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THE IDENTIFICATION OF A SMALL AMOUNT OIF A SUBSTANCE
OVERLAPPED BY A LARGE AMOUNT OF ANOTHER SUBSTANCE
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University Institute of Inorvganic and Analytical Chemistry, Ul. soc.vevolucije 8, Zagreb ( Yugoslavia)

SUMMARY

The recognition of a smallamount of component B overlapped by a large amount
of a similar component A is possible by means of numerical analysis of the chromato-
graphic peak. The authors describe a new method based on the comparison of the
experimental curve with the theoretical Gaussian curve. The numerical analysis has
been successfully applied to an asymmetrical and a symmetrical peak.

INTRODUCTION

The distribution of any pure substance on a chromatogram can be presented
by a curve where the abscissae are the distance from the start, and the ordinates are
the concentration of the observed points. In the cases of symmetrical spots the curves
obtained are similar to the theoretical Gaussian curve.

If the major component (A) overlaps the other component, a change in the
shape of the curve occurs. The position and ratio of the overlapped component to the
major component are interesting in practical work. Fig. 1 illustrates the three possible
zones where the minor component B can be overlapped by the major component.

The presence of component B is evident immediately in the diagram if it is in
zone 1. Its presence in zone 11, however, is not evident from Fig. 1. Zone I1I is of no
interest chromatographically because there is no significant difference between the
Ry value of the components B and A in that zone.

The problem investigated was the recognition of component B in zone II. A
mathematical method was used, the amount of component A being several times
larger than the amount of component B.

Many mathematical methods have been developed for symmetrical peaks
which should permit the detection of the overlapped component B3*-3, Unfortunately
these methods are not suitable in the case of TI.C where asymmetrical distribution
curves often occur.

In these cases it is necessary to find the regularity of the asymmetry because
one may assume that pure substances would give the regular symmetric or asym-
metric peaks. The asymmetry or symmetry of distribution can be arrived at by com-
paring the experimental curve to the ideal Gaussian curve, whose maximum is at a
value of o on the abscissae (Fig. 2). The negative values of the abscissae are on the
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Fig. 1. Zones in the chromatographic peak of major component A where it is possible to detect the
component B. The zones I and III {cross-hatched) were not of interest for this investigation. Only
zone II is of interest for mathematical interpretation.

left side of the curve and positive values of abscissae on the right. The standard
deviation (o) is the abscissa unit. The value 0.4 is the ordinate maximum. Before
making the comparison, the experimental curve must be normalised, 7.e. transformed

into a curve in which the maximum value is 0.4. This can be done by changing the
ordinate values as follows:
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Fig. 2. The curve obtained from smoothed data (12C), the normalised curve (NC) and theoretical
Gaussian curve (TC). The hatched lines shows the course of the mathematical operation. The
smoothed data are normalised and compared with the theoretical values.
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Fig. 3. Diagram obtained by comparison of the normalised curve and the theoretical curve (Fig. 2).
The straight line shows the symmetrical distribution of the spot; the concave and convex lines
represent asymmetric distribution.

For every abscissa value on the experimental curve there is a corresponding
abscissa value on the theoretical curve, but the left side of the experimental curve
must be compared with the left side of the theoretical curve, and vice versa.

The abscissae values of the experimental and corresponding theoretical curves
give the coordinates which, when drawn graphically, give the line of asymmetry
(Fig. 3). The values of the abscissae in Fig. 3 are the same as in the experimental
curve, and the abscissae of the theoretical curve are ordinates.

A symmetrical distribution would give a straight line in the diagram, but if
the concentration maximum of the substance is towards the front of the spot, a
concave curve is obtained; if it is towards the rear of the spot, a convex curve is ob-
tained.

It is from this line, which represents the regularity of distribution, that it is
possible to detect in a simple manner the position of another component B. In the
case of symmetrical distribution the presence of the component B is obvious because
at that position the straight line diverges.

If the lines obtained are not straight lines, the detection of component B is not
directly possible, and mathematical methods must be used; hence we used numerical
analysis.

