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ABSTRACT

STUDY ON SATURATED CARBOXYLIC ACID BY
INDIRECT PHOTOMETRIC CHROMATOGRAPHY
WITH PHENYLGUANIDINE, DIPHENYLGUANIDINE

ABSTRACT

With the technical innovation of reversed phase high liquid chromatographic
columns and the discovery of new ion-pair probe reagents, it has established the
methods for analysis of organic anion of none or terminal ultraviolet absorption by
high performance liquid chromatography with photo-diode array detector, which is
difficulty to analyze all the time in analysis field. By regulating the kind and concen-
tration of carboxylic acid modifier, the saturated monocarboxylic and dicarboxylic ac-
ids combine with phenylguanidine or diphenylguanidine — ion-pair probe reagents
— forming the ion-pair compounds separated on RP8/18 chromatographic column
bonded amide polar group, which is quantitatively and qualitatively analyzed by
HPLC-UV.

We make further research of the dynamic equilium model structured in the sur-
face of amide polar group bonded on the stationary phase, while the mobile phase
flows through the column. Meanwhile, we come up with three major mechanisms of
balance, reaction and separation, and present the mechanism about reaction on the
head of chromatographic column and separation after the head of the column on the
base of the traditional theory of IPC. In the experiment process, the four-phase equili-
brating process — enrichment, saturation, destabilization, re-equilibrium — of pro-
tonated ion-pair probe reagent in the mobile phase combined with stationary phase is
obtained. The dynamic equilium theory of hydrogen ion and protonated phenylguani-
dine or diphenylguanidine combine with -O" group, and the dissociated carboxyl anion
link with /H*\ group in the amide group bonded on the stationary phase is developed.
The characteristic drift curve — 4 characteristic peaks of two conditions — of indi-
rect photometric chromatography on the base of phenylguanidine or diphenylguanidine
as ion-pair probe reagent is grasped. We determine the content of diphenylguanidine in
the stationary and mobile phase and calculate the distribution ratio, which confirms
that the kind and concerntration of modifier affects diphenylguanidine amount accu-
mulated on stationary phase and equilibrating time of chromatographic system. Ac-
cording to the theory of acid-base balance and the dissociation constant, calculated
distribution fraction, the key point for quickly optimizing analytical experiment condi-
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tion of acids and other samples by indirect photometric chromatography is gained.

The method of reversed-phase high performance liquid chromatography for anal-
ysis of saturated carboxylic acids with phenylguanidine and diphenylguanidine as the
ion-pair probe reagent is established in this experiment. The saturated monocarboxylic
acids are all separated with RP8 chromatographic column as stationary phase, and
aqueous solution of 0.12 mmol . L * diphenylguanidine mingling with 1.0, 0.5, 0.5
mmol . L™ butyric acid, 1.0 mmol - L™ pentanoic acid as mobile phase for respective
analysis of formic acid, acetic acid, propionic acid, butyric acid, agueous solution of
0.6 mmol . L phenylguanidine with 0.4 mmol . L™ hexanoic acid for pentanoic acid,
aqueous solution of 0.6 mmol . L™ phenylguanidine for hexanoic acid. The flow rate
of mobile phase is 1.0 mL . min . Formic, acetic, propionic, butyric acid are detected
at 232 nm wavelength, pentanoic and hexanoic acid are at 247 nm. The testing results
show that the LOD of formic acid and acetic acid are 1 mg - L™, propionic acid and
butyric acid are 5 mg . L™, pentanoic acid is 1 mg - L™, hexanoic acid is 10 mg - L™
Saturated monocarboxylic acids present clearly linear relationship in the certain con-
cerntration, and the correlation coefficients are all above 0.997. The average recoveries
of high and low fortification level are between 98.08 % and 102.26 %, the RSD of 8
parallel samples is among the range of 0.43 - 1.40 %. The determination result indi-
cated that the pure samples can be accurately quantified with the single standard, but
for the mixing samples, standard addition method should be adopted to offset the in-
fluence of matrix to ensure the results accuracy according to the true value. Camparing
with titration method of national standard for determination of formic acid, acetic acid,
propionic acid, the results of acetic acid and propionic acid are close determinated with
two methods, but there is great deviation for formic acid of low content.

Similarly, we explore the quantitative method for analysis of saturated dicarbox-
ylic acid by reversed-phase indirect photometric chromatography using phenylguani-
dine as ion-pair probe reagent. Oxalic acid and malonic acid are separated between sta-
tionary phase of RP18 chromatographic column and mobile phase of aqueous solution
of 0.6 mmol . L * benlguanidine mixed with 10.0, 2.0 mmol . L * pentanoic acid re-
spectively. Succinic acid and glutaric acid are distributed between stationary phase of
RPg chromatographic column and mobile phase of aqueous solution of 0.6 mmol . L™
benlguanidine mixed with 2.0, 1.0 mmol . L ™ pentanoic acid respectively. These acids
are detected at 247 nm wavelength. The LOD of oxalic acid is 10 mg - L™, the others
are 5 mg - L™, Saturated dicarboxylic acids have clearly linear relationship in the
concerntration range of 10 - 1400 mg - L ™, and r values are above 0.998. The average
recoveries of high and low fortification level of four acids are between 97.75 -
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ABSTRACT

103.83 %, the RSD values of 8 parallel samples are in the range of 0.60 - 0.87 %. The
determination results of accuracy and precision can satisfy the requirement of macro
analysis. The contents of samples determined by IPC match with the values marked on
the label.

The established method of indirect photometric chromatography for analyzing
saturated monocarboxylic and dicarboxylic acids is simple, feasible, extensive and ef-
ficient, which is the technical innovation shifting from chemical analysis to instru-
mental analysis, and makes practical and instructive sense for the study of others
non-conjugated organic anionic compound.

KEY WORDS: Saturated carboxylic acids; Phenylguanidine; Diphenylguanidine;
lon-pair compound; Indirect photometric chromatography (IPC)
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GMEWEFSEAN A, AR TR B KAF R KHIEM . iR 4330
FREGE, B8 VKRR E. NIRRT 5T TC AR I A R I 2l
U2 BT g i s AR A RO P BB 3 o 5 5 D B e B AR AN R R A B AR A
FOMEAE ;[P 8 0 EH R R AN {9 Ce Crgn WU IRHEFE [ 4K I B T I
A 2k TAT 1 [ R 5 R o TR AR RO B S B A 2D AR 2R 1O I 2 B 0 A i
A, AR TR SEHIAG . BT R i o) B R B A A VIAE P )
B BCEAEITEL. ILFRATFURIL, AEANR 2 A R0RE L 5 A [RS8 i e A1 0K
MBI SR RS il AT o ML RO £ 31, WEd e
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Rk N2 e AT

NIREAT ABCE AR MBI T 15 LRG0 & AU 2B T
AR TR T A0 RO AR S A R SE B Ce . Crau il HRIT I IT (3R
1-1),

x1-1 AFAREHEMRE
Tab. 1 - 1 The different kinds of bonded phase

AN (B4 1 F L
%
LR 130 5 ] 32 A 1 CHy
o - _/\\/\/\/\\
Yt e SRR, 4R OEO—S-\
Wt E CHj
HEE Cills CH,

KEBR KPR BRI CHy
pedeE  ome BE BES )
BEM B Q-omst— SN

SRS wEHE SRR LR

TRMEE  PHEES XN PHAREEER o Si_/\//\/\/\
#H B 55 AE

H AR
B SRR RS CHy
W e WS SWRME O—O—Si\
B (&=, FEM  fEH CH,
e o o
e N ;3 Vi
—0—Sj—]Linker| —
PRI Q—0—si—{limker] —c¢
CH; NH,

SR G R VA AN b A IR BEATRR BE VR, RO B L Ve it 2 B8R &
TR B A BT, BT T ERVES R, BRI A
AR . R R B, 0 T A R PR R & T S IR A T



FT RN — RN L C iy o0 Hr AR IR R AL S I B 9T

1.4 SEMARE LU SMIMERLE B AR L

DA S AT ER © &0 s, (HR A JE 5 AhBOR S i) 9 8 5 AL &
Y AR BRI T k. BT EERE R TRLE T 20, N T RER
AR T e i 5 e AU AT Lo Bl & BRURA IR, (22
IFERORZE, AERUR B C i A A 25 B £ 8 e ™

ARSI ORI, SRR R SRR RN, %
WIS TR RAETSE B PO S R, AR B9 7 Se SRA R P R A ) e e R Ak O,
TIEDT R — Mot . — DRI, @R HER A SR R T R S
Yo dh B (R M, SRBLNG S S e M A AR T I v D, A
5 FH A P A AR 00 85 1 P R A 00 5 ) il DARERE L Lt v, B o [ g
SIS TESTT. BESLHE ks, &R B SR 6 R (i ik AR R
o NSO, ERRARIT.



7B BHEOC T i
£oF BTHM. HAMR RS S EIBHR

SARIAIEOE B b AR HARRA . BHE AR ELAE A ARGtk B, 8 e E 1
SROEE TR 1A S T R RS AR K SN0 AR AR AL, AT SR BLR
B T BRIEENE . EEHUT, BT 10 H B S S NIE P BRSNS 21X
WAV SO ROR, Ferb U8 1 IR BEBE AR e B RS ML & TR &
VIR R T AEERE D¢ R BRI FE iy e N PR U AR AT BT o R ol 2
W, ERECT iR R SR T I T R AR, JFREEEE R T B i
IR FRBEARES R SRR A S S, TR, B R AR T A R A 2T
FETEAHEAER . BRI R, SRR 38R SOH RO B gk
TENAH T % BT AE [ E AR BTN B TR R L B A4
BN 2 R HESE .

2.1 HI5T®
2.1.1 E5RF

e RGBAH B 1S4 . Waters 600 /51 2%, B Waters 2996 2540 ] WL — il FE 4
il #% (DAD), Rheodyne 7725i 7518 R FE 2%, Empower Pro H3C ik (3l TAf ks
i E: Waters SymmetryShield RP8, 3.5 um (4.6 mm <150 mm),
Waters SymmetryShield RP18, 3.5 um (4.6 mm <250 mm);
pH JIZEAX: SIN-PH-100/170 24, BTN H S BEARA R A A .

2.1.2 RFIFAER

VKZWE, sl R, WE. IR, O, sriid, BOuEZE I LR
FIEBRAR: TR, Ahrd, R CiR TA R A

ML, AHTAE, 99.0 %, [ ZGHE AL R IR A A

KA, srHral, 98.0 %, 2 HEAEAL A=A PR A 7

CME, A, REENAEA A R A ;

—ZK: Bl

TENE 100 mg - LA KA VRBCH] (29048 mmol - L™): FREX 0259 O
% 0.000 2 ) —ZRALT 2 500 mL 4 AR, In—2K, #AEHERE 30 min, #%
HS PR A S K L SRR I )R R 60 d, P RTRARE 4 £




FT RN — RN L C iy o0 Hr AR IR R AL S I B 9T

2.1.3 9%k
2.1.3.1 ZZAN4BCEE K2 S ph 2 E
WREIA: 0.12mmol . L™t —2EAN.
0.12mmol . LY —2EAT/ 2 mmol - LT gt 2. WNlE. T, %
2. CRR/KIATR:
0.12mmol . L™ —ZE/ 2. 4. 8. 16 mmol . L ™ /KA
0.12mmol . L™ —ZE/ 2. 4. 8. 16 mmol . L R /K AW
WA E: 1.0mL - min Y SSREWMS 20 mL - min;
R K JE 195 nm~400 nm;
TR K: 232 nm;
KAEHE 2. 1.0;
éf@?% 1.2 nm;
IS EH . BB,
3 D R
2D LR .
2.1.3.2 BlEHLE=-FKIMRENZE
WENMH: 0.1 %L BR /KB
4 [ 2.1.3.1,
2.1.4 MRBEEHS pH X &, DHEBHAR
AT 2-1 — e RR[H TR 2-2 e BB [H i E AR, REMAREREE 5
BT 200 mg - L RIS AR P AN AR 477 0.05 ~ 1.0 mmol - L I[HT]. %
T R R A B 3 L3 2-1.
[H*]*+Ka, X [HT]* —(Ka, xC+Kw)x [H¥]— Ka,Kw =0 (X 2-1)

[H*]*+Ka, x [HT]® +(Ka,Ka, — Ka, XC—Kw)
X [H*]* — (Ka,Kw + 2Ka,Ka,c)[H"] — Ka,Ka,Kkw =0 (£ 2-2)

A Kay — —ZETFLE: Kay, — “HWEHAG
Kw — KRB H G C — BRI,
K 2-10 2-2 08— =T A — eIk JT B8, THREREROR, AliE i AE

UTRR U E BRI s S fEcKa, = 10Kwll 222 ~ K2 <0 05 1y,

-10 -



Rk N2 e AT

W 2-2 AT — TE IR FRE[HY]? + Ka, [HY] — cKa, = ORI A KR E .

R 2- 1 WMARBRRN S VIR FH

Tab. 2 - 1 Dissociation constant of saturated carboxylic acid

]
Sjinptlles Kay pKay Ka, pKa,
HR 1.80%x10™ 3.74 — —
LI 1.74%X10° 4.72 — _
PR 1.35X10° 4.87 — _
T 1.52x10° 4.82 — _
YR 1.40X 107 4.85 — _
oiR 1.39x10° 4.86 — _
L 5.90x 107 1.23 6.4x10° 4.19
TS 7 1.38x10° 2.86 4.90%X10° 5.31
TR 7.08X10° 4.15 437%X10° 5.36
=% 5.01X10° 4.30 7.08x10° 5.15
O 3.98x10° 5.40 7.41x10° 5.13

30 2-3~2-4. 2-5~2-7 73 53R18 pH 7E 0~8 2 [A] &Ml Fl— o R IR AL AT — ot
BRI AT Bt 28, BRI ISER AR RN 9 T T RS IR L.

