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Introduction of the Concept of Greenness into Instrumental Analysis
Course

Hongyi Zhang "2, Junyao He ', Zhihong Shi 2
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Abstract: In order to fulfill organic combination of professional goal and moral goal from the course of instrumental
analysis and student education, and unification of green analytical chemistry from discipline concept and the social
responsibility of green development, greenness the evaluation index for describing the greening of analytical methods
was introduced into our instrumental analysis course. Firstly, the development of green chemistry, green analytical
chemistry and green liquid chromatography was briefly covered. Secondly, various methods for quantitative expression
of greenness were presented, and the two methods of HPLC-EAT and CHEMS-1 were emphasized, involving their
usages, scope of application and limitations. Finally, the two methods were employed for calculating the greenness
values of the liquid chromatography methods selected from literatures, and the correlation analysis between the
calculation results from the two methods were done. It was shown that the data from the two methods were not the
same, but their correlation was good. Both HPLC-EAT and CHEMS-1were capable of measuring greenness of liquid
chromatography, and the two methods were easy for students to grasp. We would like to recommend that the concept
of greenness and together with the two methods for calculating greenness should be adopted in instrumental analysis
textbooks in the future.
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WKL MR REBUZ. B RAERBIRSE . B I AR R, I S AN 2 5
TR A PP PR AR SE 2 BB AL T WL, Biltun, DA H PRoks s B ORN H a)A 5 R OV SR R AL 7 M7 T V5 FA R
s DA S ZR USRS 73 M7 T ik e B2 o IR B8 T REVE PRAN FE bR RO Ut Bl 1 AT E R R A
SLSERRE . HEREE. R TT.

ML RBEAE SO 2B, St A0 S DI 2 G (1 D OVA5 B kS, X a0 T VG U
AL IRA DhREVE PN Fa b A B At L, SCHEIN 1 SR B B B PPN 4R AR Y. SR T ILAE 1 73 B 4k 22 bt rh ik
BASOERMS . 28R BE R AR 2 TAR B R EAL, St fh s AR NAE 7 Hr i
FHEMPGIERIL. vk, BATZKEELCER IR R g i, ekt triess, sl
O ERAT 1A, IFIIN T RO Gl o (R AT € BN T . O T SR H
FAT R SR O RS A AL, ihax M R R BE N . HENRE, P82 A CRORIIAL 22 TAR
FVERMEH, FPR AL 28 KEK .

2 ZEFIIANBUSE I RER DR

T LR LA 32 B R0 SR 60 B T E S P R 5 BN B A TR (FE S 15, fE L 4y
M43 o 24 S AT YRIA o

B, RSO S NBIE T IR FE TP R . B SRR G T kAR SR AR DGR B R
J 2R o3 AT A 52 0 00 B AT B, SRIA SR L AT 2R A S R OR R R o A S S R R R A i —
EJQ

B0, MBSO G2 SE G G0 1 R BRIk S, F IR IE IR SCR itk
WNEE— 2],

F=OP, MFEARM A e EMaE T IE ROR A AR RS B 2 wfEE e AN o] DU
TREEEW? T RN LRI Z R, PR A, DL 2 BT 5 15 I R iR 2
RMEMRE . KB ARG H RS, R TE S (b S0 R R X A D7 ik AT & T AP A & — R
SWERE. Bk, EF&ERMTFRGOEN I NEEARZ . SEEF RNV, (Caefefte i
IV 45 5, H R /R 3R 4 1 /& National Environmental Methods Index (NEMI) 21, X Fh 7 yEFH %
PR EERAESR B, DU R 7 SRR 2 M 7 6 Bt Vs R R = A2 IR IO /M i . 1) PBT GRARFRFA
PEL VBRI, 2) fEFEME; 3) EMtkeH> 128pH <2); 4) EYIKARSEEGRE AT
50 mLEL50 g). NEMI 60T LA E 45 B S Mt TiE s B E R EE, AEETE R EMW . (HIXFh T
HER IR O R e VIR, ARG R BN E RS R 0B &M T BT, K
R 22 3 ) ARG 32 ) e S5 24 0 A ST AR €8 2 AT U7 v, SCHRUM T FINEMIT 14 DL PR L 1) 5 SR E W B o
TAFR T FENGERE . AER—AEMERE, FRATT 55 22 A AT SCHRU A%, d o STk 1 T
FRACEE H 2 2 H R TR (100 2 7 1k (FRARE E dm M 1 SRS N 2%), I FINEMIT 25 A FR B 5 SR b A AT
SIS AR SRR T VA SR B o CERT AT SR 60 B PR IO 2R b, IR ESR I T R EB EE E E
P TT I

