (Kwitl), 2, 0™, xooh (Kritk+1), 2,0)
Jueidta, Tyml-2

pPiﬂt%:oonb(kj+i),z,o)

repea : .
print{zooh(kej~k+l), 2, 07, 100b(kej+id, 2,0)
repeat

Imz,~1,1

newl ine

Jenl,zen]

print(zooh(jk+i), 240}

repea

repeat

junp(z)

(correct or replace mispunches)

17)3jump (8)p+rio

jump{z8 q¢3~,gznd digit 6 missing) .
b(g0j+i)=60+b{z0i+i)+oodintpt(o.1b(30]+i))
jump(e)

IB)Jumpgzo)J=o L

jumnéz: ek (=2 )4k (G~2)~, (not end of scan)
To)b{z0J+i)=0

junp(s) .
zg;%ump(:9;i>53¢,(end of zst scan)

2x )b (303+1)=10000

t=ttres, (t=no of Inteprpolable mispunches)
afet

Jump(6)

2z2)nbeaption

scan marker missing after scan

QFinT(g,sao

Jump (x

close

The pen drive wire on the Chromoscan was extended by the manufacturer to
operate a “slave’” potentiometer. Approximately 10 V was applied across the two
ends from 5 lead/acid accumulators via two trimming potentiometers for “scale” and
“baseline’ adjustment. The output from the rotating contact, adjusted to be within
the range 1.00 to 9.99 V, was fed into a prototype digitiser and encoder (see Ac-
knowledgements) to supply a digital output of 1 unit per 0.01 V in Mercury code at
constant intervals of 0.926 sec. This output was punched on to 5 hole tape by a Creed

25 character/sec punch.

Connected to the motor shaft of the scanning mechanism was an arm which
closed a microswitch momentarily once each cycle. This operated a short circuit in
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Fig. 2. Scanning mechanism, assembled from F.A.C. Construction System, so as to fit into the
sample compartment of a Joyce Loebl Chromoscan. It imparts a saw-tooth motion to the mi-
croscope slide chromatogram placed in the holder.

the output voltage for about 1 sec to give one or two readings of 0.00 V. The arm was
adjusted to operate when the light spot was at one extremity of the traverse across
the chromatographic plate.

Program

A computer program was written in K Autocode (see Table I) to carry out the
calculations on the data required for the analysis. The program aligns the data into
the separate consecutive scans across the thin layer using the zero values as markers.
The data which is in the form of integers between 100 and ggg is then converted into
absorbance relative to the standard absorbance level and corrected for any instru-
mental drift during the experiment. The position and extent of the chromatographic
zone is determined and the absorbance values around it are used to interpolate A4,
values for each point in the region containing the zone. These are then subtracted
from the absorbance values in this region to give sample absorbances 4 for each
point. The value of the expression exp [—2 A4,] (4 + 0.4 A2) is calculated for each
point and then summated over the whole region containing the zone. The result is
multiplied by 2000 Ax Ay after calculating the value of Ay (the size of Ay varies
slightly as it is dependent on the time interval between successive readings).

The result, which is equal to absorptivity X exp (2 4,4'] X pg of compound
in the zone, is printed out, together with other data of interest, such as the mean
value of A4, within the zone, the size and position of the zone etc. (see Table II).
Also printed is a grid of the sample absorbance X 100, surrounded by the relative
background absorbance X 100 used in the interpolation procedure.

The program also includes a correction for a specific fault which prevented the
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number 6 in the tens position from being punched. There is also a general interpolation
for any other type of mispunch. The data was computed on a KDFg computer, each
data tape requiring about 30 sec of computer time.

Procedure

Microscope slides, 7.5 cm X 2.5 cm, were cleaned in chromic acid, rinsed with
water then methanol and dried at 100°. This seemed to reduce the probability of the
gypsum binder in the adsorbent crystallising on to the glass, which would have caused
optical inhomogeneities in the thin layers. Thin layers of silica gel (Merck Kieselgel G)
were prepared on the microscope slides using a brass bedplate and slurry box with
about 250 u clearance above the glass surfaces. Five grams of adsorbent slurried with
ro ml of distilled water were used to prepare each batch of 12z thin layers. After
drying at go° the adsorbent was cleaned from a 1.5 cm portion at one end of each
slide.

An acetone DNPH solution was prepared in methylated spirits at 0.510 mg/ml.
Portions were diluted to 75, 50 and 259%, of this strength. The solutions were kept in
small airtight bottles with rubber lined screw caps.

