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Application of Response Surface Method in the Teaching of Instrumental
Analysis Experiment: Taking the Optimization of HPLC Conditions for
Determination of Benzoic Acid in Beverages as an Example

Jialiexi-Manafu, Janaer-Tuerxun,Yue Wan, Fudong Ma~
School of Chemical Engineering, Xinjiang Agricultural University, Urumgi 830052, China.

Abstract: The instrumental analysis course is one of the professional basic courses that combine theory and
experiment. In order to improve students’ scientific research and innovation ability, “the application of response surface
method to the optimization of HPLC conditions for determination of benzoic acid in beverages” is taken as an example.
Based on the current situation of the experimental course of “instrumental analysis”, the data processing software
used in response surface analysis is studied in experimental teaching and helps students understand and be proficient
in the experimental design and software of response surface methodology.

Key Words: Response surface; Instrumental analysis; Experimental teaching

1 EEER

A B8 AT SRR R B IR AR (0 T A B 4y, A A SRR T R R A T . TRAR T
B e 2 LRV AT 70 2O ROR, BOTAEIR 2 W Wb, LBk, B~k
BAEE, IR . R LR B BOS A R RSOk T RO, ke S 54
kIRl A RAE AR I SL I Lk, R IR AR R I AT 10 R vk e R i 04,
M) 7 T 49TV e B v RO T VR I 5 6, TSR 22 78 IR 1A J7 R 52 2 AN A B S (1 ol 0 47
BAIAHT, oAl &R0 B 2 AT (MR8 s £ AR RGBT . WS A AR T B B i

Wekg: 2020-11-17; FEFH: 2021-01-13; M%K% 2021-01-26
“HIAEE, E-mail: xjaumafud@]163.com
&R EEARFHFHES(21564015); iAol KSR BHT I H (2020HSCC27)



K 2= A6 2% Univ. Chem. 2021, 36 (8), 2011040 (2 of 5)

¥ W) IS TRV IS P ISR 2 AT S 00 VR B A — i (R M P AR AR o 7E 338 2 AT 526 2802 o SR FH i 7 T
AT AT RIS B, AR SR A B L BHFTRE SO T T LA S 92 A AL HPLCI R YOk
VR FA 2% AF SEIR N ] g I 2 T2 12 P A3 2 20 M s 3 e o 790,

2 FEETTBEE AR

LR AU N A B BT R R B RN EK, XA B AR AE R RE I s[RI a0 Z50AS W S8
NZE, S¥RIREMES. P, SENAEELGE R &I REER.
21 BETERSUE

RS SERZ TV, BUTMSERaT M TAE, S AEAZ Gk & TR, AT3shy >,
MR, Bk, @ik A S S B SLIR R AT TAR T, ORI S, RS
B ML QU RE ) o FERRR UL RE T, ZUNA R4 5 i B0y, ik a2
SEER AT IHE A TAE . BORSFAEMSRAMIRE, FFRE B, &EHIMHTHNLSL . AR
A SL R SRS, I S A R BT R R A B SIS A IV AL I oK . SRR A R e AR H S
ok, JEH S BUNBAT VR 47495
2.2 SIHARRSUEH