Every regular curve can be approximately represented by the equationt:

f(x) = ay + a;x 4+ ax? + agn® + axt + .., (2)
The equation for a straight line being: (3)

f(x) = ay + ax
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If one takes the difference between the xineor ordinates at equal distances
along the abscissae, the first differences (4!) give a constant value and the second
differences (42), 7.e. the differences between the 4! values, are or have values very
close to zero. The points at the position of component B give values significantly
greater than zero for the second differences.

The curve representing a slight asymmetry of distribution can be very well
approximated by the equation:

f(x) = ap + a;x + a,x® (4)
The first differences (41) are given by:

fI(x) = a, + 2a,x (straight line) (5)
42 give a constant:

fi(x) = 2a, (6)
and 42 give values very near zero:

flIl(x) &~ O , (7)

The curve presented by a very asymmetric spot can be approximated by the
equation:

f(x) = ay + a;x + ax? - agxs (8)
The fourth differences give values that are close to zero: fIV(x) ~ o (9)
In those cases where there is a divergence from zero the overlapped component

B will be present at that position.
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Fig. 4. Diagram showing the data () of arabinose spot asymmetry without smoothing, and the

corresponding data after numerical analysis. (A), first differences; (@), second differences. It
 shows too many deviations.
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All the mathematical operations may be carried out by means of a mini-com-
puter of a type that is in common use in analytical laboratories.

EXPERIMENTAL

The substances investigated were the sugars arabinose and rhamnose.

Chromatography was carried out on plates 20 X 20 cm (E. Merck) precoated
with a layer of Silica Gel H. The developing solvent was isopropanol~trichloroethy-
lene-acetic acid (3:1:1). The substance was applied at the start in the form of a line.

Visualisation was by spraying with 29, aniline in acetic acid + 29, diphenyl-
amine in acetic acid -+ 859, phosphoric acid (5:5:1) (ref. 5).

The corresponding peaks were measured by means of a Photovolt TLC densito-
meter.

Smoothing of the data obtained was necessary to eliminate the deviations
caused by non-ideal conditions of the chromatographic process and non-ideal function
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Fig. 5. Diagram of arabinose spot asymmetry obtained after smoothing data (QO), and the cor-

responding data after numerical analysis. (A), first differences; (@), second differences. It shows
only small deviations.

of the TL.C densitometer. In numerical analysis the error function cannot be establish-
ed when the deviations are too great. For example, the numerical analysis of non-
smoothed data for arabinose shown in FFig. 4 contrasts with the numerical analysis
of smoothed data shown in Fig. 5. The difference can easily be seen. In Fig. 6, the
scheme is shown for linear smoothing of the data by four degrees (Programme 1).
It is carried out according to the following equations:

The first degree:

Y1—2 =

M+ Ve
2

y YVo—g =

Yot Vs
2
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Fig. 6. Scheme of the course of operation of the mini-computer (Celatron Ser-2) for quadruple data
smoothing (Programme 1).

The second degree:

Yoy = Yi—g *+ Va—3
2
—a 4 Voo
Yo = Ya—3 Va—a (11)

2
The third degree:

Yo(Il) ~F Vs
2

Ya()—g(I1) =

V(I + Ya(ID
2

Ya(I)—4(1) =
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The fourth degree:

Ya(I)—s(I1) —+ Ya(ID)—g(1D)

Yaav) = 2
Va1 —4(11) -+ II)—5(II
Veavy = 3(IT)—4(11) Ya(ID)—5(1I) (13)

2

The principle of smoothing is illustrated in Fig. 7. The smoothed data were
recorded on the paper-tape (LBS) and this was fed to the computer as the data for
programme 2 (Fig. 8).

Non smoothed data

[

o 18t smoothing of data

(] 2nd smoothing of data
® 3rd smoothing of data
4 —==~=4th smoothing of data

1 1]
X Xp X5 Xq Xg Xg Xy Xg Xy X0 Xy X

Fig. 7. The data smoothing process. The solid line shows the line obtained with non-smoothed
data and the broken line represents the data after quadruple smoothing.

Programme 2 follows the mathematical operations described earlier. The com-
puter gives the printed result on a sheet.