FVUL, PHAHPLC-EAT [BIFICHEMS-1 ML A B, DL &K HPLC-EATHR A1) 2225 548 H

$EHP, NT%4I{EFHHPLC-EATRICHEMS-17%, & %ci8 Gt g S 1F A i — 25 oM
SIS ISCISCHR s ARG 51 5 22 AR PROs 4% 21 STk A DG Bk LB AH AL A L) T (5 S, FF
X e B IR R hs DTS 51 s feJa, B IRR 56 2 B SRR s 7 vk M 2R (B

FNW, X R IE SR BETH A AT LA A AT

3 HZBEIFIARENEX
RIEG O T LM R M A 23Tt ST sei =M Lte, S iribscie =4
NIRRT, BIA 2 S ER OB B EOR R ks . ik, FATE STk AL
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P SR AUE B I P SRR R 1 . BT A, SRS AT R — A R IR TR S &Y, A b A L
VDB 1920%, T 5 A LA S H0T 80% Y 1y 3 mi B AR AN R o 470 g 5 ks 2 SR FH YBUAH € 3% 30 AT 29 B U5,
FH 3L ] L VA €3 £ €3 oy A b i S A A E A o AR, WU s AT R R R R AR E
AL R - AR WelchZ8E N NGRS, — S P& T 4% 58 R (i A: AE G iU (L (X s B R 220
FEAR LM R . I SR B At G 1370 G WAH i ORI B, T84 4t SRR A RV (i 32
1T 2 /D34 x 107 LI R

RIS O TAERF S IRIE R R B S . e ORI NBUXES A iR, ARk R
BEWHR, ERAe—ERE LERES Hir, LML HRESE ANEFAaIE 5. FAAE20024
Science ' L5 F) 3¢ “Green Chemistry: Science and Politics of Change”, XJ&t AL TS T 1 =5
g . OB PO 7T, 2ROy SR 220 7T BB AN 2T 2 — . TR
M RRR RS “AF. Wil g, 8. L7 )h, “G67 REMNES HAHEEAL, il
SRS CHRKE R R SRR E T, R AT ER 2  SCEAR R A
FER ) o

4 ZEFRIFMEN ITIE

22 TURCEEUSIGE 23 tiAk 23 I U ) R FEHEAT T 2508 o AR Sk b 98020 BT ik A 2775 G 2 % i Ak 2 1) B2
R8T ER A 2 SN R A 2 IR IR G 1R R . 1 Anastas®E7E 19984F 2 Y 12 5% 23 o 4k 2 J5U U A
K, AnastasZ& AN fIWinterton X MFEAR . S5 AR EA B H R, o alfEt 17 BoM2s&kaaiiz i x
JROT, SRR, SRR G BT A S OIS AR IS DO R L TARRCR R . B4 —A
R R S O JE R R BEA RE R W ? & SR 2H €M, Flun, 58 E O 85T Fzg F Green
ProfileXf 55 40 M7 J7 VAT SR (A 2 0P, AR IX P 7 ik R RESEIF € B VPN 1), Eissenss A4t T H
FTHVLE A BT L H (Environmental Assessment Tool for Organic Syntheses, EATOS) 291, #z R
SREATTA AP AN €8 1 4 € SR AE (1 77 %5: HPLC-EAT USIAN et () CHEMS-1 141,
41 HPLC-EAT