K W S TV I T A 20 B S 3 0, a6 B i N TV A A HPL Gl 5 TORE 4 R IR 1) 2% A 7 52 B
S 34T P K P [ Plackett-Burman ¥ i1 /772,  Plackett-Burman ¢ i (LA T i FRP-B 1B 1) A& — P & 5F 1
AR SEE T, W] LUR B R e Ber ik B 43 Bt & DR 3R ERURE A RO s AT RABRE i A AR 22 PR 3 v gk
HORE SIS SR R R I R 2, TR B TR Y B K, ke S AR LA SEER T B T A B RN B T
IRDESRIG TR . BRI R 3R, W B R B SR IR 45 BORE %, JREEATBOR SRS, DL UEA AL 2% A 1)
HEL, 155 AN o kT R O A HPL O G 10K 2K B RR 1 2% 1R S 06, B = BN R AT
B FE I (] (A) 2K BE(B)MIpHIE(C) N H AL &« MR 48 Plackett-Burmanial 3 i it Hi i 2 2[R 200 1Y)
KANBAH BT AR TT ARG, B BRI 3R 0 s VR Dy e BENE 3 S 36 i vt i, DA ELT-400F0 it i
S 2RI B2 TT R A S IRAB AR AL AR FE T 0] o AR S5 BETE SR B0 45 21 (1) 70 55, 1) FH Design-Experts
B 5 1 5 0 R BB AT TR A et e B0 AT /D ol ke, 19 3 A8 LI
JrOU R TR, R T ZE A AT S TR 2R RN FNAE RN, A e VE R A & TR
H 72 F e B RA R 3R 5w BB )90 &R, EICEEAl b, Bfe Fod 25k . 7 VR ReAE Wit
HEA PR RESES T, PR % B F i A DA % AN R 2 IR S BAE AT, R JE SR A5 H AL

FAENL,

3 SLTHNVESEIS W TS5 2 b SE

AR LI R, RIEBox-Benhnken LU0 ¥ ih R B, SR W N IVE, 78 = FIFR =/KF EX)
Rk R 2R R 1R 5 2% AR HEAT AR AT 5
31 ELRPE
311 FreEfh LR AL

KR RO 204 40+ 60, 80F1100 ug-mL ™4 FHER il RN, 1. L Bg &k, B
M5E

DAZK H RRUETIAR AR A AR, 2K R R B IR B CONRE AL bR, e tfilbriE i 22, 13RI FE Ny = 0.7 x
10% + 131634, ZEPEMH K RECNR = 0.9988.
3.1.2 BEAETAE

R BUUORHEE 510.00 mL, 875 — @ B [A] B 2 CO2, FHE /KT pHZI N7, /K E % %100.0 mL,
JEREILPE, AR
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3.2 mIRITEE AL OB R IR B R
3.21 RBTHEER

AR R g A R PO ) (4) ZUKIREZ(B)s pHIE(C)N A AR E, 2K H IR FEICR (V) A
AR, Bt 3 P8 2R 37K T R w0 IS T 2 BT 6 o P 2 T R 2R 7K T i LR 15 i i 3 B i 4 R AR 2

%1 Box-Behnkeni % K & 1K F

) K
K%
-1 0 1
A/min 5 10 15
B/% 10 12.5 15
C 6 7 8

R2 WA B R R b

R A B c Y/(mg-kg™)
1 -1 0 -1 135
2 0 -1 1 138
3 0 0 0 140
4 -1 -1 0 135
5 1 0 1 138
6 1 1 0 130
7 0 0 0 140
8 1 0 -1 136
9 1 -1 0 135
10 0 0 0 140
11 -1 0 1 138
12 0 1 1 137
13 0 -1 -1 136
14 0 0 0 140
15 -1 1 0 137
16 0 1 -1 135
17 0 0 0 140

3.22 HAGTEMBEILSHTEST

% FH SASHR A X e 2 I A0 Hs b 4T Ik Z s RNERL A, 15 28 75 i R KRB . pHAE 510k R

R $2 B %6 2 [A] (1) IR 22 T B] U 75 F2
y=525+4.154+13.15B + 8.625C — 0.144B — 0.054C — 0.0014477 — 014BC —
0.114% - 0.48B%> — 0.5C?

FR 4 22 3+ 110 PAEL P LAV 4 B 7R o % T00) ) 97 A 5 ) 1 B FE R, BPP < 0.01RR “ =i 3%,
0.01 <P<0.05%/Rx “RE”, P>0.05K/R “ARFE", BATIP<0.013HySx BT FE K58 R 2l
SEW, ZHEEAT R RPN R, X R P ORI P > 0.05, 1 AT/ 5 R 5 SebrR
A A R IE S R ZE A o5 Ee /S, BBy SxEE A RR R R L, BRI RE R A MR EA B RER.
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K3 HENER
7 ZE SRR ST H Eoyn FfH PIH TEME
et} 106.69 9 11.85 10.06 0.0030 o
4 4.50 1 4.50 3.82 0.0916
B 3.12 1 3.12 2.65 0.1475
c 10.13 1 10.13 8.59 0.022 *
AB 12.25 1 12.25 10.39 0.0146 *
AC 0.25 1 0.25 0.21 0.6591
BC 1.421 x 10714 1 1.421 x 10714 1.206 x 10714 1.0000
A2 31.84 1 31.84 27.02 0.0013 o
B 37.89 1 37.89 32.15 0.0008 ok
e 1.05 1 1.05 0.89 0.3761
k7 8.25 7 1.18
SR 8.25 3 2.75 1.47 0.2504
aliiRE 0.000 4 0.000
R2=0.9282