The numerical analysis of the smoothed data for arabinose is presented in
Table I. The 1st column gives the position of the point observed -on- the spot and
corresponds to the abscissae in the diagram (IFigs. 2 and 3). The 2nd column gives the
smoothed data corresponding to the concentration at the point observed. The data
of the normalised curve (Ymax. = 0.4) are in column 3. The 4th column gives the corre-

sponding abscissae values (¥incor) of the theoretical Gaussian curve according to the
equation:

Xtheor = = VZ (ln \/Izn — In _',Vtheor) (14)
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Fig. 8. The flow diagram for the numerical analysis (Program z).

Before the maximum (y a¥ 0.4) the cornputer gives negative values of xiheor,
and then positive values after the maximum is passed.

Columns 5, 6, %, 8 and g give the difference between the data in the respective
precedmg columns and represent the numerical analy51s of the xtpeor data.

Large deviations appear in zone III (Fig. 1) during the numerical analysis
(Flgs 4 and 5) because small differénces of Ytheor NEAT Ymax., cause great differences
in %neor. Therefore data from the centre (framed part) must be ehmmated

In Table II, the numerical analysis of the smoothed data for the rhamnose
spot is presented. The data in position D deviate from zero very sxgmﬁcantly and itis
possible to conclude that at this point in the spot another substance is present.
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TABLE 1

TREATED DATA FOR ARABINOSEY

The data in the centre (framed part) correspond to zone III, and they are of no interest for this
investigation. The divergences from zero are not significant, and® thercfore there is no other
component present in zone I1.

¥(1) y(2) yir (3) xtheor (¢) A'(5) D (6) AP (7) A (8) Af(9)

