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Abstract: Aiming to the chromatograph existing overlapped peaks that impacted the
quantitative analysis, the method of overlapped peak resolution based on forward-back-
ward fitting was researched. The method included two procedures: forward fitting and

backward fitting. It started the first forward fitting from the point which was far away
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from the overlapping area, the peak point and back edge of back single peak were modi-
fied by the gradual fitting. Then, based on results obtained by the first forward fitting,
the first backward fitting was conducted with the similar process and the peak point and
front edge of front single peak were also modified. Multiple times of complete forward
fitting and backward fitting were implemented with above steps. After multiple itera-
tions, the results continuously approached front edge of the front single peak and back
edge of the back single peak. When the calculation error reached to the set value, the
iteration was stopped. Then, according to the similarity principle of chromatographic
overlapping peaks, the back edge of the front single peak and the front edge of the back
single peak were obtained respectively. So the overlapping peak was separated into two
single peaks. Because the ratios of peak height, resolutions and tailed factors had great
influence on the overlapping chromatographic peaks. The simulation experiments were
designed from these three aspects to verify the forward-backward fitting method. At the
same time, in order to further validate the effectiveness of the forward-backward fitting
algorithm, separation experiments of p-xylene and m-xylene measured by gas chroma-
tography mass spectrometry were designed. At last, the forward-backward fitting
method with perpendicular-drop method, intersection vertical method and proportional
distribution method were compared. The results suggested that the error of the forward-
backward fitting method was less than 1. 8%, while the maximal error of other three
methods reached to 29. 92%. In addition, from the point of view of the processes of four
methods, the proposed method didn’t rely on two maximums of overlapped peaks and
could handle various types of the overlapping peaks with a higher accuracy. The pro-
posed method can counterbalance the shortcomings of three methods. Therefore, with
wider applicable peak shapes and higher accuracy, the forward-backward method has
certain quantitative analysis advantages and can be better applied to quantitative analysis
of complex components.

Key words: chromatography; overlapped peaks; forward-backword fitting; quantitative

analysis; similarity principle

$39%

GG ARAE N B2 403 73 B RE BT Y
FBez— HA 0 A s BR800 LR i
FaE SR 3 N % R G B A 2R
O AE AR S ZRAF T S A A L0 RS I — A~ 2
O AESEBR B Y P B B A AL 2
oy B I AR ) T R A 0 L OO i S 1Y
58 PRI E i 43 T4 Of FRE T . PRI e A 2
Oy B A T 0 L R H AT IR A R DR Y R B )
2 SEBR R L K 2 R o U LI T
o T A AR ABESE 2 A0 s 2 1 0 8 7 i

X €0 3% B e G o L T BN S Ty
LA T LA Y L T AR A T B R
B A3 T R e R T LA B 43 06 Ty i
A R M)Ak T R B

T T S AR 2R3 A - E B R Al 5 BT N T
{HEL 73 B A 5 2 B A (0 0 i 2 R T2 1) 46
[0 R W = (U [ RV RS A LR 7 ]
SE 5 28 AR K B Xk — [a) AL i [ B
SR T A8 A A R R L B A3 TR T L B
KRR T R MR 4R & H kKO T E &
e Py A Al R AR s T ELTE A — A R
A BIVR U YO0 T L 8 7 BEE I A e 0 4
ML ROV W 7R 7 — DR
L. 73 A, 4 FE 0 I A AE W 7 52 P N A
AR WL 2B 58 I R ST X P9 Bl g /Y 1
BE o TRRARY T A W AR LR SR AR T
G 1% A3k 3% 05 5 N B & DX I
HITHR AU X 3 8 T B X IO AT B8 OE L O



S WSO TS A Y (3 0 1 )y T 609

W58 T H6 T B 0 L R JE E S 0 (H K IR
REBUEEA S A ETRBUR % k£
TEAT HE T v 0 oA B T e LA SR T R
AN A 0 LA S RN N R R
VAR, XS RILBE NS AT B A AT 1 T 4
A3 W AR SR T TE 43 W B L BT R
SER S G 51 R B S R IR
KL THRE IR K, R GE T ST I TE 4k A
FRO LS S B o i vk P R
B0 B ARCR A R E AOGE B AR 1
HE WS N HZ R,