N
17 [H*+Ka

Ka
5D_[H"']+Ka

5 m*
2T [H¥]*+Ka, [H|+Ka, Ka,
5 Ka,[H*]

17 [H*]* +Ka, [HT|+Ka, Ka,

5 _ Ka, Kay
0 [H*]2+Ka, [HY][+Ka, Ka,

5, — —ILIE MY T
5, — “ILIRMNYIE T A

5, — “EHE BB T AL

-11 -
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5y — TLHESY
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FT RN — RN L C iy o0 Hr AR IR R AL S I B 9T

2.1.5 KA ECEE K% 181 h 2% 0 2

F—: T RP8 taifidt . ViahAH{EH 100 % LM e ik i 30 min, 5 H
100 %—ZRKiE ¥ 30 min; 25— @S FATENZE . DL 0.12 mmol - LT ZEEATK
EWAETRENAR, 1 mL . min TEORE, PTG, DR aiE T, B0
MEFERT[a] . 7E 2.1.3.1 43T 2640 FHERE— 20K, IIARBERT (). BB D020 el il
FEH RN, (38, BN Gk AE, DAPRIEIER:, F 100 %L TEVEE L 15 min;
B B AR, DL 100 % M5 30 min, WCAEBEMGE: AP M el oK
e RUSCER 2T 2RI BV, Teieulkdi, TN 25 mLIKGER, f£2.1.3.2 %
PERIE; S50 DL TP 0 2R & SR 2 bR — (A& &, kR
DAIBCARFR R 2RSS R AR et . 3 IRE K.

PR EIRRE R 430 e 2.1.3.0 AR BIARR R N 2RI 4 B b
2.1. 6 EBERD FRADSLEBRBAIRH

PR B 7R T i A R AT AR R R R S L B A
SEIR, ZEf RP8 (il [ i A R THI Ak A B R B OO O, i 2 I s 1
IR, O HP AT LER AT

2.1.7 FEHETENOMAR

T W8 IRATAEAS [F) RPN B O ME AR &R R I Pl 2R 1, 5 A% o
AN73FC B PO RIE 72 5 8, R0 ] 5 A b & A PR AR s I, R i Ak [ o P g i
2.1.8 RNHIBHIAR

DLER [ 58 WP SRS Nk, &5 & r il FRAS B IRl FE i 1, MAROW
FE TR B T 5 B P HRENAFIEE i Ak BRI E T4 S N, W
BT AV L

2.1.9 PEHEBNAR

B AN, ZRACH B PR, BT SR, S AT R R IR
EPNACERE, WIS 0127 5 et 0 [ 5 AR 5 R S AH AR 1 2R R R
2.2 BFR5T1E
2.2.1 pH IR BITHELER

fHE0 2-1. 2-2 SRAFEAMUFIRIR S BT FE A 200 mg - L™ I FR 0B IR FE Al
pH i, HI3R 2-2 A1, MR —JeiRIR pH {EAE 3.27 ~ 3.83 [A], MM —JCiRER (1 pH

-12 -
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fE7F 2.94 ~ 359 [a]. HIFE 2-1 0] WL, 2ebEsfleE 0.1~10 mmol - L “JEE I, pH
AT 3.38 ~ 4.51, RIEWFRBR A S DIAAT BP0 B 26 AF Rl 50, AR it
R IR —AE L~ 2mmol . L™, HA7I5E iR B FE R 10 2, TR I, IR iniek
PEFIR K 10 mmol - LY. Sk A s B B RE L R B R T e
TN S A R SRR B S 4 o T R S B 5%, AT R S i LS 7
W R TR — N E S, BARE BN TSR

R 2-2 WARBRRAYHIRES pH E

Tab. 2 - 2 Hydrion concentration and pH of saturated carboxylic acid

HM— IR PR TR
Saturated monocarboxylic acid Saturated dicarboxylic acid
H+ H+
R S S, pH RN s S, pH
: /mmol . : /mmol .
Analyti- 1 Analyti- K]
L L
Samples cal Samples cal
concen- concen-
tration tration
/mmol . /mmol .
L -1 L -1
FA iR 2.1736 0.5420 3.27 L 1.1111 1.1486 2.94
YN 3.3322 0.2322 3.63 iz 1.9228 1.0840 2.96
WIR 2.701 4 0.184 3 3.73 T 1.6945 0.3170 3.50
TR 22714 0.178 4 3.75 IR R 1.5147 0.2584 3.59
R 1.959 5 0.158 8 3.80
R 1.722 9 0.1480 3.83

-13-



FT RN — RN L C iy o0 Hr AR IR R AL S I B 9T

4.55
435
— 2
— W
415 | |\ — T
- .
T
9 395 |
3.75 |
3.55 |
3.35 1 1 1 1 J
0 0.002 0.004 0.006 0.008 0.01

c/mol . L*
B2-1 FRREBRMNKZR T pH L
Fig. 2 - 1 Modifiers pH of different concentration

H 30 2-3 ~ 2-4 F1x 2-5 ~ 2-7 13 B RN — TR BRI LR TG R BR ¥ 437 R 4L
ARSI 2-2, 2-3. A TCERBRLE 200 mg - L ¥ pH 7E 3.27 ~ 3.83, Kl 2-2
AT, MR—IeRIR (RS JUFHL A FEERFE, HamasidamT
0.85; HIR pH N 3.27, AL N 0.74, 7 TAWEADFHAM—c8, M
TR 7R BTk B, PR P i A I e T LA R 1 e . HRLURN TR R AE
200 mg - L ') pH {4 7€ 2.94 ~ 3.59 ], H1E2-3, 9B w2 _REE -NEAE
T, RE—HHEE, PLHCO, B FAL; R, C3Hi045 CaH304 70
SELLN L1 T R R AR S EBIER, AT 18.2 % C4HsO4
F1 16.5% CsH7O4 » HHILTI UL, SMIFRER T 73 Bk B R 2 LAy F 34715, WAl
TOCRIR T SRR B R, R 2 SRR R — R R Y
B, A5 R ] L BRSSO B AR B AR B RS T 2RI B B R A
Y.

-14-
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vigiiig O

09
08 [
0.7 |
0.6
05
04
03
02 [
0.1 |

pH &
— HBROTE: — — FRETS: RT3 IR TA
— WABATE; — — WARETS: —— TBATS: — — THRETS:
— REBOTE: — — RBEETFS; —— BRAYTES:; —— CRETS

B 2-2 —AARBRRE pH LT #5-% 9%
Fig.2 - 2 The distribution fraction of saturated monocarboxylic acid

8
pH 4
—— LTBATE: —— LR FEEDS: - - - LBROFEEDS
— WIBHTE: —— AR —FEES: - - - F_R_SHEDS
— TIBSTES: —— TB—%EES: - . - T_R_SHEES
— REBSTE: — — RCBREBES - - - RCBR_SEEDS

B 2-3 ZAABRIE pHALT 997 94
Fig.2 - 3 The distribution fraction of saturated dicarboxylic acid
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FT RN — RN L C iy o0 Hr AR IR R AL S I B 9T

2.2.2 ZEKIM7BCEE BN ELER

TR E RS, R E A A R R I EE S %R
2.1.5 FREG I FE T — 2R A e B 1l 5 25 SR Lk 2-3 ~ 2-4. R 2-3 Al %0, 0.12
mmol . L™ ZIRANKIR R, M EWE A 28 2, iR, il K
AR G3 1R B W B A €0 A [ e AR A 2R 1T, TR GBI B e A . 2433 m 2 mmol . L ™
. 4 WL T s CRRESEAIR, BEAE RR G R, [ AH E B A — 2R sk

R 2 - 3 AFIPPEECEFR T 2RI B W 2 45 R

Tab. 2 - 3 Result of distribution ratio of diphenylguanidine of different kinds of modifier
WBFEA > R & FEARAR AR & SHECE “FH B

Component  Total diphenylguani-  Dead volume diphe- Distribution ~ Average dis-
of mobile dine mass/ng nylguanidine mass/ng ratio tribution

phase ratio

ZIRAR 1226.74 41.63 28.47 32.93
1474.70 41.63 34.43
1535.46 41.63 35.89

RN R 158.70 23.55 5.74 5.08
119.46 23.55 4.07
151.72 23.55 5.44

RN 2 107.26 23.90 3.49 3.56
114.55 23.90 3.79
105.18 23.90 3.40

R 154.50 23.40 5.60 5.37
143.89 23.40 5.15
149.10 23.40 5.37

RN T RS 203.94 23.26 7.77 7.75
200.40 23.26 7.62
205.83 23.26 7.85

IR 352.39 24.71 13.27 13.66
A 377.07 24.71 14.26
357.07 24.71 13.46

R 836.98 29.25 27.61 27.70
[ L 815.97 29.25 26.90

865.36 29.25 28.58

-16 -
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b, PBC R FRAG, WERIA & th T RESL 2 S BU B EE I E 4R 2% 7
BIMGE 2. 4. 8. 16 mmol - L IREEAKCF AR . TR it 70 2 2RI 43 i
bC, ARIBEA SR B O, IR AIAE € A [ S A L ) P BB e o el
BETT UL, BEAE R [HTTR G R, R EhAE T i HT S RIS B A ] 2
B, PR RN EC PG, I8 LLBER 2-3 T3 2-4 1IN E Bm vl 50, X
PEFRI AR SRS S — 2R A 2L 3R, P 3 KB e A 4 ), i e 7 gk
SR RN, TR ARy SRR SO e, pH AE DA OR L7 Sl
YA — oA e R AL o A ol R, RIS T BB FR IR B & 5 e 57
R 2- 4 IR BETAUIE R — R IA3E bR 5

Tab. 2 - 4 Result of distribution ratio of diphenylguanidine of different concentration of modifier

A B BoRNRR  SEAB_RIURE  HME
4oy BEIRIRE Total diphenyl- Dead volume diphe-  Partition
Component Mole concentra- guanidine mass/ng nylguanidine ratio
of mobile tion/( mmol . L ™) mass/ng
phase
2RI 2 203.60 24.30 4.86
7y 4 204.16 24.30 4.88
8 199.62 24.30 4.68
16 236.67 24.30 6.27
RN 2 476.63 66.58 15.60
[ 4 475.88 66.58 15.57
8 462.59 66.58 15.03
16 449.10 66.58 14.49

2.2.3 BEERS FREMNSTERBAE

(A BBk I, Toseie &0 HPLC-UV JFR RIEEVERE “8f, hE
T TG P R 1 N RV o {ELR] IR S AR A0 B A R iR A 5 R 77 BAR
R VAR 2L ) B2 2 AR R AR K 25 96 i AL ) - TV RE SR AR, OV IRIEDE
JEEOGEE RN LR SR BRE AT R 1 Pk, A tHARFT 1989 fEmAE N Abla)E:
DG CAEREROR LB S A A R, B B TACHE. BT A, &
Tl T A ELAE A E st A

g0 R BRI AE DURE IS ot o 5 B B A PSRRI (i A P, IR
RIMAR T KB AU AR A CXANBORAE it B OR B 5 20 18 DA S XU 2
P RAT MR, T LR 2 AR 52 Y0 AR D o i /K PR PR 5 - 0 1k 7R R A B R

-17 -



FT RN — RN L C iy o0 Hr AR IR R AL S I B 9T

it AR AR R R IS 1 “HFRE T BOXHLR, TS n
HEW, H-wEERE/D, B 0RSZRAE T S TR, £
iR 0 5 [ E AR AT IRAE R, AR R T8 AR s St aAE T 1 el e R
UEH PRI, AR A TR . S TR AN TR R B AR A e A T
ARG FE i

R R AT BEART Y OB BRI, F i T B A
RISEFITE, $h9E 1 AR Ve Bl AR SCHE A% G0 2 Eu il BRI TT AR Bk it
B AR B R R RN SO R A e AR AR B A o S B AT
flir, WAL ORI AE E 0730 IR T SRR BRI R R
Ry BEHLER o BlBGR N R PEBE G L ) RP8 (iilidt:, b A% 5t 3= 22 LUK 2-4
O CA) IRESAEAE, B BL (B) WESAFAE: Hi il o 2R 1 XHR AT 1 A
e FRTR A VB N CO A IR, 7 [ T AR AR S VAR T BRIR TR AR 2R, HY(E 45
3PS (A HIBUIG R IR 1k, B8 R AL i — R INE B S %2 E-O4i &,
TR 28 B RRAR B 8 7~ S e ik B -NH S5 5, TR R B M. 24k S e N
ETEAEI, AR SRACRE SR b HOWR AR FEBOR, PUEL-T- M A [ 8 W, (2 My IE R
2RI 5 SRR I TR P I 4l 51, JFRE R SR A T gt AT 0 e 2y
B, AERIMET, BRIREOCE O B E L A s R L 2-5.