o 1.75 0.00595 2.9006

0.1286
5 2.52 0.00857 ~—2.7720 0.0002 —0.0294 0.0171
10 3.30 0.01122 —2.6728 ~0.0123 —0.0061
15 :;.15 0.01411 —2.5859 g'gggg —0.0013 g’g;ég —0.0048 g'gggg
2 .16 Q.01 —2. ) . ' —0.0041 '
25 544 cozigs —ajoom 999  ooojo 99921 oooge 019008
35 ronr oesgr _aia) orozo O00MS —ooo6  TOO00) ooz
o 12.78 0.04345 —2.106 0.1039 0.0022 0.0003 —0.0029 —0.0058
:5 15.89 0.02433 —2'000‘; ©.1061 —0'0004 —0.0026 0.0021 0.0059
) ' . 0.1057 e — 0.0005 ! —0.0008
% 1932 ooety TrSMC Ghoih 9200 oowd 0903 oloss
60 28.40 0.09656 —1.6851 g' ;g:z —0.0006 _g'ggfg 0.0015 __g'ggzg
6 .66 0.11 —1.58 ) 0.000 ) 0.0010 !
c5> 23 49 o 1312; —: 37(1':5) ©0.1045 o gozi 0.0020 5 0005 —0.0015
7 4 5.98 0'156 —1. 696 0.1069 0'0039 0.0015 --0.0032 —0.0027
gg 23.19 0'18032 -—1'2588 o.1108 0.0022 —0.0017 —0.0017 0.0015
! ’ ’ 0.1130 o —0.0034 ) ! 0.0069
85 o9 oame it onds Toos Tomemh 0008 —ooom
g 6.8: o' 2%3?3 — 0.92‘;6 0.1124 0.006 0.0058 — o'oo‘;‘; —0.0074
Iog g .IO 0.28 —0'8028 0.1188 0'008‘; 0.0024 —o'oo —0.0005
105 92.52 0'3133; —0'6752 0.1276 0:0073 —0.0015 ——o:oogg —0.0027
110 101‘51 0'3 I —o. ©0-1349 —0.0008 —0.0081 —0.001 0.0049
) 34513 0:5403 0.1341 "00 - 0.0098 ) 7 0.,0084
115 108,16 0.36774 —0.4062 0.1235 —0.0I06 —6.0031 0.0067 o.1712
120 112.86 0.38372 —0,282 —o0.0I 0.1
125 115.72 o.ggg?@s —0.172; 0.1008 0.16?2 0.1748 —o.5ggg 07441
130 116.90 0.39746 —o0.0080 29749 _ 52303 —0.3914 0.6850 r.2512
13 116, o.3 746 0.1386  ©2:9406 0.06 0.2936 —o.a 1 —1.0261
35 34 -3955 .13 0.1039 . 3% —0.0475 ‘34 0.3814
140 114.06 0.38780 0.2425 0.1197 0.0I5 —0.0072 0.0403 —0.0393
145 110.00 0.37400 0.3622 0.0086 0.00I0
0.128 —0.0062 0.00
ISe Moty OSSil 0408 Gijoy S92 oo 000 —oooi
Igg 38:5<5> o:googg 0:7525 0.I1313 —~o:ooog —0.0015 o:ooo3 ©.0000
165 7G.35 0.27047 0.8829 0.1304 — 0.0021 —-©0.0012 0.0024 0.0021
170 ;.,:24 0:23950 1:0112 0.1283 -—-o:ooog ©.0012 —o0.0014 —o0.0038
175 61.43 0.20886 1.1386 0.1274 —o0.0011I —©.0002 0.0009 ©.0023
180 52:78 0:17945 x:2649 0.1263 — 0.0004 ©.0007 —o0.0014 —0.0023
185 66 0.1518 1.3908 21259  __go0r1r —0.0007 0.0004 ©.0018
190 g;:z5 0:12662 1:2156 0.1248 —0:0014 —©0.0003 o:oozr ©.0017
19 0.66 0.1042 1.6390 0-1234 0.0004 ©.c018 0.0023 ©0.0002
202 g .8 0'084 ‘é I' 628 0.1238 0'0045 ©.0041 0.0025 ©0.0002
205 13'6‘; o.o6gg1 I.ggu 0.1283 o.our ©.0066 —0.0049 _0'0024
) ) ) 0.1394 . 0.0017 e —0.0060
e 1493 oosols  oRs onda 02028 ooz ooi%  ooisy
222 7‘62 0'0259 2.3382 0.1558 ;o011 —0.0047 0.0153 ©.0100
225 5'25 0.0178‘5’ 2~4i)32 0.1547 0'0095 ©.01006 -—o.oo47 —0.0200
) ) e 0.1642 ) 0.0059 ) 0.0076
230 3.44 0.01170 2.6574 0.1796 0.0154 —0.0064 —0.0123 0.0338
235 2.10 0.00714 2.8370 0.1886 0.0090 o.0I51 0.0215
240 1.21 0.00411 3.0256 0'212 0.0241
245 0.62 0.00211 3.2383 ' 7

& Obtained by the mini-computer Celatron Ser-2.
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TABLE II

TREATED DATA FOR RHAMNOSE®

The data in the centre (framed part) represent zone 111 which is of no interest for this investigation.
There are significant divergences from zero in columns 6, 7 and 8 which have their maximum for
¥ = 160; this is the position of the minor component B.

¥ (1) y(2) ytr (3)  xtheor (4) A (5) AP (6) L (7) A (8) OF(9)