YT R T IR AT AR ) AR T AR
BT AR R TS M E R B ES
W, I3 i — RGN [R) S AR Y (O
43 5 5 L S 36 R — 2 AN [ Ve B A 0[] R[]
TR LSS B UE IR A S

1 HIEEMESTEEEEER
1.1 EEEHFRE

5% o B i R v ol T B e A R B T
IINZE SR A HH 3 5 U Sl AR A [ E AR I AR X 2 3
77 AR T 0 LA KPR 4 43 T R BN TR A4
A o3 T A TEAE b O B N ) A 5] 2 R
Jo EL A ARARL Y 1 S5 45 A R A2 335 1 O
B AR BT, R AT MR R S g
A R DB Al 5 R A A ) BRLZH ) B AH AL
HAARRHEGTS : 1D Fr A B g e S AH 015 2) B
W 22 1) AT LS 3o — > REOH B 45 3) fg AR
WA 1 > 06 5 A ]

TR T R AT S ) R A
AT HITFRT

OC(t) = OA() + OB(»)
OA() = KX OB+ AD

A OC LR E B (3 6 ; OAL OB 20 1 fU3%
g R 7 WA ) A B 5 X S B A
XA R PIA™ B 2 J) 1) ROBE A8 4 s K AR R RS
AR PR BIPRS00 R L s A Dl T B8
BEAt>0),
1.2 ®iEmEHEZE

M T AT LA B OA Y R BRI
OB [ J5 #4331 5 B &g OC W RTHTY 5 I AH 22
AR/ BIE AT 52 3 8 B 1 52 AR /N o PRt AR I
YEM AL & T 0 S WS 1T 70 85 . DLt i

@)

tstr A3 AR MUNGS T YA i B[] A R
haahas sl 53 590 A2 HEAE AR B I )L )
e 5

3 -
)
£ ot
5
k=

1 -

S ) .
0 T T T — T
1600 1800 2000 2200 2400

/s

TE : MUN 23 531l 2 1 78 U 090 T A KA A5
ST 732 )5 [ 405 B0 1 4805 B0k 4 a5
Bl EBENHFERR
Fig. 1 Mathematical model of overlapping peaks
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Table 1 Mixture ratios of p-xylene and m-xylene

X R
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] — F 2R
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Msl 90 10
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Table 2 Resolution results of overlapping peaks with valley point under resolution of 0. 797 and
those of overlapping paks without valley point under peak height ratios 4 : 1 and 1 : 4, respectively
i Iy W L L 1% % Error/ %
No. Resolution Ratio of peak height Single peak RiE ey WL AR Ll 451 43 T
1 0. 797 1:4 B 1 —0. 01 —5.26 —1.79 0. 27
B 2 0. 01 1.31 0.45 —0.07
2 0.797 2:3 Mg 1 0. 00 —0.80 —0.17 0. 04
i 2 0. 00 0.53 0.12 —0.03
3 0.797 1:1 P 1 0. 00 0. 04 0.05 0.03
i 2 0. 00 —0. 04 0.05 0.03
4 0.797 3:2 B 1 0. 00 0. 81 0. 26 —0.03
PG 2 0. 00 —1.22 —0.38 0. 04
) 0.797 41 B 1 0. 01 1. 47 0. 45 —0.07
B 2 —0. 01 —5.88 —1.79 0.27
6 0.478 41 LERT: 0. 20 — 0.97 —0.52
i 2 —0. 32 — —3.86 2.03
7 0. 345 41 Hlg 1 0. 44 — 4.58 4. 94
Bk 2 —0.51 — —18. 30 —26. 24
8 0.478 1:4 B 1 —0. 18 — —2.90 2.95
Bl 2 0. 20 — 0.73 —0.77
9 0. 345 1:4 Bk 1 —0. 47 — 6. 88 18.93
B 2 0. 41 — —1.72 —6.20
MBS iR ZEWABEZIE KRGS, 5% 2% 3
No. 5 JCH 78 52 55 B0 A L X Fh S R 75 3] 1 4 - Querlapping peak
WAl . Bl R AR EE A O, A S G O =l :ﬁﬁ@wm1
8 7 U 5 2 W A /N T At = R 5 vk L R AR 22 Z —=~ Resolved peak 2
FasEfe £0. L% LW, HR Bl g ks =
No. 10 B &SI ORI 7R T & 5. d & 5 "] 1+
UL A AE T A R T A U 16 4015 ) SN
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45 LI B s
3.2 EXERSM B4 BEEAMEHESE No.7 BRI