*P<0.05 NEE, *P<0.0NREE, ***P<0.001Z7H5EE

3.2.3 WS TE AT
% F Design-Expert @ A5 34T 33— A4k s AR 35 (8] U B ARV 0 AR S f i 7 b T PR AN 25 T 2R I,
A A T TR, 20 % B Ok 2 B R R B (R i, 4 SR LR .

R1

B:B

BT & BRI ER 3 AR G v LT A 4 e £ I

B 1R BT A5 00 A 7 T P, s ke 1 =R 3R PR A TR 2R 0 38 LA X R R R B R T B
IR o T S 00 e O D0 66 1 32 D) 3 0ot B B R S e 8 25, o 74 B e SRR s ol T 2 BN T 2 U 26 B %
3R R BRI R B3, i AR N BR8P ) e AT 7 1 R 3R 0 58 EL AR L 5 58, v
[ JE 2 B P (R 25 A BAE 5, WHRBCR FIs2 i 2 3, [RERAPR R BAEH TS, XMHRBCR
i AN 55 2%

3.2.4 ¥

I B A BT, N T 9 A A AR R 2 R ) e A 2% 1 R A I 1] 10.0 min. K 12.5%

pHAN7.0. TEMZAET, RHERIFEICE 140 mgkg s

4 ZHiE
4.1 BRZFEIE

2 AR D R B AR R P DL T RS Ak B 2R R, ek T UM R R BRSO fE], RS T
AW E SRR LR SR AR N T VR N TS T SR B R, AR R E R
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AN SIZIG P 25 8 3 AT B 00 M FEE R R, S SE IR £ AT R R T, BE 3R T S AR BT B 4 RE SR
FARFER.
4.2 REFEEPIBIFRES

SR FH W 7 T VR TS5, AR LR I 2 RS0 A RETF BISLIR 45 R . RV AR AR IR A I RN
S0, EI AT EIR LI HOR, MR T AR AN R T S . AN SEIR I B R — R R
FALFE, EAERMIEAE 1 BN SRR G R RS 7% o SEI0 H oK T RGR SE IR 2 AR I 2R M 45 4
TERRIE, AR RG], REA KIS B8 F B
4.3 BEFFARE M

J; Fil Design-Experts #C2E#E47 5256 Bt L3R R SEIR . RO0F g, MO R H s A 388 i SE 36 Y
BIRR, WA TSR BCFRNARR—, BE . Lo, FImE, S s R Sz Ko
FET BUA AT SR AR 52 2 R R AL 8, AT DLERE 2 Va B N S e R R A T
NAE . WS EER A E, Wk RED, FEE, E5TEZRE. 2KFRE. B, e
TERNTA, RS ERIRES TE, REIRIMEG LR AFAA R, RFRFAmLivitae /. BAK
fERE 1. BIWFRE J1%%5.
4.4 RFFHEFERIRE

A% 23 AT S B0 VR R R FH ) B TR AT SEIR W, 4B S BURAMY TR B A & RS IR R AP
MIHRVERE, B4 A 2R R BTV R BB A SO0 06 A0, 98 5 252 A 43 W A0 e S 565 v R 1638 1)
B, CAOIHT B Y ARG IR A . XA — RO SR BRI AR S A L (3 O BA AT B A 3 AR v 1
Wrigtr. WA SR HANE S, FRRREF TR A R, e HER IR, it
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