o 1.50 0.00495 —2.9634

2.20 0.00726 —2.8310 0.1324 —0,0088
ICS) 3;1: 0.01323 ——2.7274 0.1236 —0.0089 —o.0001 —0.0069
15 4.20 0.01386 —2.5927 0.1147 —0.0159 —0.0070 w—0.0004 0.0065
20 5.40 0.01782 —2.4939 0.0988 —0.0233 —0.0074 0.0318 0.0322
25 6.50 ©0.02145 —2.4184 29755 0.001X 00244 ;0025 90343
30 7.80 0.02574 —2.3418 0.0766 0.0230 0.0219 —0.0294 —0.0269
35 0.80 0.03234 —2.2422 0.0996 0.0I55 —0.0975  _5.0015 0.0279
40 12.60 0.04158 —2.1271 IS 0.0065 —0.0099 0.0044 ©0.0059
45 16.20 0.05346 ~—2.0055 0.1216 0.0019 —0.0046 —0.0037 —o0.0081
50 20.60 ©0.06798 . —1.8820 1235 50064 —0.0083 0.0108 ©0.0235
55 25.50 ©0.08415 —1.7649 1171 0.0051 0.0II5  _go0147 29345
60 31.40 o‘ 10362 — 1'6427 0.1222 o.ooxg —0.0032 o.oogz 0.0149
65 38'20 0'12606 -—1'5186 0.1241 —o.oou —0.0030 0.0033 ©0.0031
o ' . ] O.I o081 —I' 6 91230 —0'0008 0.0003 o.oo 0.0002
7 45%0 0'15 _1'295 0.1222 0‘00 o 0.0038 _0'0035 —0.0078
gg o 23:60 o:zgggg -—I:Izgg - 0.1252 o:oogs —©.0005 o:oogg 0.0045
85 71.90 ©0.23727 —1I.0z05 <1277 0.0022 —©.0003 0.0007 ©0.0005
9o . 81.40 0.26862 —0.8g06 21299 0.0026 0.0004 —0.0048 —©0.0055
95 - 90.80 0.20064 —0.,7581 0.1325 0.0018 —0.0044 0.0066 ©.0114
100 . 99.40 0©0,32802 —0.6274 g'iggz 0.0004 g'ggiz —~0.0005 —g'ggZ;
105 . 107.00 0.35310 —0,4963 0:1332 0.0021 °:°°3Z 0.0014 0‘0157
110 . 113.30 0.3738¢9 —0.3631 0.0052 0.0171 )
I15 118.00 0.38940 —0.2247 0.025 0.0202 —0.0470
120 120.80 0.39864 —0.0609 0.1384 —-o.oo:i —0.0268 —0.0333 —0.0641
125 122.00 0.40260 0.1015 g‘iggs —0.0375 —0.0361r —o0.1186 _g‘?gw
130 121.80 0.40194 0.2264 0:1243 —0,1922 —0.1547 0.5663 0:6833
135 119.50 0.39435 0.1591 0.0673 0.2194 0.4116 —o0.6511 —1.2174
140 115.30 0.38049 0.3112 0.1521 —0,0201 —0.2395 0.2642 0.0153
: '0,1320 0.0247 —0,282
43 IS970 o%r SH3 omes 00ME oooie 9018 oo
: ) ’ 0.1474 ) —0.0420 ) 0.201
85 oMoy O oates o Toxma 1332 —osen
165 73:50 0:2236; 1:0‘;92 0.1962 -020427 —0.1227 OZIggI —9.4020
170 59.40 0©0.19602 1.1931 21335 0.0027 00454  _ 50521 22202
175 8.70 ©0.16071 1.3493 0.1562 —0.0040 —0.0067 0.0075 0.0596
180 gg:Zo o:nggﬁ 1:5g15 0.1522 —o:oogz 0.0008 o:ooZS —©0.0057
185 31.00 0.,10230 1.6505 0.1490 — 0,0006 0.0026 —0.0027 —0.0045
190 24.00 0.07920 1.7989 0.1484 —0,0007 —0.0001 0.00I0 2.0037
195 18.20 .0.06006 1.9466 g;:;g 0.0002 g'gggg 0.0033 g'ggig
oo 13. 0.0 .0 g 0.00 ‘ .00 )
:os ‘ g.;g o.ogggg ' :2333 0.1523 o.oxgg 0.0086 —3.0332 —0.0376
210 6.60 0.,02178 2.4121 0.1653  _ ;o176 . 00246 0.0122 0.0454
215 4.50. 0.01485 " 2.5658 gigg; —0,0240 :g'g;:g --0.0031 _'g'glgg
::‘o g.zo 0‘01356 ‘ 2'6355 o:ogoz —3'2395 0:0282 ©0.0437 ——o:og;;z
5 .50 0,00825 2.785%7 0.078g —0.0113 —0.0113 —0.0395 0.1074
230 2.00 0,00660 2.8646 0.0563 —0,0226 0.0566 0.0679 —0.1627
235 I1.70 0.00561 12,9209 0.0003 0.0340 —0.0382 —0.0948 )
240 1.30 0.00429 3.0112 0.0861 —0.0042 )
245 I.00 0,00330 3.0073

s Obtained by the mini-computer Celatron Ser-2.
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