0 o
)J\ R /}\\ +R
R ITJ/ R l\ll
H A g H

B2-4 BrAABEEAALHTER
Fig. 2 - 4 Structure illustration of amide group on stationary phase
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T SRR A AR L

B2-5 BRASTAOHETER

Fig. 2 - 5 The structure building illustration in the surface of the stationary liquid
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FET M. RN G T AR IR R S

2.2. 4 FEHIE

T AT r ] 5 AH A (B O B B B B LA O A, B AR MR i B 1)
RP8 AT 3l [ e VR A i S It 1 DR o £ 8] 52 AR 55 s A ) T B AR 2 AR AR
A, BB TR 2P AT SR R L), T A %
T A EAE 58 S SR GBI  [8 e AT SIAR T FE 0 AU AP BE: E 4R
BrBe. MOMIprB. PREhE B PR B (K 2-6). BB B BT R Bl
MRIEOIERL, JFFZPERNOEEE S, BT8R R R Y 0.12
mmol . L ™, HJLF-HA 857 70 #4 W B 76 B s A B, AT 48 ML 251G i
Iio B 2-7 AT 2-8 RTLAE Y[Rl IR R IR/ — 2R I— LR/ — R A SR AN AN ]
IWREER) TR — AR &, BEE OO IR PE AR, & SR (i, PR/ — 2R AR
AN TEA 10 min, SR/ IRAMAR 2L 1 h, 1K ZFAMA RN T E 6 h
A REE BT XS0 BC EEIE 45 RAR — B, BRIVEGR, SR R AR
TR, BRI E R RS RIMERT SR, R EE T REK
ik, KRt Fd el s, TR ERK. WHHE. B b E
H_E T ORAGE AT, [ A AN FRIRBN 2RI, AT (6 45300 H i A A — 2R
TR, ey, ik b IR SR, BB BL: MR R I E O
AZER, BIINCRR. IR AR, 2R UE b BoRIA B 2T,
AL A2 N — RIS 4, Btk RBP4, 99RRME RS ) HY i 2 R
TR, AR AR A RS B TR TR RS, 2P A
B TR DN e 1 o TR i1 e 0 NP7 -9 (PSR R T D Y A
SSEFAMAN . TR B SE B EDE O [ E MR I IR R “ L
VERE”. B L, BB TEIHEHSBEEN; MWL, BrRaRARNETE
BT o

FARES 78 SRR H Y . IR~ ZBRAR > IR > T IRIR > 80> KR
>R Gz R E R E S 07 AO0MEN, R E s T E a2 R
BEATHD, WK 2-7,
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A

AJAU

A/AU

t/min
1 EEME: 2 1BFIBE: 3 PB4 PR
B 2-6 3B ikAMESAL-F e ] dh &
Fig. 2 - 6 Equilibrium curve of the process of building “softy stationary liquid”

2 mmol . L™ HR/ —ZK K
2mmol . Lt 2./ =K
2 mmol . L™ AR/ — K
——2mmol . L TR/ 2N
——2mmol . L™ IR — 200
2mmol . L S/~ 2K
2 mmol . Lt —ZEAT/K A

|

T T T T T T T T T T T T T T T T T T
0 10.00 2000 30.00 40,00 50.00 60,00 70.00 20.00 000 10000 11000 12000 13000 14000 15000 16000 17000 1800

t/min

B 2-7 RREZMRIRER & E R &AM AR ) 8 &
Fig. 2 - 7 Equilibrium curve of the process of building “softy stationary liquid”
of different modifier
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TR NG L GBI W AR IR R AL S

——— 0.4 mmol - LY T/ —ZEM0
——— 0.5mmol - LY T/ —ZE00
——— 0.6 mmol - LY T/ —ZEM0
——— 0.7 mmol - LY T/ —ZEM0
——— 0.8 mmol - LY T/ —ZE00
0407 ——— 0.9 mmol . L™ TH/—ZEAK
——— 1.0mmol - LY T/ —ZEM0

0.30

A/AU

010+

.00

————————
0.00 5.00 10.00 15.00 20.00 25.00 30,00 35.00 4000 45.00
t/min

B 2-8 RERETBR-FH0 ] £

Fig. 2 - 8 The equilibrium curves of butyric acid of different concentration

2.2.5 RNHIE

X T B A SRR R A AR S R B 8 1 B AL S P e b, AT LS R
AT SR AN IR AR AT AR B e &4, AER A
LIRS A M 25 BE 1 H K, X RIROCEE ik i ok, SR
BT S VIR G RE S T i R B R

F T B0 8 e A 1k ) — 2RISR AT BAF T A MR BRAF A T s 5
HE . =2 BRSNS, BRI WK RN SR 2 b, 2 —Fhil
PR B 88 7 R R AT o 1 T B 2RO 88 5 X6 A & W I 8 Bt RE R 4T 1)
S

TR EPHTIE IS, [ W I L R SRR R, [HTTBRAR BT 7
KB MR T T ENAR R, [HTREZBRISE N, 7 AR R, FerI[HT]
S IURBLIE AL B85 & MR Tt 2RI, R 15T 16 2RISR s
SEEE BTG, P FEILE 2-9(A): BUE R [HT] S MG EE F A5 A IR
WA TG, BIEERE SN, B em 2800 & e, S8
VIRE T IR TR Y, R et RIER Lo 7283 88 th [ e A, e Mt R W
K 2-9(B). WA EMRIERGRAIAET, AR, IR, HIMIERELL ANE, 1
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@Nit@ Q! 2@

H* CH,
— " I — >
‘I'r/o A/\\//\O N/«\ ng/o ﬁ(\\/\n/kﬂi;\
o, )\/ ohe P
BREA AR EERP o (o) (o}
N N
Q! 3@ 9l NHJQ
0 T H*
//0 é/\v/\o N/\\—————4> ‘I'/' &/\V/\D 1;\ "

CH3 CHa )\/

o
R‘coo

CH, )\
CH, ol
(A): /O\S:i/\/\o)\ﬁ;\ ﬂ S(':IH:\/\O H;\ + {

/" “Reoor

H
N
QJ"@

CH,

o_ | R + N
‘/0 sll/\/\o ERFEY \sli/\/\o)j\n/\ + | RCOO™ + H3N-’<NH
CH3 CH;

S

/"%/ o
H* (o] +)\/

. /" Reoor
O Q

(C): /o_\ M OH . {RCOO' + +H38:H

H+

N

H2-9 taRREANLSYE _RIMR EIER
Fig. 2 - 9 The reaction mechanism of saturated carboxylic acid with 1,3-diphenylguanidine

PR P 58 B R N G TR IR S A2 BA(B) A T o XA RN A B B P R N el
S, WA B0 EAEKIE S AN AT SRR BT FRAR 5 BT K — 2R
BT EY, BARE BRI RS0 1L T BRERER ek, AT R
FEIE B B SIS B, e AR, WS R R, A a5
[H45 &, B LA) RN, 1T BR . RERIIM LN, 5 TR N IHT]
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g, B TARRANER, EONEEEERE, IB)NERMN. (C)RMN
SRR 5 (A) S SLHUESRABL, - XA T 3 s 47 i b i S P A7 R R 0

2.2.6 DEBEHIE

L RP8 YUK S ARt AL, 3 7 B 1 702 R it B0 1 ] e AR AT 231
FH P HEE AR AN AT BEAFAE g, NI HE R B il R I B 2R bR . B
it T [ VP TRV BEAT S IR R — b T, IR 2 70 B ACR

PLZRA, 2RO B il i (e o B iy, Pt R PERE S B8 1 X
TN SOk AR [ A A SR R, [ R ik 4 5 S T B AL 0
BRI T, FE R 1B IR E B BRI e R R AR E RIS A [ g A
IR E AR AL, ATARIE SO0 /5 5K BAT I B ER D), T SOV B R SRR
FAAEZESE, W EE I RSN PR A AR g 220 o “ BRI e W R PERS TRl o O
AR (8] 3 ARAR PSR vy o RO T 2RI, IFSIAF N, SR i B RCR
CAAR AR e o IR AR I — 2RI X iR K A E i sh Al 3 =4 1A el 19
FPRAREE, $ew Vst bTishmik s & e T BEm, S5
YRR A 8] AR A 22 B v

A/AU

I DK/W\{W

t/min
1 KFRGWE; 2 SOAFRS TR SRR 3 FF G B T XL S IRFE % s
4 BT RREAT R G 5 U T RS04
B 2-10 B8 KE & R AIEE R
Fig.2 — 10 The feature peaks of RP - IPC
B E 53 B8 B T B A Sk < 5, AR R B e IS ) e B X
DX TR] 96 7, AHADN T EBIB AN &, 2 BIX A A 99 % UL F o 52 bl e AH AR 1t 55 A



Rk N2 e AT

AR, BT SV A R BT A R B, B 2-10 v oAl
TGP R AR ]

PR B AR AR A ROROR B, BEIRANAH B (AT, JF
MR AR b B TR, BN 1; Sl A P ST R B N R AR B T
HETARAE A TR A, BN IERE 2, FF BT T 5E T eGE R
BAAeEY, TR ER LR, BIIEE 3, B0 EWIEEE, KE
BT AR E A EAH R PRAL A, S BRI B TR AR,
AN KB 4; JRENAH > ARSI BN, I K TR,
TRARGIIR L AR, o/ MEIE 5.,

[ FOE g, KRG 1 —EAFA: FEfE TSR 3 5
BT IREH T R G0 4 o2 Ot L, BN i 88 5 Rh S oo HoSE R, B
SO EEG N, ARGt 4 DREFIN TR 4ke, S5 RFAE0E 3 Ta] O B I 1) 22 (5 14 K Bk

B BRI IR, FEBERRIENE 2 HIL, e, SUERI RS0 5 Hl.

IR BRI, BT I SR S L T A, A2 ] E A BRI
N CREEERE Y, SR IL S, ke, SRR, AR X
WEYIRAE G T e, ERGEAE “PRetigl 7, GikigaiERmE. ik,
G 5 5 T PR B R AR SO RS TR B ' B2 € i ) B A B X

2.3 NG

SRR G E A B ok 1 A A NLE RS YR LC-UV
I 5E B, 3 1B A I A R IE AR . AR IGARTE R BRI RN, RS S
BRG], IR TR RS SV Hr TRl Ot ik, B4 T
P i PR 8 PR JEE 55 S R Z TR ) R AR WM 1 8 1 IR EHARIAE AN [R) R S AN
FE S AE I AE AL LRI BOEE, BT 1 B 1 X R 1l AN Sk U AT
[ 5 A R A 5 2, B 0 Il AR I Y T B R S T X A B A
AR RNPBR, SR T P, RN e =BT, BE T AR T
FEMRFOCEE CRE P RIER (R PR “HEALR 7 SOMHLERRT “ 33507
BB PG, NHE R M £ B 1R PREH AN SOk 7 AR AR
B, ST ORI BE i A 7 ik SRt 7 BRI L il
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Rk N2 e AT

BT MRSV DG ERNEIL

FERAE B TR G ZR AN, ORI LAl |, Gl S (il A, &1
RHREFGIIRIE, A SRR R SR 8 2 il TAR SR, 5E ik Co~Co AT
FRIBAN Co~Cs WA —JuiR IR I 7 T A A AL, AL URBE AR I ATR IR
WEMINI ISR MR AT TR B b B S R, NS BLRA & 14
BN S AR B 73 B 75 92 R R 4 37 B A

3.1 MM ERHA
3.1.1 (U5 E

B Waters XSELECT CSH Cyg, 2.5 um (4.6 mm>75 mm);
Waters XTerra RP18, 5um (3.9 mm>150 mm);
Thermo Hypersil GOLD aQ Cig, 5 um (4.6 mm>250 mm);
SinoChrom ODS-BP Cig, 5 um (4.6 mm>250 mm);
Venusil MP Cyg, 5 um (4.6 mm>250 mm);

R 2.1.1,

3.1.2 RFIFAER

LR, R4, T R, IR R, aobral, ¥WOANE LR ERFIE R A
)

W, e, RETRFE RG22 FE IR A A

ZET 80 mg - LM i & K PR BT (0.6 mmol . L™): FREL 0.16 g kS 2 0.000
2 9) ZEAKT 2 000 mL 40 A, In—Z%K, AR 30 min, AHERETA
RN A 2% TK VBT

AIA 2.1.2,
3.1.3 DG
3.1.3.1 {@F— S

WENM: . 0.12 mmol - L™ = ZE1/1.0 mmol - L TR /K VAW ;
S HT R IR: 0.12 mmol - L™ % A1/0.5 mmol - L™ TR /KA
M TR: 0.12mmol - L™ Z2E1/1.0 mmol . L™ R /K VAW
AMERER: 0.6 mmol - L™ ZEA/0.4 mmol . L™ CUs /K A
S HreiR: 0.6 mmol - L TRV
EREFEIOEK: RN 232 nm; 2R 247 nm.
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A F 2.1.3.1,
3.1.3.2 {AFN ZTIRER

WEIA: T2 . 0.6 mmol . L™ ZE1/10 mmol - L™ RER /K VAW
SHT R T H2: 0.6 mmol . L™ A/2.0 mmol - L™ IRER K VAW
SR 2. 0.6 mmol . L ZEA1/1.0 mmol - L RER/K VAR

£ 2.1.3.1,

3.1. 4 DIEERIMIL
3.1. 4.1 {AM—TiREL

3.1.4.1.1 BB

£ 3.1.3.1 sk N, A 3.1 (BRI IR, .. IR TR,
IR CRGHATINE, R A .
3.1.4.1. 2 BT RHARIMR R

K F Waters SymmetryShield RP8 545, 73 Jil DA IR — 2R WICA 25 5% 155
AN —JOR AT IN E , 1 e Ak & 5 k)
3.1.4.1.3 BRI L ¢

K- Waters SymmetryShield RP8 fifiAt:, % ¥ %4 0.06 mmol . L™, 0.08
mmol . L™, 0.10 mmol . L™, 0.12mmol . L™, 0.14 mmol . L™, 0.16 mmol . L™,
0.18 mmol . L™ Z2ENUKIEHON IR 48R, TR TRREHATIE, MAWE N
0.2mmol - L. 0.4mmol . L™, 0.6 mmol . L™, 0.8mmol . L™, 1.0 mmol . L™,
1.2 mmol . L™t 1.4 mmol . L " ZEAKIE O IR A CORR AT 8, B St
T XA E .
3.1 4.1, 4 IR kR

TN — TR BR BE 75 BONT BT B 0 AL S VD DR BRI [R] DTS L e 2B 5%
RS AR SR R Fh SRR BE R M 5K . 336K Waters SymmetryShield RP8 £ 1%
. FEBIAHIN 0.12 mmol .+ L ™ ZIRATUK L 0.6 mmol - L™ KUK, 4351
N 1.2mmol - L THIAER. TER. JRERAN CER1E NN Ci~Co —ILIAIR
BRIEATINE , MKHE HL i A | (R BE IS [B) S i SAE, 1 S A IR TR S A ek 7)o
3.1.4.1.5 DRI E ik %

fii FH| Waters SymmetryShield RP8 {4t , % 52 i sh#14 0.12 mmol . L™ =%
AR, T B e MEFIZE 0.5 mmol - L™~ 5.0 mmol - L™ Y& A, L 0.5 mmol . L
MIPREEREFE 3, MEF . 2 NER; REREEFIE 0.5 mmol - L™~ 5.0 mmol .
L YERE P, BL 1.0 mmol - L™ 9k EERR BE I, I5E T BR; CERSCHEFICE 0.1 mmol
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L~ 1.0 mmol - LESERE A, LLO.1 mmol - LY [k EERLEE s, Il R fl
1, R EAE TR
3.1. 4.2 (AR JTIRER