HPLC-EAT 31/ — 3K b Fi St [ 48 K 27 Gaber [ AT & (1 6 2 IR A, A A0 48 B 350 P A
LRI A X 3 b 2 S . A A FR R I EAT & A58 AT T B 195 3L 45 5 (Environmental Assessment
Tool). 1Z 3K IE I 5t 5 % FE UM il VA ST R BEE | (i BEHAN 22 45 SR SR S8 7 vk 4 0 FE F VA o
EATHJ S BT

HPLC-EAT = Sim + Himy + Eymy + Somy + Homy + Eymp + ... + Somy, + Homy, + Eamy, (1)

N AR B R T VS A9 5 mGRS BRI BT E: S. HMEZ jlje 24 fd R
TAEEER T, BT E TKoller®: N\ BT FIEHSAR2, HPLC-EAT J5 7% R %t Ff BT A . AR
TR R PR I AR 7 AT € VY . B U A A . BRI T 3R TR A A
BLE R X TRTACSEP IR G BRI EEMEHEMNE: TR SEEEN T X, &2
ANV R TR A AT I [A) S5 S IR H0 s . 0 TR (i i FE e i 77 20, 7% B S R FEAR 7 A
IEAT I AV S5 HE o 1847 45 SR nT s HOIR B A0 R 1) R R I H Ok o HPLC-EATE 8 I 6 7R 77 v
R, R, HAEBEWFRRITERSOERZE. A T mIEA PSR, 2R AEE1EN
WAL BB (Al M AR 2 ph S S I E . HANS 2 0ok Ab 3
4.2 HH#HICHEMSA1

CHEMS- 1154 52 i Swanson®§ NI 19974- 52 1, EZH T Tl A2 i i RS v- A S S
TP B SRR BRI A DG I e T B 2 AN R A OGS EUE 2 AN e A -

tHV = (HVorar + HVina + HVcar + HVHE + HVEA + HVEc) x (HVBop + HVayD + HVECE) 2)

AP tHV N SEFEE ; HVorar N REFVE G EE ; HVink WA FF 4 1G FAH s HV ear N EUE MG E 18
HVue N H A G FH N AE s HVea AKAE SN 2PE B G FAH s HVec AR A S0 18 1 28 1 fa 5 E
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HVeoo WA EMERE I ZH: HVav NKIRESE: HVece NAEMIRAESH. VRN PTG IO 2 B2 A A 36
B BRI A TS M L BRI (MSDS), I 288 H AL AU AR DU R AR B

&> EAT HPLC - Environment Assessment Tool o= =
- - L 3
| Fite Data Compute View About
4] HPLC Method and Solvents used ]
i i

Sample PreTreatment Mobile Phase A Mobile Phase B HPLC Gradient Prg

Constituent (%)

Sotvant 4 |Acetone > 100
None -

lAcetone -
olv 0.00
Solveat2 Acetonitrile

IChioroform
Solvent 3 Dichloromethane 0.00
Ethanol

Ethyl acetate
Hexane (n) -

E1 HPLC-EAT®HHERT

N T K CHEMS- 182 B T PR 70 A A 52 S 58 S ¥ 57, 201 54F Tobiszewski%s N MI7E i A B0 1
HOER A BT T A SO (— RN T RS EH Vo, RN fEFE R FSEEE, KHif
B TRER ), R T A A EEeHY, BATEW T

taHV = (HVoraL + HVing + HVear + HVEE + HVEa + HVEc) x (HVBop + HVayp + HVeer + HVvor) (3)
KHFHVvoL AERESE, HMEHVvoL & 8 —Fp 77 R AA -

HVvor=3-0.01 x BP (i 5{H), 2450 °C < BP <200 °C 4)
HVvoL=1, 34BP>200°C (5)
HVvoL=2.5, BP <50 °C (6)

N TR SRAL ] Beisk ) CHEMS- TR B it — 8 (1 580, K TH 5 L0 B 20 A S5 vh v T A BILIA 771
FItHV fltaHV ] F %1,