One microlitre of the solution to be analysed was transferred as follows to a
thin layer plate using a 1 ul capillary micropipette (Microcaps, Drummond Scientific
Co., U.S.A)). The capillary was always filled from one end, and emptied from the
other. It was rinsed once with clean solvent and once with the sample solution before
filling. The micropipette was discharged on to the thin layer 1 cm from the bottom
of the plate. Care was taken not to dislodge any adsorbent particles. It was then
filled with clean solvent and again emptied on to the thin layer in the same location.
The choice of the polar solvent, methylated spirits for rinsing, is to elute the spot
into a ring, so that no sample is lost on adsorbent adhering to the pipette. The
capillary was then cleaned by rinsing once more with clean solvent. The same pipette,
which had been found to contain 1.00 ul by weighing, was used throughout.

The methylated spirits was evaporated from the spot by blowing gently for
about 30 sec before development through 5 cm with toluene in a 3 oz. (approx. 8o ml)
screw-topped bottle with a wide neck. The Ry value of acetone DNPH in this system
is approximately 0.4. The chromatographic plate was then placed in a vacuum jar
and most of the toluene evaporated under reduced pressure. However, some solvent
remained due to the low temperature attained by the slide, so it was removed and
warmed on a hot plate for 10 sec before returning to the vacuum jar for a further
30 sec at 0.1 mm Hg pressure.

The back of the microscope slide and the end portion with no adsorbent were
carefully cleaned before placing the plate into the holder on the scanning mechanism.
With the light spot falling on a background portion of the plate 7.e. not on the spot,
the pen position was adjusted to be near the lower absorbance limit on the scale.
The scanning mechanism was then moved to a position where the light spot passed
through a piece of diffusing glass fastened to one end of the slide holder, and the
output noted, The attenuation caused by this diffuser acts as the standard absorbance
level. The mechanism was then moved back to a position such that the light spot
was approximately 8 mm to one side of the chromatographed zone. The chromato-
gram was then scanned, the output being recorded on 5 hole tape. After scanning,
the standard absorbance level was again noted so as to allow for any instrument drift
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during the experiment. The scale was then estimated so that the output could be
converted to absorbance.

The analysis of each chromatogram was completed within half an hour of
development as acetone DNPH spots were not entirely stable on silica gel. A loss of
about 49, after 6 h had previously been observed.

A data heading, the output scale and the first and second standard absorbance
readings were punched on 5 hole tape and spliced on to the start of the data tape.
The number, —1, to signify the end of data to the program, and the end of tape
symbols were hand-punched on to the end of the tape. The data was computed in a
manner dictated by the program, so as to provide a result which should be propor-
tional to the weight of acetone DNPH put on to the chromatogram.

Results

The above procedure was carried out sixteen times, each on separate plates
with no special layer thickness control. There were ten sample loads of 0.510 ug and
two loads at 0.383, 0.255 and 0.128 ug, respectively.

TABLE III

EXPERIMENTAL RESULTS FROM ANALYSES OF KNOWN QUANTITIES OF ACETONE DINITROPHENYL~
HYDRAZONE

Acetone Resulta Results x Evror Mean AA,
DNPH conversion (ug)
(ng) Sfactor®

(ng)
0.51I0 332.6 0.535 0.025 —0.482
0.5I0 328.3 0.528 0.018 —0.505
0.5I0 317.9 0.5I2 0.002 —o0.581
0.510 317.5 0.5I1 0.00I —0.487
0.510 306.3 0.493 —0.017 —0.494
0.51I0 305.1 0.491 —0.019 —0.482
0.510 316.5 0.510 0.000 —0.553
0.510 318.6 0.513 0.003 —0.547
0.5I0 315.6 0.508 —0.002 —0.525
0.510 309.7 0.499 —0.01I —o0.508
0.383 263.6 0.424 0.041 —0.550
0.383 242.5 0.390 0.007 —0.500
0.255 I171.1 0.275 0.020 —0.483
0.255 165.4 0.266 0.0I1 —0.490
0.128 86.2 0.139 0.01II —0.501

0.128 85.9 0.138 0.0T0 —0.499

a Computed as pug x absorptivity X exp[z 4,4'].
b See text.

Table IIT shows the computed results against ug of acetone DNPH chromato-
graphed. Dividing the mean of the ten results at 0.5I0 ug into 0.510 gave the con-
version factor, 0.001610 ug/unit. This value was used to convert all the results to ug
for comparison with the known quantities loaded on the thin layer plates. The
differences between the estimated and loaded weights are given under “error”. These
figures were used to calculate the overall standard deviation as 0.017 ug and on the
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0.510 ug level alone, 0.014 ug or 2.7%,. The mean A4, is the difference between the
mean background absorbance of the thin layer and the standard absorbance level,
A, . Equating the conversion factor to

exp [—24,']
a
where a is the absorptivity of acetone DNPH, and rearranging gives
Ay = —%}In [0.00161 a].
Taking the value of a4 as that in methanol solution, 22.4 (which will only be approxi-
mately that of acetone DNPH adsorbed on silica gel), gives A, as approximately

1.661. The actual background absorbance of the thin layers, 4y, may now be calcu-
lated from:

A=A, + A4,

From the values of 44, in Table III the range of 4, in this experiment is seen to be

1.080 to 1.179, which correspond to a range of scattering powers of I1.0 to 14.1
(using 4, = log [1 + SX]).