3.1.4.2.1 BB RERE

75 3132 &R, A 3.1 1 iR O 4 R R T R
X BRATIE, PR AR A .
3.1.4.2.2 SRS AN P (1) e 4%

7] 3.1.4.1.2, XA —IoRIRINE, € Bt & 13l
3.1.4.2.3 Stk R ik

fi Ff] Waters SymmetryShield RP8 taifiAt:, [#EFizhH N 0.6 mmol . L ™ 2K
KW, AERNER. TR RIR. CRRIE NSRS Co~Cs i fR IR
ITIE, Wtk tE A
3.1.4.2. 4 TR R Ay %

i FH| Waters SymmetryShield RP8 ik, &2 #izhH 4 0.6 mmol . L ™ 2K
IKIEW, AN 1mmol . L™, 2mmol - L™ 4mmol . L™, 5mmol . L™,
6 mmol . LY. 8mmol . L™, 10 mmol . L REE ek 70t 2 =88 . T BT
Mg, AR Ry 05 mmol - L™t 1 mmol - L™t 1.5 mmol . L™ 2
mmol . L™, 25mmol . L™, 3mmol . L™, 35mmol . L™, 4mmol . L™, X7
TR RTERHEATINGE ,  WIRA R R O R
3.2 AR 5WR
3.2.1 IEFM—TTHRBR ST FHMUER

JAH )42 6 FE R AS SR AN ARAE AR S 0, SIX AR RE I 227
R R R 1, SEUARE AL, S A 5 5 1 &Y
A
3.2.1.1 &k

N T AE BT 73 IR (R IS SR & 2R I A5 R, SR I0E & 1t i A0
C1~Ce WA —JTR IR ) A AT BAF N E ZE, L 3.1.1 Hr il i 5 25 ¥ LI 3-1,
I &I Waters SymmetryShield RP8 ik 14 55 Waters Xbridge. Waters Xselect £
PEAE - B R ARALL, PR B B TR AH A, W FH REGUE RP8 (A543 4 %4 ; Thermo Hypersil
R I O B B ] Kk 16 mins Venusil (il F: BBLANMEI RS0, 5 «PURiElE”
R &k Waters SymmetryShield RP8, 3.5 um (4.6 mm>150 mm) {7,
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WAy Co~Ce MM — JUIRIR NI 70 18 L 1 A

—— RP18 (150 mm)

o] — RP8
e Xbridge
042 Xselect

o oo —— XTrra

:\E nos] Venusil MP Cyg
008 SinoChrom ODS-BP Cyg
004 Hypersil GOLD aQ Cyg
k

T

T T T T T T T T
2.00 4.00 .00 8.00 10,00 12.00 14.00 16.00

t/min
B3-1 AR EEAENAREABAEEELESHR
Fig. 3 - 1 The chromatogram of propionic acid using several typical column by IPC

3.2.1.2 BF AT

Wi 3-2 A 3-3 ml A, MU IR AR k5, P AT AE, WNAE . ST
R T EY, B TRERBUMURER (AnH. 4. WL TR 5RO A,
DR B IS TR R, T B B R R AN TR U 5 5 R i 5 ik &4, HARE
IS ) PG 36 5 17T RIS Co~Cg FMLMIER TR I ) B8 10 7= 420 i £ B I TR AL
FBGE M o BT WORIGE T B i P 59, BRIt &4, i — 2R AU AH
Ko BIE, WEFR. LK. AR TRRIEH —2RAK, IR, CURRGE I ZRIIUN B
TRHREHA
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T S BRI A AR L

AJAU

A/AU

— R
— LR
— WK
— T’

Lz
— CR

t/min

B 3-2 ARMA & TR EAM e fe— AR FBEAR E %D H A
Fig. 3 - 2 The chromatogram of saturated monocarboxylic acid
with phenylguanidine as ion pair probe regent by IPC

7
0.0

0.08

0.0

0,04

0.024

0.004 v

0,02

0,04

0,08

T T T T T T T T T T T T
200 4.00 6.00 8.00 10.00 12.00 14.00 16.00 1800 2000 2200 2400

t/min

B 3-3 RN EFHIARA TR, LB, AR, TRAZALEELS)BE

Fig. 3 - 3 The chromatogram of formic acid, acetic acid, propionic acid,
butyric acid with diphenylguanidine as ion pair probe regent by IPC
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FET M. AN i 7 T AR IR R AL S

A/AU

3.2.1.3 BFMRFIIKRE

SRR HRMLES T B A MR — TR BRI A — 5, B
FB TR RN, W5 T S G HTR ;24— R T 0.10
mmol . L I, 5 BLERIA R (60 B T2, L PRI B 5 ) 0
THALAR KT 0.8 mmol - L™ I, B 565 16 A HIUAe T T 7 55, 28 FRUESA5 T 75
SBAURAEE, [EMRIEMS, SReRENI. MR SRR, EURLL. R
RESFESE, i 0.12mmol . L HEIUIENIE TR 2. WEk. TH.
0.6 mmol . L™ SRMLIIGE [RER LR 0 it RS TR AR it b = 2t
IRSEVRI S H A 01 AL B0 B TR PR BT B L ek Y, R BLIL 5
— TR MBI G L, BT (9 B TR ERE A — AR LR e 7
) o1 5 SR IS 00 B 5 11— 27K A 58 8 A £ 7 ) o
B ELRD 1.5 AU CAITEEL 3-4), 35— AT DAFE A IR v R (A0 P, DRI A T3 64
BN L RN R R85 F T 0 TE R I BT, AR R
0 e = 2T B T4 G I DT €5 L AL ) 3-5.

320
268 2336

= = M e n o N w
i3 5 Fl 2 5 s o 2 H

2147 2442

250

T T T T T T
20000 22000 24000 26000 28000 30000 200‘00 220'00 240‘ Lils} 250‘ oo 260‘ oo

Alnm Alnm

A: FA; B: —ZAK
——0.5mmol . L? 1.0 mmol . L? 20mmol . LY ——3.0mmol . L?
——40mmol . LY ——50mmol . LY ——— 6.0 mmol . L*

B 3-4 RRKESTHFAEM G RIIRAER

Fig. 3 - 4 The UV spectrum of different concentration ion pair probe reagent
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A/AU

Rk N2 e AT

——0.08mmol . L*
—— 0.10 mmol . L™

0.12mmol . LT — AN
——0.16 mmol . L™ Diphenylguanidine
——0.18mmol . L*
—— 0.20 mmol . L™

t/min
B3-5 RARKRAESBTFTHEARMNGFREAZAREEE LS IR
Fig. 3 - 5 The chromatogram of different concentration ion pair probe reagent for
analysis of formic acid by IPC

3.2.1. 4 BUMEFIFHSE

£ 31414 0N, JEIEXS C~Co WM —TTIRIR DAL I, BEAE D 7 i
B2, B E Y ORI AR, iSRG, T AR G0 P O B I TR
AP TR KT BRAE T e 0 S H A LRI, e 4L 7y AN BE -5 B 13k “ g &7
R TR S, MR sl — € Z a2 02— M. 8T L,
HRERIREE I (], WS Wi MAE A oA T IE R E P, EFE TR AT 4.
BRI BT, RS T BRSSO IR e, SR TR IEAN 55,
FEAN NSO 7RI (AT b DR B BV AT DLEEAT S i, RIS 75 BN S5 77
HENOK B SRR & 3-6 LR BRI BRI T RSk A
WA, B 3-7 IRV E A R H . 4 L T IR B RE E
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070 2
5 " 1- T Butyric Acid
< 1 2 - L& Pentanoic Acid
< 3 - 4R Propionic Acid
0.20- 3

T T T T T T T T T T T
2.00 4.00 600 800 10,00 1200 13m0 16.00 1800 2000 2200

t/min

B 3-6 RRAXBMEYG FTRAZLEEEDHE

Fig. 3 - 6 The chromatogram of different modifier for analysis of formic acid by IPC

- FfR Formic Acid

- . Acetic Acid

- AR Propionic Acid
- T Butyric Acid

- JXI& Pentanoic Acid

0354

0,30+

0,25+

aa b wN R

020+

0154

A/AU

-0.054

-0.10+

-0154

-0.20+

-0.254

t/min

B 3-7 XREBRABRFNGEF—TRRAZELEEELS TR
Fig. 3 - 7 The chromatogram of pentanoic acid modifier for analysis of
saturated monocarboxylic acids by IPC

3.2.1.5 MEFIKE

TR EPERI LT LA B SCPERIVRERE I, (I — ST W B
MG, BCPERIKIERIGT . GBI ATI, BERAHERN, e PRI,
FLNV 5 € 0 208 JBUE TR AR ], VTR, WAL, 2
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W€ 1.0 mmol . L™ T AME FEE I SER, 0.5 mmol . L™ T A LRI R

OB, 1.0 mmol - L™ ER O TR Akt 77), 0.4 mmol - L™ CUBR A IR I e ik

A, FRER AR AL R LA 3-8 3-9,

AJAU

——05mmol . L*

1.0mmol . L*
——15mmol . L*
——2.0mmol . L
——25mmol . L*
——3.0mmol . L
——35mmol . L*

A/AU

T T T T T T T T T T T T T T T
1.00 2.00 3.00 400 5.00 6.00 700 8.00 200 1000 11.00 1200 13.00 14.00 1500

B3-8 FRARETRANMNGTRE TS MEESHR
Fig. 3 - 8 The chromatogram of different concentration modifier butyric acid
for analysis of formic acid by IPC

———0.2mmol . L?
——0.3mmol . L

-1
oz ——0.4mmol - L
o10] 0.5mmol . L
-1
o —— 0.6 mmol . L
0064
018 T T T T T T T T T T T T T T T T T T
1.00 200 300 400 5.00 6.00 .00 .00 2.00 1000 11.00 1200 1300 1400 1500 16.00 17.00 1800
t/min

B3-9 RRAKETERAMAGKBRAZELRE EE)>HRA
Fig. 3 - 9 The chromatogram of different concentration modifier hexanoic acid
for analysis of pentanoic acid by IPC
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3.2.2 (AR DI EMIUER
3.2.2.1 BiLFEF

3.2.1.1 Fif A — SCR R K H Waters SymmetryShield RP8, 3.5 um (4.6 mm 150
mm) EL AR SOH TR0 (0 152 1) o0 B A s B T I R T RIS
{BAERH PR8 (il AL AE 73 B £ RN RIS, BT =% R EHR®E, 42
PR 2R B T B 5 AL B M I B i 0 S R0 R, T P R JE A i
I, HAE T E &, R KL AN K Waters SymmetryShield
RP18, 3.5 um (4.6 mmx150 mm) € il 590 R 0% i 2 BoR .

3.2.2.2 BFXNRFIFRIEESE

RIGAEIERE RN, 2RAE N S T X REF RIS, RIS Re 68 SR —
TCHRTR Y B T RAGED, AR R R P B 27 XA P BB AR, &
SRR BRI RS KG, (R IR B A0 e ade BRI D 23 A MR — TSR R I 25 X 4R
BT, W 0.6 mmol . L7

RINSHEFRNZEAE T, RN, RIS FRERF S —. R T
BIxt, A g, RGP ARE, TS, e e
7, AL SR, A ORISR AR UL T AR R ERSAELE, W
EERMESR. RIS 22/ g TRAHE T ot aniig, mAE
SE ARG JEE T TR 4 1) 8 s A VAV ML R — e IR AT 00, LR 3-10. HffisE —
TGRSR B 51 R FH R A A B8 1 X R

0204

AIAU

t/min
B3-10 A FERMOEA_THRBABRLE ECESHRE

Fig. 3 - 10 The chromatogram of saturated dicarboxylic acid with phenylguanidine
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as ion pair probe regent by IPC

3.2.2.3 BMFIFE

454 3204 AR, T IR CIRIR AR AR, WP E R TR
JIRAE N IEFIR Co~Cs AN —JORRIEAT 0t . BRI, IR TR
TRRIMEtEGR, FECGEAIA —JeRR AL, HA BRI ERIn, &5
AL G NAR R R, HIEIEIBE, 56 LA 0K, 15 € Hoy e ol
TR R ah AR e A i B LI 3-11 AA 3-12.

—— 7B Propanoic acid
T & Butyric acid
010 ——— J%B& Pentanoic acid

A/AU

T T T T T T T T T T
2.00 400 600 200 10.00 1200 1400 16.00 18.00 2000

t/min

B3-11 RAMEAANMNG T _BREEARECLESBE

Fig. 3 - 11 The chromatogram of different modifier for succinic acid by IPC

0.080-

0.0704

—— ™A B Propanoic acid
—— T & Butyric acid

0.080+
v0s0] —— J% B2 Pentanoic acid
0.040+

0.0304

00204

A/AU

0.0

0.000 - ST i e

00104

-0.020-

-0.0304

-0.040-

T T T T T T T T T T
2.00 4.00 E00 800 10.00 1200 14.00 16.00 18.00 200

t/min
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B 3-12 REMRAMF QR _REZEXEEE LS ER
Fig. 3 - 12 The chromatogram of different modifier for glutaric acid by IPC

3.2.2.4 EFIKRE

TR — U R IR R BN — o R A E RS, FEWNRHE. Mo =R
FE I RAE R Z B2 — P A, ENREIER R G T35 pH 2240 B
MAEE— ERR LR, LRI — BRI, RSN, otk A R
BACK, S EIEE ERIL SR r ki, e s, Bl
N SRR e E R IR EE A 10 mmol - L MEBRZ R EE D JURE N, LK
2-2 AP 2-3, PRUEALG I E 25 R ERYE . AR T AT 1R, LR
[ — A i B S AR, FRES B AR . B 3-13~3-16 43N 4
BE N IR T =R R R A IR IR et I A 4 A 1 o TR BEAE 2 ~ 10 mmol
CLNEEAN, pHAEASEZI )y 343 ~ 3.79, KNG MR, N _BATERGE T4
B P B AE MR SAE R ARAS S, RIELPONE, HIERACR R NGE;, T
B2 TR BRI EAE 0.5~ 4 mmol . L7 RERIRIE X (R WALk, TRERIKIE#NY, H
M SR A . SRR RN, (HORBE I TRIREKC s [ AE et R RS
R TR E IR A, JEG I R A R . e EEig B AT, A
A 5E 10 mmol - L RER T 2 B2, 2 mmol - L7 RER A ERA T IR,
1mmol - L™ RER T I — B N f R T

———40mmol -LY  XE
“ Pentanoic acid

t/min
B3-13 FRKEANFNGC_BRABELEEEESER
Fig. 3 - 13 The chromatogram of different concentration modifier for oxalic acid by IPC
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T S BRI A AR L