T Bt Bk i 1A 8L 5 R A R RE
o P 2 3 3 BB SO 8 1 — 2 % — ]
) = R[] 2 S K AR Y S A B S
Iy R AL 4 Bh 7 150 T B W AT o) B 4
T 4.

(HBEEH0.345) LR YIRE

Fig. 4 Resolved profiles of No. 7 overlapping

peak (resolution 0. 345)

by forward-backward fitting method
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Table 3 Resolution results of leading and tailing overlapping peaks under peak height 4 : 1 and resolution 0. 797

5 RN T il B2 Error/ %
No. Trailing factor Single peak I 160 4505 Ttk 38T I F 415 i o5
10 0.7662 P 1 —0. 01 3. 25 —2.70 —3.26
B 2 0. 00 —13.01 14. 83 17.07
11 0. 8538 B 1 0. 00 2.58 —0. 56 —1.24
B 2 0. 00 —10. 31 2.25 4. 97
12 0. 9751 LA 0. 00 1.63 0.57 —0.03
B 2 —0. 01 —6.54 —2.26 0.13
13 1. 0316 B 1 0. 01 1.23 0. 50 0.13
B 2 —0. 02 —4.92 3. 30 4.78
14 1.1725 B 1 0. 03 —0. 27 1.55 0.47
L 2 —0. 06 1. 07 —4.18 0.13
15 1.4172 B 1 0. 04 —3.56 1. 86 0. 26
BRI 2 —0. 11 14. 25 —7.45 —1.04
: — Overlapping poak FE 4 AT LLE LT Ms3 VAR T4 0%
e b () 43 35 15 2% PL T IS il P04 16 TR A2 2 /N 4 33X 2
sl T Resohed peak 2 T 28 3K T3 1T 43 B W A IR 9 0 4
-. B3 o I T A B 06 57 ) 5 25 5 0 0 L JEE AL I
= T 8 5 £ 4 W 152 0 B /IS AL U 1 L 0
I \ ARt M3 VAT I 49 B3 A0SR 45 I 72 0. 8% LI .
‘ 14|00 16|00 ISIOO 20&)\ ZZIOO 24|00 2600 Xﬂ‘:l:/ﬁ\:ﬁﬁ ! ﬁttﬁ”%ﬁ%ﬁi@iﬁ’ﬁﬁ}ém?ﬂ%ﬁ
s VI AR 25 /N T Al 3 P k. B IR
FA HE B9 B I LA 3 Rk B 4 B AR 25 7
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Fig. 5 Resolved profiles of No. 10 leading overlapping
peak by forward-backward fitting method
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Table 4 Resolution results of overlapping peaks of p-xylene and m-xylene

RAHR ] oy i % Error/ %
Mixed solution Single pealc LI 161 01 45 2% L1k 48 4. 2 e 143 L%

Msl ] — 2 —0. 14 11. 85 7.49 3.71
R HIE —1.05 —2.46 —1.95 —1.50

Ms2 ] — 0.03 11. 70 —4. 96 —6.54
R OR —0.01 —5.01 2.12 2. 80

Ms3 ] — 0. 80 —0.06 —2.49 —1.46
POl S —0.77 0. 05 2.38 1.39

Ms4 ] — 0.09 3. 54 1.81 2.27
X R —0.23 —8.96 —4.57 —5.74

Msb ] —H R 1.79 2. 44 3.33 5. 04
X R —0.14 —5.72 —13.99 —29.92
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