AR EFEpHVE I B Hrid FE R fa ES 7, R

pHV = vtaHV; + vtaHV, + ... + vtaHV, (7

AP vtaHV Rom 55 UM R taHV (PR T3R5 5 AR AR (mL) IR AR vtaH Vo9 2 274 71
FtaHV (F] N1 3545) 5 HH A (mL) IR viaHV, A S nFE FItaHY (AT R 1R 5
FOH AR (mL) 3R . pHVE R MUK E LA RS GO . pHVARBOCE FE ) 4%t fE 0,
S 2Z o

5 WG ERALTENEH
5.1 R8N B SEIe K JLAS 24

N 7B LR PR IEAT e R R, AWOSCRR AR B IE#E 1 N NBOR Eil se e, REA1s)
AT NIV IR RS R WA VAR B BRI . 24T A DL K 253
B 5 55 RO T3R2. N TIERILUR = H I, AR SCMSCICHR AR R B 1 /8 A0 Gl s 5
2 IREATHT DL SO AR AT G SE G 5k, RN TIA B NI =5 H AR, EHU i
SR TTEBE R KT 6. B, WAEASEETEREE, FTEEREACRGEE TR
TSI B, WA RINE S I B E AR RN ZE 5, B AR S T IR R
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7 E AR PR T R =, RE I ST iR B AR BN ZE 5, (eI
PR Xk VRO € 3 5 vk 2 €0 R Py 008 e e A T 10, S L S ) o A 2 ) 0 38 001 W) A7 WD 2 ) 2 1

FASRAE, i CAUE P A 7 iR AR 38 s 2 (B RN T TR LA R S5 B ROR

1 EARFK A EEGCHVY)F R4 & E A (taH V) 14

Bl R/ CAS tHV taHV
JE ¥ )5 (Pentane) 109-66-0 23.4 36.4
L)t (Hexane) 110-54-3 53.8 81.4
¥ i (Cyclohexane) 110-82-7 57.9 79.8
i J5t(Heptane) 142-82-5 15.2 20.9
53 % (Isooctane) 540-84-1 57.1 79.2
“%(Benzene) 71-43-2 84 122
Ffl %% (Toluene) 108-88-3 439 60.5
— FI % (Xylenes) 1330-20-7 51.5 68.2
g2 Ff i (Methanol) 67-56-1 8.8 15.7
7.1 (Ethanol) 64-17-5 4.1 72
5% A % (Isopropanol) 67-63-0 3.9 6.8
PifE (Heptanol) 111-70-6 229 28.6
3 I (Octanol) 111-87-5 383 45.7
/% (Nonanol) 143-08-8 39.8 46.7
2K F % (Benzyl alcohol) 100-51-6 452 55.1
fik 2 Z.Tik(Diethyl ether) 60-29-7 8.7 16
Methyl tert-butyl ether 1634-04-4 2.7 3.8
JU &K N (Tetrahydrofuran) 109-99-9 9.1 14.9
2% Y (Furfural) 98-08-1 47.7 69.2
2 Fi % (Benzaldehyde) 100-52-7 56.9 71.5
il 2t A il (Acetone) 67-64-1 1.5 2.6
HHLERSS F R (Formic acid) 64-18-6 25.8 43
LR (Acetic acid) 64-19-7 1.3 2.1
74 % (Propionic acid) 79-19-4 27 41.2
fig 2k T ¢ T (Ethyl acetate) 141-78-6 5 7.3
HAEZ & F J5¢(Dichloromethane) 75-09-2 39.3 59.8
4 1/i (Chloroform) 67-66-3 70.7 103.8
JU &1k 5% (Carbon tetrachloride) 56-23-5 80 109.7
=& )% (Trichloroethylene) 79-01-6 90.9 125.1
VU & Z.¥% (Tetrachloroethylene) 127-18-4 82.7 107.7
1.1.1-=% Z %¢(1.1.1-Trichloroethane) 71-55-6 34.7 49
1.1.2.2-PY 45 £.%%(1.1.2.2-Tetrachloroethane) 79-34-5 76.9 97.3
4% (Chlorobenzene) 108-90-7 58 75.9
HoA 37 Z.Ji%(Acetonitrile) 75-05-8 18.8 26.8
AL B (Carbon disulphide) 75-15-0 61.6 89.6
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K2 ARG SEE T KRR BEEE . REMIZATH