2 3
e 1 4 4-1.0 mmol -L™
3-20mmol Lt K&
. 2-5.0mmol -L! Pentanoic acid
1 ]

AJAU

T T T T T T T T T T T
1.00 200 300 4.00 500 6.00 7.00 800 2.00 10.00 11.00

t/min

B3-14 TRRAAMMNGA_BRANELRE LX) HA
Fig. 3 - 14 The chromatogram of different concentration modifier for malonic acid by IPC

0.204 1 2

85 3-4 1-0.5 mmol -L™*

0144 2-1.0 mmol -L 1 &Eﬁ

on2 3-20mmol -L! Pentanoic acid
4-3 Lt

A/AU

t/min

B3-15 RARKAKEMG T _BRAELE EEE)HE
Fig. 3 - 15 The chromatogram of different concentration modifier for succinic acid by IPC
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0.5mmol -L™*
1 31lia 1.0mmol -LY X
. -L'i Pentanoic acid
.L'

A/AU

5.00
t/min

B 3-16 FRKEKAMMNGR_BRANEAREEEDHR
Fig. 3 - 16 The chromatogram of different concentration modifier for glutaric acid by IPC

3.3 IhgE

PN S B UID NN = S R a0 R Wil By I3 B R  plp Ly SV CS R R A o a /T
L TR — 0. InRIR RN A YR SO RO G RE B o i 7, B 7 Hox
FE AT 2t o ZRIIURN 2R MICES X R4 71 ) e A4 B8 2 Wi AR A7 T e R B B2
B (—K3.0AU) BIF AL E, EXMROGE T HAE M LR R, BRIt 2R
ARE3 0.6 mmol - LY, —ZRANAHE H0.12 mmol - L~ slebk 7 Ok v
RERS T BB T XA & B AR B e (I, oo 7k P8 ) e i R R T o A
THEVZRI, Z2RMOKE W, TR TR CRRONSUERIRITaAE, A ER
LR, AHPLC-DADU A ZRAG, Arimi. mdk. Pud, AL 770
58 AR AT B R i 55 47 IR AT 1) VR R R R A D K FH 58 A I 248 R 3R AT 4 i i 3K
) E AR, RIS 0B SR T0 SR A AL & 7 B S D ) 20 A R AT BB A
DIEESS =
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FH BB R A AR
FE EHENRERILENE C~ Cytif—ITiRlR

Bt H AT AN — JCER R 70 M1 7 15 A7 AR 1 Wik g, AN ER B 5 V2 AN BE S 4 2K
W EE Ak AR 2 Sy mr g 2Ol R AT AR A 2 R R 009
FEH B 7 T7VE A B0 0L Sy T R A R A MU S R, R SESE A
F—JCRBR IR YE . pKa AT . MR un WIS I i, 7 B S a7 B PRk
HER VAN — SO R BT A I 77, F AR PPI Al — e R IR = i . A E
PR AN R E A S X REHRF, I InAE R e 77, @52 IR 41R .
R TR JRERFN IR Y SsAH [R) 42 )6 B Gt 4 #5125
4.1 RIS X
4.1.1 UBREE

I 3.1.1.
4.1.2 AF 5Hm

ZEMI GR, IR ARAFAERAF]; A28 —HEREH, TA/EIRUE,
99.95 %, Wr AL LT HIR. 4R 4. 4 2#. 4R 3#. WIRH ML
AR s R 2.1.2,
4.1.3 DHEH

WENM: 0.12 mmol . Lt /2.0 mmol . L™ R /K TR s
4, 3.1.3.1.

4.1. 4 BRAECH
212,
4.1.4.1 EEhERVECE

B2 0.12 mmol . L™t ZZEMUKIER T 2 L 40 5, inN 2 mmol T BR&, #2451,
RN M BRI BAH s [RIRE, 204 CERANN IR IR BIAHED DA Z) 1 mmol T 7R
&=, T TERWMAZ) 2 mmol IR & .

B 0.6 mmol . L™ ZEAUKEW T 2 L AR, A% 0.8 mmol CUiRE, %
51, AR HTIRIR IR ANAH o

4.1.4.2 g, 2B, RER. TER. KBRS &imiRAvECH

WEEAVEAN 100 mL AERH, REFEREE, 2RRRER. CR.
IR TR, XK. COfK% 029 CFEMi£ 0.00019) E T & BMNMKAEERS,
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BE], KERZEZEL.
4.1.4.3 FERARBECH

T 6 /4~ 100 mL HFEMF I EK, FREGEEKAE, SHRIFR. LK.
WIR. THR. RIR. CRRFEMZD 019 THEHMMPIEERY, KEBFEEZIEL.
5], WRMRE 10 f5teE, HemRIIMRE 5 5kFe.
4.1. 4.4 ¥REMNERESHERECH

HY 4.1.4.2 bRuEf £ AT R 4-1 T HIVR SRR SV, T An eI N Rl &
AIIIE o

£ 4-1 AT EMAERRES AR ECH i

Tab. 4 - 1 Method for preparation of sample solution for standard addition method

WA R — R B
Solution name Formic acid / Aceticacid/  Propionic acid/  Butyric acid /
mg . L mg . L* mg . L*! mg . L*!
TRETIR 14 10 10 150 200
RG24 20 150 100 100
TREIR 3 50 100 200 150
TRETIR A 100 200 200 100
TR G IR 5# 150 200 200 200

4.1.5 FERFHIRE

4.1.5.1 & RAONE

S5 4.1.4.2 FTECHIN Ci~Ce MU — T IRBRARMEIA I HFFRE K 10 mg -
L. 5mg .- L* 2mg . L' 1mg . UVARUE TAEEW, 76 4.1.3 264F FREFE T,
LA SIN=3 if, #fisE HoAu i FR(LOD).

4.1.5.2 fRiERZRYAH

¥ 4.1.4.2 FITEC I FROARUE T AR B AN IR BE /K. HER: 10 mg - L™, 20 mg
L' 40mg.L' 60mg. L™ 80mg.L" 100mg.L*. 150mg . L™*. 200mg
Lt 250mg - Lt 300mg - Lt 400mg . L™t HAhES: 20mg - L. 50mg -
L. 100mg - L. 200mg . L™*. 300 mg - L™. 400mg . L. 500 mg - L™. 600 mg
. Lt 800mg . L™t 1000mg - L. 1200 mg - L. 7E 4.1.3 240 FiERE T, DA
BERE R m XTI AL A 5T Co~ Co MR — JCIRER & T4 M b v i 28 .
4.1.5.3 EMHE
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KA B, 4 B IIARAET- L0 Bl AR b . FERYR N 100 mg - L™ AT 1
000 mg - L™ AN B FE KT s 2R AR T R IR i 200 mg - L™ 1 2 000
mg - L PN R A, R~ IR vk P R R R 10 £ RS RN 50
mg . LA 500 mg - L PN BEIRIE KT . SANRINAKCE 5 IRE S, RN
[l

4.1.5.4 BEE

Iy BIFREL 8 4 FHERFE T2 0.1 g CKEREZE 0.000 1 @), 4FR. NI, THR. 1K
TR, CRRFEM S 029 CRERIZE 0.0001 g) T&% HK 100 mL B&EMW, —Z%KE
2%, HIFRRE 10 f5HbRE, TS AN ARAER 25 RSD 18
4.1.5.5 1BA—THRER S =N E

15 413 M0 FHbREHT, 4 4.1.4.3 PTECH R SR UGIERE BT, A
R, 5 E R E 1R E R o E et
4.1. 6 BREHEIMEMNE

MeHl 520 mg - LY HIEE. 200 mg - L™ 2. 200 mg - L™ TE2HI 50 mg
L™ 100mg - L* 200mg - L™, 400mg . L™*. 600mg - L™, 800 mg - L™*. 1000
mg - L™ IR R BIbRdE TAEVE R

MeHlS 520 mg - LT FIER. 200mg - LY 2. 200 mg - LR, S5HE
WA R T TR R VAR AETE T o

£ 4.1.3 A FSE 4.1.4.4 FECHIG 5 AMEAFESSERHAER. T RRIT B
#, FHIHHIL RSD fH.
4.2 FR5TTR

4.2.1 FARFHE
4.2.1.1 MR

LL SIN=3 if, W75 FERAI BRI LOD Jy 1 mg . L™, AT #RI¥ LOD N 5
mg . LY, K LOD A3mg.L", T LOD AN10mg. L™,

4.2.1.2 frERRZE

DUBERE R m S0 MG TR A iR — o RIRE B0 irbsiE 2 (K
4-1), BRI E FERLE 10 ~ 400 mg - LHIRETEE P, HLRPERIAD5FE Y = 94 401
+4 4554 X, r=0.9992; 7£20~1200mg . LYIREETEREN, ZBRIZMREIE7T
F£Y =948 802+1547.5 X, r=0.998 1; NERHJZERIATTHE Y = 596 443+1 162.3
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FET M. AN i 7 T AR IR R AL S

X, r=0.9981; THERIMLMERITHFEY =19729+1027.4X, r=0.9998; 7£ 10~
800 mg - L™ ik EETEREI N, IR LR [ 5 FE Y = 23 100+-711.39 X, r =0.999 7;
fE20~1200mg - LU IRV, CUERMIZE R FE Y = - 93 026+930.71 X,

r=09996; FR. 4. WKR. TR, KR, CBRILHEMCESRE, r#K
T-0.998. Ci~Ce 1ANI— TR IR MUY S AR HO LTl r S ] (K] 4-2 ~ 4-7),

30000000 1-HR Formic acid
2-Z./% Acetic acid
3-IN/ Proppionic acid
25000000 4- T Butyric acid
5-1%# Pentanoic acid
20000000 F 6-C.f® Hexanoic acid
<
L 15000000
10000000
5000000
0 ” 1 1 1 1 1 1 1 1 ]
0 2000 4000 6000 8000 &0000 12000 14000 16000 18000
m/ng
B 4-1 tfe— KR IRAE G K
Fig. 4 - 1 The standard curves of saturated monocarboxylic acid
o 2
0251 1- /K&R%E System peak of Water
2- Hfg Formic Acid
3- ZIEHIASE  System peak of DPG
D 0.10-
<
< 0.05-
: VT
DDDDD 1

T T T T T T T T T T T T T T
100 20 3.00 400 500 600 700 800 2.00 1000 1100 1200 1300 1400

t/min
M4-2 PREAMAELEEES)HR
Fig.4 - 2 The chromatogram of formic acid by IPC
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A/AU

A/AU

1- /KZRSE System peak of water

2- NIR Propionic acid

3- ZHRINHRSE  System peak of DPG

4 - R 4i0&  System peak of modifier

3

T T T T T
2.00 4.00 6.00 00 10.00 1200 14.00 1600 16.00

t/min
B4-3 CRRARABZEAEEESHA
Fig.4 - 3 The chromatogram of acetic acid by IPC

2
1- JK&EGW%  System peak of water
2- NFR  Propionic acid
3- ZIRTAZIE  System peak of DPG
4 DM RS0 System peak of modifier
1 4

3

t/min . | |
B4-4 RBRRAAMEALRLEHESHE
Fig.4 - 4 The chromatogram of propionic acid by IPC
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01¢] 3 1- KARGUE System peak of water
2] 2— B tE R G&  System peak of modifier
use] 3- T Butyricacid
o] 4- ZRILARSE  system peak of DPG
D oo
<
2 0044
002 2
004 1 4
. . . . . .
B4-5 THRRARRELE E#5 5 R
Fig.4 - 5 The chromatogram of butyric acid by IPC
0144
" 2 1- KHRGiE System peak of water
010 2- JKER Pentanoic acid
o5l 3- ZRMARSE  System peak of DPG
|
< 0
0049
0024
DDD——M_—-—ﬁf*\[’_—‘
0] 1
0044
006 3

L B o o e e B o o e B e e e L o e e L e e
100 20 3 400 500 600 i a0 400 1000 100 1200 1300 1400 1500 1600

t/min

B4-6 RBRAAMEALLEHESHE
Fig.4 - 6 The chromatogram of pentanoic acid by IPC
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" 2 1- /K&R%E System peak of water

2- B Hexanoic acid
015 3- “FMASE System peak of DPG

U‘UU-MT \/_/«

3

A/AU

005+

0104

0154 1

——
200 410 B0 80 1000 1200 140 1600 1800 il 20
t/min

B4-7 TRRAABBEALEEESHA
Fig.4 - 7 The chromatogram of hexanoic acid by IPC

4.2.1.3 EHE
M1 Cy ~ Co MR — JLIRIR 2 N/ ROI N B SR a6 45 S 7 L3 4-2.
4.2.1.4 BZE

IR TT TR, 8 4 PATHENNS Cy ~ Co MR — JUIR IR K 25 B L3 4-3,
THEAHE RSD A 1.40 %. ZFRA 0.43 %. AERAN 0.46 %. T RN 0.43 %. X
15N 0.64%. CLER N 0.69 %. %5 5 &5 B A I E R .
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R 4 - 2 M —uRIRAN B CA K2 R

Tab. 4 - 2 Recovery of saturated monocarboxylic acid

Fih fEAPER Bk PN
Samples Low Adding Levels High Adding Levels
g Wef  EE CPHER#E RSD FmE WEHE  EWE CFHEERZE  RSD/
Fortifica- Measured  Recov- Average/% 1% Fortifica- Measured  Recov- Average/% %

tion/g value/g ery/% tion/g value/g ery/%

A iR 0.0106 0.0104 98.22 99.84 111 0.0998 0.0999 100.12 100.11 0.45
0.0103 0.0104 100.53 0.1000 0.1002 100.19
0.0105 0.0106 101.04 0.0998 0.1007 100.89
0.0106 0.0105 99.31 0.1013 0.1010 99.74
0.0103 0.0103 100.09 0.1016 0.1012 99.60

Y7 0.0197 0.0198 100.39 99.87 0.65 0.2020 0.2037 100.86 100.28 0.62
0.0204 0.0203 99.72 0.2000 0.1987 99.36
0.0203 0.0202 99.44 0.1995 0.2011 100.82
0.0205 0.0203 99.13 0.1935 0.1935 100.02
0.0203 0.0204 100.69 0.1999 0.2006 100.35