0.34

ug determined

—

ol 02 03 04 05
ug of acetone D.N.P.H. chromatagraphed

Fig. 3. Experimentally determined ws. actual weights of acetone DNPH in chromatographic
analyses.

The graph of estimated vs. loaded amounts of sample, Fig. 3, may indicate a
slight curvature in the experimental points as compared to the ideal straight line.
This was probably caused by concentric rings of light of diminishing intensity sur-
rounding the main point of illumination. These were due to internal reflection of
diffused light back on to the chromatogram by the microscope slide surfaces. Un-
fortunately this phenomenon and the reason for it was not realised until after the
apparatus had been dismantled. When the chromatogram is illuminated through the
glass slide, as in this experiment, the diffuse light reflected back onto the thin layer
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was initially reflected by the thin layer. As reflectance varies much less than trans-
mittance these rings of light will be relatively constant in intensity. They were found
by experiment to constitute about 5%, of the total light energy. Improved linearity
would be expected if this additional illumination were obviated. For instance, if the
light were focussed onto the chromatogram from the thin layer side, then the internal
reflection would be of light initially transmitted by the thin layer at the point of
illumination only. Alternatively, the transmitted light could be refocussed through
a small aperture before measurement.

DISCUSSION AND CONCLUSION

A theory for radiative transfer in scattering and absorbing sheets derived by
KuseLka and Munk has been used extensively in measurements concerning the
properties of paper and paints. In these fields it has become accepted as being
sufficiently accurate for most purposes, although it is not an exact expression. We
have reported®® previously on the derivation and verification of the simplified form
(eqn. 1) used in this paper. The advantage of this simplified equation is that the
unknown, KX, which is proportional to the weight of light absorber per unit area,
is explicitly related to the measured variables, A, and A4, rather than implicitly as
in the general KuBELKA-MUNK equation. This made it feasible to carry out quantifi-
cation of chromatographed bands in simple cases within the described limitations,
without having to use computational aids. That sufficed to obtain a reasonable
verification of the simplified expression under conditions that were of limited useful-
ness.

The purpose of the present paper is to extend quantitative thin layer chromato-
graphy to the more general case of spots. As the absorbance of spots varies in both
length and breadth, scanning in these two dimensions is necessary and inevitably
large numbers of data points are accumulated. Data processing by computer is
indispensable for completion of the analysis. The use of a computer brings other
advantages such as corrections for instrumental faults, curve fitting and smoothing
etc., which otherwise would be neglected.

The results obtained on repeat determinations of 0.510 ug of acetone DNPH
on separate thin layer chromatograms showed a standard deviation of 2.79%,. Im-
provement in the precision can be expected from developments in the instrumental
design aimed at lowering mechanical and electronic tolerances. No particular control
of layer thickness was attempted as there is compensation for this in the calculation
of the results. Once the constant of proportionality (which is related to the ab-
sorptivity of the compound in question) is known, each analysis is an independent
determination so that no calibration against adjacent standards is necessary.

The novelty of this form of analysis is not in the use of either: monochromatic
light, two-dimensional scanning, a reasonably correct theory, “off-line”’ data handling
by computer, or the accurate application of small volumes of liquid as spots. Rather
it is the combination of all these aspects which provides a substantially non-empirical
approach to the problem of #n sitw quantitative analysis.

To increase further the generality of application of quantltatlve analysis it
would be necessary to use light in the ultra-violet region so that direct analysis of
many more substances could be made. However, silica gel (as an example of a com-
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monly used adsorbent), absorbs light itself in the region 200—275 nm, which includes
the region of absorption by many of the common chromophores. Thus to work in
this region on silica gel adsorbent introduces two more difficulties: a third independent
variable 7.¢. the absorptivity of the substrate, and the low transmittance of the layer
itself.

The first case necessitates the use of the general form of the KUBELKA-MUNK
transmission equation, as the range of application of our simplified version will not
be sufficient to encompass the high overall KX term, obtained by adding that of the
substrate to the sample. This difficulty may be ameliorated by computational
methods, although this would inevitably incur increased computing time. The KX
value of the substrate in the 200-275 nm region could be determined readily by using
the simple expression, derived by KUBELKAZ20, for K/S in terms of the reflectance of
an “infinitely thick’ layer.

The magnitude of the second difficulty, that of lower light energy, can only be
assessed by further experimental work.
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