TRBAR ) 2 RN 3 A T/ BATRE, &% ESuNiy
i) 6 B /IR
(5 WONTEAE AR, mL) (mL-min™") min XHA  HPLC-EAT¥:  CHEMS-13#
I K(18.16) 2.J5(13.84) 3 0.8 40 [24] 49.5 370.9
11 K(9) 2G5 1 1.5 40 [25] 182.4 1366
I ZEHK(9.67) 2.J15(14.09) 5 0.72 33 [26] 96.2 951.7
v R KR (14.7) 2. f5(13.3) 7 1.0 28 [27] 47.6 365.4
\Y% K(7.54) I 3(42.06) 6 0.8 62 [28] 88.9 660.3
A% 7K(3.36) H(20.24) 5 0.8-1.0 29 [29] 4238 317.8

5.2 WHEELRKNEE

21155 J5 P 5 NHPLC-EAT MICHEMS- 1 Fl 7 VA TH R AT AR 4R (5 . gl \BUE B kAT b,
PR 7T E B R 0 2 0 FE BB AR AR RO 1) 22 S ik, (R R M e 1 H 4 R A g & F
HPLC-EATA 13 B (5 R B, XF B % CHEMS- 174153 B8 K AUE ; 2 IRk 2R R 5 M 9%
PR EZIEYE, AR AR N CHEMS- 1751 S I SR (0 B {8, AR AHPLC-EATYE TH 5 I 4% (0 B M
LRMETTRE Ny = (1.315 £ 10.83) + (0.1236 + 0.01403)x, 2= 0.9508, FMWH TEiTHE B KGO ER
BT PR O

200

160 -

HPLC-EAT
N
o

[
o
T

40}

200 400 600 800 1000 1200 1400
CHEMS-1

B2 B EHPLC-EATHICHEMS-1)5% 68 B 1 B 45 B AH 5 4

HPLC-EAT%¢ 8 B ) vH B2 il B R 5 . 1s AT I R 75 ZR I B A A Rl o P 2 17 A
S BN BB st v S N ISR O RV . X RO VE B A TR R R R s, (E
DRI 3 A 7 v 28 LA Ve R VRORH 0t T VR S L BE VAN P R, TR B RS R R A 138 AR, &
B &5 & F . Ol GROTE. Okt Fhi. A, BB, TRER96%. HUT HEH JEEE. U
SRR . WA e TR AL RIE R 2 AN AR A, X RO ESA R T AR T .

Uk ) CHEMS - LIEN A 23 #r 5 ik 2 B R (v B, SBr bRl i =0(7) 1k S0 72 6 3 fE pH V R 58 B
o pHV & VE I viaH VAT B, 10 vtaH VAR A& B & R 1345 taH V5 B i FE 2 AR R 2 FR
MRS . taH V& 7E S0k JR 46 1 CHEMS- 175 tH VA B 1M HH TobiszewskiZs A4 HUF, BAKTHSE L
K3). RIFIH T L% HIE A KtaHVAHVESE, FTUEERATTEMLEH. ¥ TRIPEAFEE
w7, taEdRG)ETHHE. Bk, SR CHEMS- 1R EE(pHVE, fFESRF5)
TRE, AEAZ T VA 75 22 ] e v 0 FE B BRI (R 28 T 8, 40— 2 R I tH V fltaHV 51 F
F1), HESZRE ARG E AT PLST AR B R Ak e BE AT S, AT TR
AL BRI R () S (B B
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6 SEFERFAEAIES TP SFIEA