NER 0.0199 0.0197 99.22 100.65 1.55 0.2000 0.2029 101.44 99.73 1.16
0.0208 0.2013 102.25 0.2006 0.1984 98.90
0.0199 0.0197 98.91 0.2001 0.1970 98.47
0.0202 0.0206 102.10 0.2000 0.2002 100.11
0.0205 0.0207 100.77 0.2004 0.1998 99.72
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R4-2 (8
Tab. 4 - 2 (Continue)
e AP RPN
Samples Low Adding Levels High Adding Levels
e JiEdE  ERE CFEMGE RSD HmE e EE CFEME RSD/
Fortifica- Measured  Recov- Average/% 1% Fortifica- Measured  Recov- Average/% %

tion/g value/g ery/% tion/g value/g ery/%

TR 0.0199 0.0201 100.69 99.99 0.50 0.1930 0.1914 99.17 98.08 1.05
0.0200 0.0200 100.10 0.1964 0.1932 98.37
0.0202 0.0202 100.00 0.2046 0.2015 98.51
0.0199 0.0199 99.84 0.2035 0.1993 97.92
0.0199 0.0198 99.31 0.2075 0.2001 96.41

KR 0.0201 0.0243 105.78 102.13 3.60 0.2000 0.2074 103.93. 100.21 2.06
0.0200 0.0207 98.04 0.2000 0.2058 100.85
0.0201 0.024 103.17 0.2000 0.2131 99.16
0.0201 0.0204 106.08 0.2000 0.2041 98.09
0.0201 0.0259 97.56 0.2000 0.2057 99.01

A7 0.0050 0.00506 100.14 99.14 2.26 0.0502 0.0514 100.78 102.26 1.92
0.0050 0.00514 97.57 0.0502 0.0505 103.88
0.0050 0.00557 96.03 0.0502 0.0545 99.76
0.0050 0.00505 100.66 0.0502 0.0549 102.5
0.0050 0.00565 101.31 0.0502 0.0539 104.35
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R 4- 3 MAM—TRBRIE N E LR

Tab. 4 - 3 Precision data of saturated monocarboxylic acid

T 5 MEE W8 2Lz Sx RSD/%
Samples No. sampling Measured Average/%
weight/g value/%
A 17 0.1000 97.48 98.44 1.37 1.40
2" 0.1025 97.93
3" 0.1003 100.41
4" 0.1004 98.27
5* 0.1010 98.24
6" 0.1007 100.39
7* 0.1010 98.45
g* 0.1018 96.37
7.1 1" 0.1938 98.53 98.16 0.42 0.43
2" 0.1977 98.22
3" 0.1967 98.00
4* 0.1973 97.82
5* 0.1949 98.92
6" 0.1965 98.33
7" 0.1949 97.75
g 0.1946 97.74
il 1* 0.2003 96.82 96.97 0.44 0.46
2" 0.1999 96.40
3" 0.2002 97.36
4" 0.1999 96.54
5* 0.2002 97.68
6" 0.2001 97.26
7" 0.2003 96.65
8" 0.2000 97.05
T 1* 0.1938 99.99 99.38 0.72 0.72
2" 0.1977 98.77
3" 0.1967 99.98
4" 0.1972 98.54
5" 0.1949 99.20
6" 0.1965 100.55
7" 0.1949 99.31
g 0.1946 98.73
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F4-3 (8
Tab. 4 - 3 (Continue)
e s HR W& fE EHE Sx RSD/%
Samples No. sampling Measured Average/%
weight/g value/%
A 17 0.2051 99.82 99.91 0.64 0.64
2" 0.2043 100.24
3" 0.2021 99.73
4" 0.2037 101.10
5* 0.2059 98.95
6" 0.2045 99.37
7" 0.2041 99.83
8" 0.2028 100.24
O 1" 0.2012 100.38 99.65 0.68 0.69

2" 0.2038 100.84
3" 0.2088 98.94
4 0.2024 99.45
5* 0.2029 100.06
6" 0.2062 99.16
7* 0.2060 99.26
g 0.2033 99.17

4.2.1.5 Bf—THRBRHERESENEER

1 4.1.3 2640 FEFE AT, I IMRENISE F . 41 WSS (B
T3 25 L 4-8) 5 5 [ SRR I 2 2 v PR N 4 TRAH LA, L e 25 51 W3R 4-4,
MEHTTCUE H, AR5 BT Be ke ARG 4H 7 iy o, 0 e {E 4 R 2 e
kR BT R RS TR AR, REEERK, O NIRK
MEMmZE)/NT 3 %o LRG0T, HTHRPEHA —E MR, KPR e 4
R BRNET A S, BONHEG S ERT), (AR HEE— P TRk
HESE,
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HF A

TR il M AR IR R AL & W Y

A/AU

1-HEg
2-2.1% 1#
3-7.1% 2#
4-7.7% 3
5-PR

7\

N

T T T
400 500 £.00

T
700

T
200

t/min

M4-8 PR, LB, ARNSRZEARZEHEA

Fig. 4 - 8 The chromatogram of formic acid, acetic acid,propionic acid by IPC

T T T
10.00 11.00 1200

Ra4-4 R LK. WRAT BREE e

Tab. 4 - 4 The data of formic acid, acetic acid, propionic acid, butyric acid

T T
1300 14.00

g IRI B BE £ R BRI
e 1% IPC Volumetric analysis
T Nomi-  WEfs P W
Sample SEHME
nal Measured Aver- RSD/% Measured RSD/%
Average/%
values value/% age/% value/%
A i 88 80.50 80.62 0.49 86.21 86.21 0.0007
80.30 86.20
81.06 86.21
YN 99.5 98.22 98.01 0.20 99.82 99.87 0.05
1# 98.00 99.86
97.82 99.92
YN 99.9 98.78 99.63 0.75 99.74 99.77 0.05
of 100.16 99.75
99.95 99.83
YN 99.5 91.35 91.22 0.52 91.42 91.48 0.08
3* 90.70 91.56
91.61 91.47
AR 99.5 96.82 96.84 0.21 99.82 99.73 0.08
96.65 99.67
97.05 99.71
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4.2.2 FREMNENELER

fE50 ~ 1000 mg - L™ ¥R EETE I, NERILZR 1 B 7 F2 Y = 45 974+ 301.31 X,
r=09998, JEEMIZMERIFTFEY =-25071+371.28 X, r=0.9999, k%
EH L. IR RS, FRFEFIRE AL T AR R RS o, BAR S2 R PR s 1
B RIS, HAREFRERES, (A NEREL T RS B X 1R soxs &= A7
ST, U RS RER BRI S5 R AR RS, (ARSI B A O
it AL TRk R, BB T AN i sgm, e s REEr T RIE. B
4-9 AR T FRAHAREIR I FLAR B BB N IR R R IR, B pKa UK, BEA
RIS LSS . 5 FOARFIECEE T BRA RIS PR . TR RSD fH4 A
0.54 %. 1.29 %, W3 4-5.

18000000
1
16000000 |- LT 2
2-THR-H— 1k R
14000000 |-
3-HIR-IRER AR
12000000 | 4-THE-REH &R

< 10000000
o
8000000
6000000
4000000 |

2000000 [

0

0 5000 10000 15000 20000 25000

m/ng

H4-9 REMKRHE—RRAAR, THRATAHK

Fig. 4 - 9 The standard curves of propionic acid, butyric acid in mixed and solo acid solution
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0.80—

3
o704 1- K Water
nso] 2- PR Acetic acid
0504 3- Hf® Formic acid
a0 2 4- 4R Propionic acid
] 4 5- TE Butyric acid
2 c 6- “HKIIFESE  system peak of DPG
2 0.20-
nnn——‘\‘{—J 6
010 l
t/min
B4-10 P8, LB, AR, TRESZRNBLEE LS H A
Fig. 4 - 10 The chromatogram of formic acid, acetic acid, propionic acid,
butyric acid mixed solution by IPC
R 4 -5 AT BRAREIAIE F90 5 BodfE
Tab. 4 - 5 The data of propionic acid, butyric acid by standard addition method
B nfE WEE EILVES RSD/%
Saml Fortifica-tion/ mg Measured value/ Recovery/%
pes Lt mg . L*
FRR <R W TR WR TR WMR TR KFAR TR
For-  Acetic  Pro- Bu- Pro- Bu- Pro- Bu- Propi-  Butyr-
mic Acid  pionic  tyric  pionic  tyric  pionic  tyric onic  ic Acid
Acid Acid Acid Acid Acid Acid Acid Acid
1# 10.08 102.53 152.36 197.84 151.83 199.82 99.65 101.00
2# 20.16 153.8 10158 9892 100.88 97.43 99.31 98.49
3# 50.39 10253 203.15 148.38 203.98 146.81 100.41 98.94 0.54 1.29
4#  100.78 205.07 203.15 9892 202.80 100.31 99.83 101.41
5# 151.17 205.07 203.15 203.15 204.44 199.04 100.63 100.61
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4.3 ING

ARSI — ORI, AT AR, AR R, SRR
LD REBSERAMENEIERETE, 5T LN, RIS O
WS, TR TRV AR, TR R RE, A R AR A AR B A
NV e BRI B o3 VRS AR 3 1A T B B RORSCRE, o IR B 52 i
[ SR 23 BT 73 10 R (R AR 8
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ELE EEXERIEENE Co~ C; ZTiBFRER

MR — TR IR & — RIS L B B AL T RURE, 7EHI 2547 Mk 2996 B A a4
GERMIEVE. Mo R G Y. Bgin L. fEALTH 2 LR AT )
B AR 3 AR AU, A T R AL S N RIS E B R, B
BREEBIE, I IR ST ES . BIAT M e, B bR 2 K FH R B
SEVELTL HAM TR, AR AR TR R A BRI . AR — e R
To 28 AN TR 5 ST R R T T 0T SR R I R TR Eh 1 [ 4 A R s cu?
i) B -0 (il SO e SR R 22 B Rl i A B P AR IR T R
KR DR, (HE AR ISR A 6 ik i £ RN —IRIHRIE . A
K A CH Y 58 X HR AR 0 3 5 Cp ~ Cs MR R T A B A 8 AN IS i B2
FXEEY), R TEATIE, TSRS BRIk 8dE, ool
FIRERISA St —Fh i . @A MR & &0 T B
51 tRt5 7%

51.1 MBREE

I, 3.1, 1,
5.1.2 R 5

I 3.1.2,

5.1.3 D&M
I, 3.1.3.2.
5.1. 4 BiRAVECH

. 2.1.2,

5.1. 4.1 REERIBLH

BCH AT 2 /R TN AT T . TR ERAIUENAE, A 0.6 mmol . L™ ZEK
/10, 2. 1 mmol [RER/KEW, BT 1L40F, RN, #5.
5.1.4.2 2R, AITER. T ZERANK ZERATENE &5 iRrECH

SRR R A IR T R TR IRARES 2 0.2 g CFEHAZ 0.000 2 @)
T B 100 mL F=ilF, —FKER, #5.
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5.1.4.3 ¥MmiARNEH

ARG IR W] T 2R IR MRFEMZ 0.1 g i % 0.000 2 @)
FHHEK 100 mL FEMF, —FKER. B, L BWRE 1015, HERWE
5 5 HEFEIE -
5.1.5 FFEFHE
5.1.5.1 & PRAVNE

Y 5.1.4.2 Fr R (AR AR 23 B SR — e RIRIZ MR 10 mg - L.
5mg . LY 2mg . Lt 1mg . LN brdE&RL 7 5.1.3 20 FEEFE#r, DL SIN=3
it, #iE LOD.
5.1.5.2 FrEHREZRLH]

¥4 5.1.4.2 BT AR I AR A RIVR FEKCP (418 IR T 1.
K _W: 10mg. LY 20mg.L* 50mg.L* 100mg.L* 200mg . L™*. 300
mg - L™, 400mg - L*. 500mg . L™, 600mg . L™*. 800mg . L* 1000mg . L™,
1200mg - L™\ 1400mg - L"), 7E5.1.3 24 FEEREMT, DLERER m X An
A T Co~ Cs AN e AR IR W & AT AR T 22
5.1.5.3 EBE

KR RERVE, DRI RASFE TR . 22 W T 2.
% BRI N 50 mg - L™VRT 500 mg - L BRANSEIR KT, BEANERINKE 5 K
HE, HEEBMELE.
5.1.5.4 {ZE

S AIFREL 8 4 & ERRE ) 0.1 g CR5HAZ 0.000 2 @), AR, T R, &
TERFEMZ 029 ORERAZE 0.0002 9) T HEM 100 mL FEH, —ZUKER, #
5], BB 10 fEEFE, A RSD fH.
51.6 ZZlk, AZER. TZRMKXZBHERSSHNE

1 5.1.3 %M T, ¥ 5.1.4.3 FTECHIIFE SE R IGERE M HT,  AMFRiEE & .
5.2 BFR5TVHL
5.2.1 R

DL S/N=3 it, SZill 2~ LOD 10 mg - LY, N iR, T Ak =%
ff LOD A 5mg . L™,
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5.2.2 FrERRZE
DIHERE R & m S50 NS A, 2o 8. /R T BRAR R
B TARME I 28 W8] 5-1. 7€ 10 ~ 1400 mg - LY IREEVEFE, 2 R R )5
FEY =523914984.54 X, r=0.999 1, H —FRIIZ M RIHTFE Y = -264 890+ 1018.8
X, r=09990; T MM EIATFEY =-32310+529.18 X, r=0.9985; X
BRIt mH 5 FE Y = - 93 724+773.42 X, r=0.999 3; C,~ Cs Mifl — TR FRITI £
PEAHSCYER BT, r KT 0.998, Co~Cs TN — JTIR FR #i 78 SORH (] 43 6 FE €0 1 47
= WK 5-2 ~ 5-5,
30000000
25000000
20000000
15000000

10000000

5000000

0 1 1 1 1 1 1
0 5000 10000 15000 20000 25000 30000
m/ng
B5-1 LB, A=, T-B®., X—BROFEHEK
Fig. 5 - 1 The standard curves of Oxalic Acid, Malonic Acid, Succinic Acid, Glutaric Acid
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AJAU

-0.04+

-0.0E+

012

010

0.05

0.06

0.04

0.02

1- 2= Oxalicacid
2- ZKACARS:0  System peak of PG

-D 08 - T T T T

A/AU

t/min

B5-2 LoMRAAMEALEEH#ESHE
Fig.5 - 2 The chromatogram of oxalic acid by IPC

0.20+

018 1

08 1- W= Malonic acid

Z:: 2- RIMFGE  System peak of PG

t/min

B5-3 A—BRAERAELEEESER
Fig.5 - 3 The chromatogram of malonic acid by IPC
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005 1
1- T Succinicacid
008 2- ZEACARS:0  System peak of PG

AJAU

]
1.00 2.00 300 400 5.00 B.00 700 8.00 900 1000
t/min

B5-4 T_BRRAMABLEEESEHR
Fig.5 - 4 The chromatogram of succinic acid by IPC

1- X Glutaric acid
2- ZKALASE  System peak of PG

A/AU

t/min

B5-5 XR_BRAAZELEE LS TR
Fig.5 - 5 The chromatogram of glutaric acid by IPC

5.2.3 ERERNRIEER

B2, 513 WM, Co~ Cs MM —JuiRIRIIT 3 M A AE 97.75 % ~
103.83 %yt il N, FLvHEGA E REAS FE AT /2 W B 7 TR . Co ~ Cs MU — It iR IR
2 AT A I e 25 R WK 5-1.
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£ 5-1 WA ERBRE N BG4 R

Tab. 5 - 1 Recovery of saturated dicarboxylic acid

FE &AKFPAHMEOmg - L) FKFE (00 mg - L)

sam- Low Adding Levels High Adding Levels

P HmE WEE EAEE TE RD% WE WEE FEE THE RSD%
Fortifi- Meas- Recov- & Fortifi- Meas- Recov- &
cation/g  ured ery/% Aver- cation/g  ured ery/% Aver-

value/g age/% value/g age/%

. —fg 00051 0.0102 102.29 101.77 2.16 0.0499 0.1024 104.73 103.83 1.49
0.0048 0.0168 105.12 0.0501 0.1016 103.06
0.0050 0.0166  99.34 0.0499 0.1029 105.86
0.0050 0.0169 101.79 0.0502 0.1011 101.83
0.0053 0.0173 100.34 0.0500 0.1019 103.68

N—_fk 0.0049 0.0100 103.57 101.79 1.34  0.0498 0.0994 99.20  99.23 0.11
0.0050 0.0100 101.73 0.0498 0.0995  99.37
0.0053 0.0102 100.38 0.0505 0.1001  99.31
0.0056 0.0106  102.7 0.0502 0.0997  99.07
0.0056 0.0106 100.58 0.0498 0.0994  99.22

T —m 00052 0.0102 99.74  100.97 1.01  0.0501 0.0993 9834  97.75 0.65
0.0049 0.0100 100.4 0.0502 0.0987 97.01
0.0051 0.0101 100.71 0.0506 0.0991 97.18
0.0050 0.0101 10181 0.05 0.0989 97.83
0.0051 0.0102 102.23 0.0503 0.0995 98.38

%@ 00051 0.0101 101.30 100.73 0.79 0.0503 0.0999 99.24 98.97 0.54
0.0047 0.0097 100.27 0.0497 0.0994  98.38
0.0047 0.0097 101.14 0.0500 0.0991  98.25
0.0051 0.0101  99.55 0.0504 0.0997 98.54
0.0052 0.0102 101.13 0.0509 0.1006  99.42

5.2.4 BEENMELSR

8 KEEIE C, ~ Cs MM —TLIRIRTE 5] 2 —H2X RSD J9 0.67 % A
0.60 %. J &4 0.67 %. X _FRN 0.87 %. FEEJLH L H ESNTIER, T
LR INR 5-2.
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Tab. 5 - 2 Precision data of saturated dicarboxylic acid

e 5 WREEE W sEE PIE Sx RSD/%
Samples No. sampling Measured  Average/%
weight/g value/%
A 7 17 0.0105 99.13 100.28 0.67 0.67
2" 0.0099 100.40
3* 0.0101 99.48
4" 0.0104 100.97
5* 0.0105 100.21
6" 0.0101 100.97
7" 0.0098 100.33
8* 0.0101 100.78
TS 7% 1* 0.0206 100.40 99.41 0.60 0.60
2" 0.0207 99.05
3* 0.0212 99.80
4 0.0203 98.66
5* 0.0204 100.04
6" 0.0205 99.01
7" 0.0204 99.03
8* 0.0201 99.25
T 1* 0.0205 99.31 100.00 0.67 0.67
2" 0.0202 99.13
3* 0.0206 100.48
4" 0.0204 99.28
5* 0.0200 100.42
6" 0.0205 100.65
7" 0.0200 99.96
g8* 0.0201 100.77
%R 1* 0.0200 100.05 100.64 0.88 0.87
2" 0.0200 100.40
3" 0.0200 99.65
4" 0.0201 99.85
5* 0.0201 101.90
6" 0.0204 100.40
7* 0.0198 101.95
8" 0.0203 100.92

5.2.5 &, RS, T _ERFMIX B SRSENEER

1E 5.1.3 7T E N, WAEAFAZ KEEMSEILE 5-3, 4R, N
TR, T SRR R AS BN 99.36 %, 99.99 %, 100.79 %, 99.80 %.
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R 5 - 3 A ZuREREE B W SR

Tab. 5 - 3 The data of saturated dicarboxylic acid

R PRRRE e f8 FEME RSD
Samlpes  Nominal values /% Measured value/% Average value/% 1%
LR 99.8 100.44 99.36 0.95
98.72
98.91
W 99 100.48 99.99 1.01
98.84
100.67
TR 99.5 101.36 100.79 1.15
101.56
99.45
-7 99 99.49 99.80 0.57
100.47
99.45
5.3 I

LL 0.6 mmol . L™ 2N B9 7S HRERG, BAANIF I (0 LRy el 7], o
TIMEL IR IR T R A b SR B O B il b ik . %07

ERE 24T, PR, R e g B R 5, BT R TR H R
HPLC-UV 3 #7 T76 58 4N AL 46 S RN — JC R R 1) 40 B M it
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45 iR

PIRAR, 28 WO & 2R EHRGR], SR IR G il M RE A1 RP8/18 i AT
NI E AT TR, SEBLT A —I0. ZuRmRENEYRH
HPLC-DAD I [ B 11, K28 G I 25 K6 W5 el A Sl fr 0l s EL A S0 35 141 1)
YWY REENRE G REHFHANNEY . —RKIUEH T Ci~Cq.
FRNGE A F Cs~Ce — JUMIAIRIR . Co~Cs U AR IR I 5 & 1T

PR T AR VEBE I EE A 7y PR EN S A PR, S “FhF. kM. 47 =
RMLER . ST 2 DU P B sh 255 A2 5 1 s MR AT AR 20 FL LE PR T 408 1
IR P 2 TR 5 e 790 0 P R B 8 e T P 36 01 481 e ¥ 2 7 3 T PO
AitEoL; KA MRS, B RS E A oA 0 BOH R BT RE SRR
pH {H % B PR PR 8L T AT AR 5 et FIRp 2 5 9
PR PR T

ST TSI i B N R E R A A 8 R 23 B B A B AR IR AR
BT RHGE A= A B AT R O R . TR 06 B AR R R 2
T, LR JE AR T AS PR 7] 88 T2 Tk Vi o e 750 1) s 38 B4R sk
JE], BIZERIE— S OL T, eI LR 2 — A KE BT (R
BSF) VR B R P AT SM IR Y P C i v SE A R4 et 0 00 b 288 e 52 S 7
ST RENE KA, AR A G ) S DR B IS TR AT, e 751 P52 D e s H e
EFIETE .

BN AT TR ER I (R B B il e BT T v . R~ CBRR A RP8
Gk, . 4. A THEREL0.12 mmol - L™ 280/ T RREREE KIS, TRIR
L 0.6 mmol . L2/ 0.4 mmol . L™ &2, SE&H 0.6 mmol . L™ MUK AR
NIRENAH: L RN R A RP18 uilii, T AR G RP8 i,
TRENAEN 0.6 mmol . L AN/ RIRKIE W . Z7 kL MR o R R AT KT
0.998, % FE 343 /2 i B A BT LR o SR PRI AR 38 B i 2 = 245 S
AIEE, JHBR T SRS TR

A KT ERA RS RSCHNEA R T8 3 2 T MaEIRREN S
Y2 & BIE AL 220 B A AT e . B RHREHEGRIZRIT, — ) ITER
@, v LAY B A S B B MU A AT, BT R .

-65-



FT RN — RN L C iy o0 Hr AR IR R AL S I B 9T

72



Rk N2 e AT

SE K

[11 EEEK. HREOEEAR LI TN T 0] AR R, 2014, 33 (3): 43-44,
[2] TR:, ®GEE, RO % HRASS T ZHEHARMA [J]. % THIH, 2009, 163
(4): 52-55.

[8] Hifgs, #92EE, kU & FIEKERER & KR D] LRURIEE:, 2011, 39 (32):
20038 - 20040.

[4] EHE, 7306, HEW. NERMA T2 AN [0 FES AT, 2004, 32

(1): 32-35.

[6] B4R, R, KRAOE. AR TR AR [0 PEAEYTERE, 2009,
29 (3): 117-122.

[6] GB/T 15896-1995, fL2ik7 HIEE [S].

[7]1 GBIT 676-2007, 7] 4 (VK&  [S].

[8] GB/T 22145-2008, FAkHAMG FEE [S].

[9] HG 2925-1989, f N NER [S].

[10] GB/T 1626-2008, A EE: [S].

[11] GB/T 5009.157-2003, £ i A HERIIIME T =R [S].

[12] ABME T, XURR, BER, & OG- TEEN € R SR T AR &AM [ &
miE S IF R, 2013, 34 (23): 98 -100.

[13] fhdenk, RGEGE, SRS IGHIEBRBN —UHERHNENE TSR R 0] 5%
By HiAR, 2013, 26 (3): 73-74, 79.

[14] RAE. B EIERENE TV RS RER. CBRMAER [ JE773E, 2013, 25 (9):
136 - 137.

[15] BHII, ABeC. B EOiEiE s iR, O, WR []. /A4, 2009,
36 (7): 220-221, 237.

[16] #Ezh. M T 8RR KRS RO EEE 7L 0], fesiEik, 1994,

(7): 52-55.

[17] JEHALL. & IR R B R I 7 i Fudt e [3]. ol R, 2013, 41 (D)
314 - 315, 317.

[18] i<, VFEESE, BRICZ. JROR FE BB 40E (- (6] 452 58 A MG I 00 5 0 2 0Tk I v o 1)
AHHUER[]. fai%, 2006, 24 (1): 35-38.

[19] Hattori T, Anraku N, Kato R. Capillary electrophoresis of chitooligosaccharides in acidic solu-
tion: Simple determination using a quaternary-ammonium-modified column and indirect pho-
tometric detection with Crystal Violet [J]. Journal of Chromatography B: Analytical Technol-
ogies in the Biomedical and Life Sciences, 2010, 878(3-4), 477-480.

[20] Campo G D, Berregi I, Caracena R, et al. Quantitative determination of caffeine, formic acid,
trigonelline and 5-(hydroxymethyl) furfural in soluble coffees by 1H NMR spectrometry [J].
Talanta, 2010, 81(1-2): 367 - 371.

[21] Shen X, Tomellini, Sterling A. Indirect photometric and fluoeometric detection in
high-performance liquid chromatography: a tutorial review [J]. Critical reviews in analytical

-67-



FT RN — RN L C iy o0 Hr AR IR R AL S I B 9T

chemistry, 2007, 37(2): 107 - 126.

[22] ik, WHAE, PP, ERORAH BRI E SR R AT /R [9]. b [ ARSIk o
2006, 16 (12): 207 - 208.

[23] Small H, Miller T E. Indirect photometric chromatography [J]. Anal Chem, 1982, 54(3): 462 -
469.

[24] . N e O B E R (R, ) TP S T AR AR & T it e [3].
FH =L, 1995, (5): 1-6.

[25] Iskandarani Z, Miller T E. Simultaneous independent analysis of anions and cations using in-
direct photometric chromatography [J]. Anal Chem, 1985, 57(8): 1591 - 1594.

[26] Yan Z, Duan Z, Li L et al. Simultaneous determination of 1-sulfo-cyclohexane carboxylic acid
and sulfate anion in the by-products of caprolactam by high performance liquid chromatog-
raphy indirect photometric analysis [J]. sepu, 2013, 31(2): 174 - 178.

[27] Chen H; Da, S; Wu, C. Study on indirect photometric chromatography with o-tolidine as a
UV-probe reagent [J]. sepu, 1989, 7(1): 10 - 14.

[28] ¥4, XUER, 7508, 4. [A1EOGE & BOBAH Bk O L B et 7E [91. 20 #rill
REAR G 3, 1995, (4): 7-12.

[29] 5%)7 A, X2, AEJ5RK. JElT oo HEEO AR BB [ &2 K5k (E
SRELEERR), 1996, (1): 44 -47.

[30] % &H], Mk, R¥EEMR, & s U = RS R i [9]. R 2555
#, 2009, 11, (4): 515-518.

[31] Da S, Wang Z, Wang H et al. Indirect photometric of hydroxyl acids using UV-absorbing al-
kylpyridinium or quaternary ammonium salts as detection agents and modifiers [J]. Gao deng
Xuexiao xuebao, 1990, 11(10): 1081 - 1086.

[32] Hung, B; Hsu, Y; Yang, J. Determination of bethanechol chloride by indirect photometric
chromatography Chinese Pharmaceutical Journal [J]. Chinese Pharmaceutical Journal, 1994,
46(2): 123 - 133.

[33] Chalgeri A; Tan H S.. Assay of citrate in pharmaceutical matrices by indirect photometric lig-
uid chromatography [J]. Journal of pharmaceutical and biomedical analysis, 1993, 11(4-5):
353 - 359.

[34] D HH], Ak, B, &5, )itk = H IR S A e L AR BDE RS 0], A&
24, 2009, 48, (11): 821 -822.