SR 0 BB T AT 8 L s AT 7 S g 6o 1) (i i T E R A IR S S . (1) B
A BT et B LA Rk £ . 7R R/ 2B IR Fh S €0 B vH B vk R, SR AR vH B IR S 6 B 1 0 A
A Ul U SR B RO, BRZE B R B I SR o XM R T AR ) A AR KR %) % BRI s T T AL (9 G
HPLC-EAT: /224y fif BRANIAEG =M1 2 276 18) 5 % R B KSR Jm B R A BRI, AT
ST T IR RV B U7V, MR AT RRak R T SE AR AR B, MR R DERIRE., &
P R0 P B PR ta H VAR 730 53l A 15,7« 7.2F02.6, i R Tt SR o i A\ S €6 55 14 A B LR K, TR R 2 T LI 20 A
BT AT B, X WAG A2 T R ek (A i i R i — AN 5 It (2) 98/b 43 AT e TE) RN B AR
JBE TR R P B o % B0 B R T e AR A T ) ) R 0T R SR SR AR SR AR . R B AR T AR
At E AR T EEEM . AT FRIRSERE R A A, 5B AT R R IAE R R R R IR,
UHPLC (ultra high performance liquid chromatography) CLHF UG8 2, B AN AT DA 25 46 5 it
SRATISEIR), T LIRS AH 0 A A% ZEHPLCA0.8-1.2 mL-min~ "9/ #0.3-0.6 mL-min~', Mfi &3
B T A NLIE S E, UHPLCK & BN SR (U (3l 7 v R R i) — BB AR EN, (3) RAE
ISR PIRE A BT AL FE 7V . HATATIR, 1% & 6 F 11 I BRI R A8 F B8 b B LI R, Skt
ST EESR o T B AR I S AT A A TR B AT AL P IR . AEAR SRR AT AL 3
A KRERAIER, XMBEATTE O ER. ik, EFRRE T 265k
3 Ak 2= L3R B 5 SRR € 1% 23 AT AFE SR ET BLURE A AT AR BEOR O, . PR RZERL . 4B
T-RE A 2 WA 2 B - R IS, R IR b B 3 72 R A WLV R0 ) Y R AR 7 VR LT
mLPECE] LA pL. XA AR R R AE R, A I ORIE T S OO G 2 i i Pk & e

7 4B

AT 2R AN G0 B 1) 8 B 1T 57 1 (HPLC-EAT A3 O CHEM-1) 5 N B “ A% 28 70 477
RAR IRVBRE B o AR o b, SR O RE I K/ IN R 3R 3 P R S A 00 7 ) 7 25 pE I — AN
VRN FEAR, ERRA T AT TR RIS B R R R A B AL BT AE, SRESERSIANE BT A
BNV RFE B R R AR 0 R R E B . T A AT S 7 B T AR R I E 2 R A )
(Green Chemistry Ecotoxicology and Environmental Safety), TF5H 77155 T 348, AT IRFERY
0T BB RNR e SIS B RN, ARSI, MIREREERRLE, WE TR
UFMBCEEROR, IR B T AR E R L B AN H 1.

SR EHHEAR TS, iR R AR SR T R B O, Rl R ES
AR L B, AMEEMERE T E  ERIES T RS aEREE, 7TLhs A
CHEMS-1EFHE 4 A )E . X FNEMIFTHPLC-EATVERAE A&t 5, R 21/3 /) [F) 2 ) it 1A
k. REHPLC-EAT — 3% 9 I LE, U DI 448 P #sth bt B = et 4h 224, Bl T
AR PO 3 1) R ST, A K 2R K B AR G AR X 5 A S N R I AT A — S B S fE A, A D
F AR RS 25, A RABMFASEERT T 53R 22300584 R I %% T HPLC-EATH
fF, AR T3 R AR Javal R 84T« AU JavailiAR S 22 A 1T E L win 10 R 4t 2 (]
AR s, SERMARIERIZLT, AL LR ERE TG, Mg 7. X
& HEJEHPLC-EATIA T A (L i 2 AR 20 5 A HE N BHI1/3. Ht s Bk R W, AH L T HPLC-EATVA M
NEMI:, CHEMS-1VEH 5 T2 548 .

z % X W
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