[35] % HF, MAow, HR¥EIR, . LR R AR R A AT I b R R RIS A AT [9]. Wb
WAL, 2010, 49, (2): 452 - 454,

[36] Zihk, FHHE, 3247, %5 mRGRAH G- B0 B IEN e R b iR R ] B
i, 1998, 16, (5): 77-79.

[37] ZEHL, BABE, TSekf, 5. o RORUMH Eun-1al 8z FEAS I (R B I i3 A0 R o 6 Fha 2k
HRPAEER O] BWoatricE, 1999, (2): 108 - 111

[38] HHEFS, iAtHAR, SR, & YRR RS AR 1B R 2 (R P SR R AR TS
¢ [0, 1999, 17, (3): 271-274.

[39] 3247, ®AL, R, 55 m RO - (36 B A M e R R SRR IR T [9].
2 Re 2y 245, 1999, 19, (6): 333 -335.

- 68 -



Rk N2 e AT

[40] B¥fESe, FERL, ERFE. BRI BOREIESHRM HPLC-[A G R AN [J]. H E =
24Tk, 1999, (6): 274 - 276.

[41] JEIWEUE, UBEE-F. BN K- A3 5 AN IIE I i e b = R [9]. (i, 2013,
31, (7): 661 - 666.

[42] BERE, BUIERE, 25075, 5. o SORUH €01 - TR Be0 BV R I ar il &y Bk R @) = 4 vh
1-TEIR I R IR R IRAR 7 [J]. i, 2013, (2): 174 - 178.

[43] E#RME, TUL, 29, 5. B0 (k- (a5 S A e Ik 7 Ik e B RIARH 1 [0]. &
W%, 2014, 32, (7), 773-778.

[44] TKEE. BERR (3D FRRIE 7 XRE L 50 77EIT K [D] & i F SRR
TABe, 2013.

[45] Y6550, SO T 70, & BTN ROM S RO - 25 RO GHUR R IR I E = 2 IR
RIfEE [J]. ik, 2009, 27 (6): 849 - 851.

[46] T 7, JuiEsk, Higd, & ZOBRENA 5E T EIE s [ F SRR,
2008, 29 (3): 200 - 203.

[47] a5, Rakse, BN, & = OB AL SRR AR A T A SO O o b 7
% ] ik, 1993, 11 (5): 285 - 287.

[48] Judse, ZW, T 7, % =CBREBEA 2SN [J]. B4k, 2010, 9 (6): 28-31.

[49] Koll A, Rospenk M, Bureiko S F, et al. Molecular structure and association of diphenylguani-
dine in solution [J]. J Phys Org Chem, 1996, 9: 487 - 497.

[50] Preti C, Tosi G. Conductometric titrations in 2-methoxyethanol with N,N'-diphenylguanidine
as standard Lewis base [J]. Anal Chem, 1981, 53(1): 48 - 51.

[51] Gushchin P V, Kuznetsov M L, Haukka M, et al. A novel reactivity mode for metal-activated
dialkylcyanamide species: addition of N,N’-diphenylguanidine to a cis-(R,NCN),Pt" center
giving an eight-membered chelated platinaguanidine [J]. Inorganic Chemistry, 2009, 48(6):
2583 - 2592.

[52] iktHAR. B mAGEA G 0] o8k, 1989, 17 (4): 372-381.

[63] RML/R, RFIE. [MHECRE AN EREA [0]. Gk, 1987, 5 (2): 94-97.

[54] Shahbaz A.Maki, Nell D. Danielson. Indirect photometric chromatography of anions using
sodium naphthalenetrisulfonate [J]. Anal Chem, 1991, 63(7): 699 - 703.

[55] McAleese D L. Indirect photometric chromatography of cations and amines on a poly-
mer-based column [J]. Anal Chem, 1987, 59(3): 541 - 543.

[56] Hamish Small, Theodore E. Miller J. Indirect photometric chromatography [J]. Anal Chem,
1982, 54(3): 462 - 469.

[57] ERNMH, S, R0, 55, R+ )\ e g o Rk R AL ) 4 R AE A A BE TR AT 0], &
%, 2005, 23 (5): 504 -507.

[58] HZkiE, ZJalH, VW&, . Ci OAHREESES M S SIERIEN [3]. 70 bt
2007, 29 (1): 12-14.

[59] #AME, XUER. HEMREE S RORAH GBI EA [ i, 2007, 25 (2): 163-173.

[60] &8, TkIR%AE, G, & mAEERNFES EEMIU iR [J]. ik, 2010, 28

(10): 915-922.

-69 -



FT RN — RN L C iy o0 Hr AR IR R AL S I B 9T

[61] Jenke, Dennis R, Li L. Changes in retention and detector response for weak acid anions as a
function of mobile phase PH in indirect photometric chromatography with a singly charged
eluent ion [J]. Journal of liquid chromatography & Related technologies, 1998, 21(3): 315 -
329.

[62] RIUKS. btk CGEFRD A M) bl S s, 2006, 111 -123.

[63] ARHG &, XUZRR, REF, & U OWE-FTREENE BB G T NI LR [0 &
75k, 2013, 34 (23): 98- 100.

[64] RALE. B EifikllE TR PR IR 2NN [J]. 677785, 2013, 25 (9):
136 - 137.

[65] AKHK, AWM. By @AM E ST PR, 2R, Wk []. 44T, 2009,
36 (7): 220-221, 237.

[66] -Hgte, ZFRIF, tREH, 5. SOM S BOBH G E B R B R SR TN IRAE [J].
WEE TRE, 2003, 21 (1): 57-58.

[67] BaEde, BAENE, BUFRLL. 0B iyl e v LR A A1) T R ERFI N R & & [9). 1Al
kL Toll, 2012, 33 (21): 64 - 66.

[68] ZAlmk, 4=, #E. WA HER. 4R Wk, LR FFERMFERENE [3]. 7
BT, 2003, 21 (1): 60 - 62.

[69] HIME, Fhakdtk, TR, & &R O ENE R Y U MAE LR [0]. & &SP,
2012, 28 (5): 87-90, 158.

[70] Wang S P, Huang T H. Separation and determination of aminophenols and phenylenediamines

by liquid chromatography and micellar electrokinetic capillary chromatography [J]. Analytica
Chimica Acta, 2005, 535(2): 207 - 214 .

[71] VF53E, BARE, Bo0F. BERAPRORBUR g i s [ 7 44T, 2012, 39
(10): 91-92.

[72] WA, Wil SEREA P T2 LW [3]. 7T, 2013, 41 (20): 30-31.

[73] VLEHHE. K BRA S BARMAGF G R [J]. K4tk TIE0RE R a4, 2012, (6):
35- 36.

[74] 2L, ZdE, 1ERT, S5 RRIFHRH & HR [J]. AR MLT, 2013, 42 (9): 54 -57.

[75] BE/NEE. TR C il [ A BRI I AT 9], #h2: Tlks TRERAR, 2002, 31 (3):
34 - 35.

[76] FIE, FH&m, R, REZOEAGIENENE T R, KBRS R 0] =Dk
5TRERA, 2002, 23 (6): 36-37.

[77] W00, S, FEK. mR0RAHGENENE T R KRS =R N]. Ak T
SRR ), 1995, 8 (1): 33-35.

-70-



T SRR A AR L

fiiR— taFREREXLEIE N

T A S - ATR " *H?é?
Chinese com- English EP)‘CEU'% 9&)'(75"]2’. Molecular U i CAS PR
common  Chinese alias English alias Structural formula Relative Nature
mon name name formula molecula
mass
Mfg  Formicacid if%; it% performic acid; CH,O, PN 46.03  64-18-6 R, BN, AR Sk i, R
1L R methanoic acid HO™ 70 (20 C)41%5 1.22 g mLY, Kikih 8.6 C,
&4 100.8 ‘C, [N AN 68.9 C, 5 4 pKa
N 3.744 7, WRIZEIRE (24 'C) N 5.33 kPa,
Prob o 1.3714, W TK, BE. BESE KHE 0 1
HEH P
;’% 2  Aceticacid F:Ws: vkE: ethanoic acid C,H.0 o 60.02  64-10-7  ZW, HiR T A IREUN MR 0 3
- it )‘\ . 785 1.5 kPa (20 °C), M A H16.6 C,
— OH W RON117.9 °C, fEE % pKa h4.759 5, #H
% X% FEL1.05, [N 39 C, BIEMISA % ~ 17 %
1% (BB BETK, 28, LB VR K
Hl A VL
NlE  Propionic  ¥Jyfifig; H ethanecarboxyl-  C3HgO, o] 74.04 79-09-4 IR, A R SR TE B A4 - 25 8 290.99 g

acid ¥ 2., ¢ icacid \)L
OH

SR

-mLY, KB SCR-21 C (252 KD, Wk ACN141 C,
filt B W % pKa N 4.8697, 1 A K JE 1.33
kPa(39.7 ‘C), [N £i52 C, HBIFWIR2.9 % ~
12.1% (HRFD, BEIE TR . LB, &1
%,
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Misg— (&)
EY LR FX4F
LB T e wxms soomg TR paaps RE PR
Chinese com- . . . . Molecular Relative CAS
common Chinese alias English alias Structural formula Nature
mon name formula molecula
name
mass
TR Butyric  IETHZ; K n-butyricacid;  CsHgO, o) 88.05  107-92-6 T, E A T R A R TG £ IR
acid ST, natural butyric /\)J\ Witk . AR 0,956~ 0.950 (20/4°C), H
acid; butanoic OH -7.9 C, #5163.5 C, fiff &% $ pKa H4.818
Fi% 5 acid: 2, WMZEIRE0.L kPa(25 C), INR7LT C,
alpha bu,tanoic PRVERR PR 2.0 % ~ 10.0 % (FEFD, AEVE T K.
pa i LWE. L.
il acid
H
j X Pentanoic 1E/Lf%; N Valeric acid; CsH100, o 102.07  109-52-4 IR, A AR SL R I G B A . AH X
" TR, 1EZ  n-valericacid; OH 187°C, fif ¥ % %t pKa ~4.85, [N 86 C, %
55 ; b WTK. Ol LBk,
e DOHEERR  1-butanecarboxyli BTk w At
icacid;
O Hexanoic  RAR % capricacid; CgH1,0, 0 116.08 142-62-1 O, RS MRIIRBER, FEE (25 T4
acid B, sigmagrade; 7909209 - mL™, #xi-3.9 C, #2054 C,
natural hexanoic O fi# 5 % B pKa 44.86, [N 1104 C, BET K.
acid T OB,
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Misg— (&)
BN .
SXEH Toge dwoms soomg BTR gaspgex  PHATR e
common Chinese alias English alias Structural formula 2 Relative Nature
mon name name formula molecula mass
LR Oxalicacid Fifg: £ ethanedioic acid; CoHz04 90.00  114-62-7 LW, REATIR, N TE 5 I b ik
dicarboxylic acid 2 ghifm B AR, SRS KL, AN
Hoj‘)l\OH 1.653¢g . mLY, #4101 ~102 °C, fiREH
pPKNL.27, pKy,N4.28, ZET /K. 2. &
° Bk, AT =GB . .
Wl  Malonic #53EHRER; dicarboxylic acid CsH404 o0 o 104.01 141-82-2 W, CERRAENNES. miER
acid W% N, Cs ; Be SR Ak, WL N1.619 g - mLt, M
Eﬁﬂjé@?i methanedicar- HO)I\/“\OH 135 ’\“136 T, BB pK1ﬂ92.86, psz\j
bonic acid 5.31, [N A&201.9 C, BET/K. HEE. LHE.
/7 9 W) i 2 A
%% propanedioic acid LRE, VIR WEDE S
5= "W Succinic  BEIIEE, W dicarboxylic acid C4HgO4 o 118.03 110-15-6 TR, LEREMHFRBEARE . BE
" acid ZHE =¥ C, ; HO Y9156 g - mL™", ¥ £(185 ~187 C, ik
2 5. 1.2-2.4: ethylenedicar- OH 235 C., fif 1% 4 pKy%94.15, pK,75.36, 5
ZHIRR;, 4 y AR 5
— iz bernsteinsaure ; R
asuccin
KM  Glutaric  JiKEg; 1,3- 1,3-propanedicarb CsHgO4 o o 132.04 110-94-1 KW, LEKERRHEARE S, BELAN
acid ¥ oxylic acid ; k/\)k 1.619g . mL?, #4492 ~99 C, #3029 C,
HO 0]

n-pyrotartaric
acid; pentanedioic
acid

H

it B8 pKL 4,34, pKyR5.15, (A £i151.2 C,
TR TORCEE, HTEMG. *, ETA
THIE
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MisRZ BEHRIRER

W& 4 3R] BECAEFR H LA FR
A area e T AR
BEH Ethylene Bridged Hybrid M. L HEMR AL kL
CSH Charged Surface Hybrid T HL 2R A R
d Day X
DAD Diode array detector TRE BB R E
ELSD Evaporative Light Scattering Detector ZROCHUN Ao 2%
h Hour /IR
HPLC High performance liquid chromatography e RO 3 ik
HPT hybrid particle technology LR RSN
IC lon Chromatography %¥?i% R G R
F B
IEC lon exchange chromatography [ e/ SN PS
IPC lon Pair Chromatography [E D ahs
IPC Indirect photometric chromatography g2 MRS
LOD Limit of detection o H R
pH Potential of hydrogen PR
RP Reverse phase S
RSD Relative standard deviation FERE AR AE i 22
SIN Signal-to-noise ratio (EL e
tr Retention time {REE 1]
uv Ultraviolet ECAPIN
UV-vis Ultraviolet visible e VOLIBD
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HEARERNG, WL — AN MBI EARBIRE AR ST, AR
5 TR, iER& S 2 HE AR ELT i, &iE R gim
MR K BESUH], AEBOX AT RSN T I 2R E KR . AU R
XFRANEVE R, R RILT AR, s A & .

JECUHEX SCHE 2 PN B 26 MBI SR, 588 & AR — AR TR AT Uk B D 1R R
BN, FBE 0 A S I AT VR BT /K IR HE o BRI 10 30 2 I R AE AR )
T, AR RE sl B SV e B KUBRR 4R B AT AT

U 2010 AR AR A a8, R BNEL Wl BR A
EAHIARE PRI R, AR R 2011 ORI R A SRR, RS, B
. WHE. R, AR A AR .
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