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W% H,05 # 15 R COx(scCO) 3 5 6 15 IR M S 4E K A LIS Al AL R B P s B | eieti)
ARG T B AW R, K E EN FCOSH0% & 75 7 1k 7 B b B R e im K. | COJHL0 th %
FiEHITE A, K R AR RH,00F . CORF5REMAT. FEFH., FmhaFhw | #lms
MIEAE R, MR CO/HOMK % 3 A K RE sk 2 | 7= Ay 3 4% bk By 5% vy (R e 4E R i’fgfﬁ

- 3

150 1 Ak 2= Ak T Rl i o B4 R B R
AHLER, XEERN G0, S, A, Z51EE%
AU IRIR B, Rk, (I JCHE 00 3 M A 7 kv
AHBEFC S22 EEN R T2 —. 7
st AL 2A i T A R B e 66 A R AL HEHL0, H Il
CO,(scCOy), B TIIATME 2 % . COHA T,
REAR . OB . 55 T4 & 9 nT IR R S . FENG A
FBRHIE, COLRTIEAS (4 9 B o AL B A WL ¥ o ik
FEARY, QRSN L . /NIRRT R 7 o A% ot
FUEREE. scCOFEMEAL M A K v th HA L #: CO,
FTH, DL KA ML N W AT DL E T B3 — A2, FRAIR
IR, R AL B O AR, PR S R
It H COL I I 1 4 S Fe v [a) 44 43~ [A] A7 A AH B AE H,
Al H AR e B e B, O v 7 B 0 ks
fRRE. o8 . BHRRSERR AL, (BT KI5 WL N )
FEHO AR BE /DN, BRI T HAEA ALA B H Y
J% FH. SharplessiffiZH B1T-20054E 2 Hi “on water” 2 i
FIMEE, BSR4 B = AN FHL0, FEREHERE
T AR R RFLI, HoOXF 52 W A7 B S A8 i 4,
Hr=9 5 T4 5. il “on water” KW WA T4k 64
AT A AF 5% s 8 X H, 08 scCOLH I A U

4 F I8l AH B AR A

W95 B 245 Ml OO i PR ARGE P18 AR SORYS i |-
R R IFSE, FE A HCOL/H, 0k F A R R AL
TS N AR FH B k. COL FITH,OFE A HIL I H
AR S BB, B T & R B, AT
AR F P H U R, AR — 2 i
PE; SOV JG R FHscCOZE I, T 774 . HyO B At AL 5
(55 HCOH,0k R 5 T sk R, W T1%
TR AN AT A T COFEH, O i ik, TR I pHIBE IR i [
) THE M FRAK2Y, 20°C, 5 MPa CO,ifpHik |
3190 W] LR IC LR B AN R AN iR, 1 TR
X AFANR (%Y S VAN, S | S VAN ¥ S A S
LR 45 TR 8 5 s, HL O 98 Tk B ] 4 52 28 v ke
AT B R ) A B A B8 RS i CO,/H,00E
BCHTRE . COXTARTT A B3R AE LA K COL FTH,O5 [
Wy, AR A B AR 4S5 TR 278 COy/H O R ik
TN PR

1 CO/HOM ZIRNE S IR LI 55 i)

L1 PR ISR N 06 PR 55 i
Tan P 5 20 Y8 58 T COo/H,0 41 Jii H Ru/MCM-
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UL T | ORI R OR R ) IR S . A F
TN A B T, 2 R Ak i A AR A O 3
PR, X 2 F R A i & g, H O in &8 s 1oz 3 4
B TR R P g5 3, M 7EH,0H inA 3 MPa
CO,, b H38% 4 £53%. 3 MPa CO,/H,OFi ]
R BT IHER . B—H08scCO(8 MPa)i#
FIF g R, X FARPEERME, 3 MPa CO./H,OM
FIAR 2 FTH,O 9 55 AL 3R 3554 100%, {H X 36 O 3
B, HTA (43.6%)iE KT 5345 (7.1%). %t TR H
P R 4 B Y iDL, COo/HL,OfK & #110.01 mol/L % iR
R Z RS AR Y. B0 COL/H,OM R i R P vl 4 1
BN A R FR O R R 2R B T A A R A
BB, o0 IS 7 A TR B AR A B BORAR, A R TR
o R R I EUTE ). COL/HLOMK R T 5 2R 1Y
VEFMIEL. 5 —J7 i, HAG R T 4 8 - B pg B 4 20
R RN LN YN R AT X VAN 1 N TR fi$iis
AR, T A R M A Y, FEH,0H
JIA3 MPa CO,, {HMEFEAR; 7£0.01 mol/LE§FRH,O%
Wb, WA AR TR H R A HLO% M pHEY
3, A CO,m BE R X B M R AR K, 1 CO A=A
IRty e S VAN 2 R [| E= R d

Shirai%: AP HF5E T COL/H,04 it 4% F I i
e s . ff FHPA/CHEAL T, 322 7= Ry o i,
Ve >98%. COLJE 1 OB i 25 MPa, 7K s (1 i
RH46.4%1E 1 265.6%; COJE FJ4kSE1hn, 5 i s
IR G 18 B AIK. 3 MPa COo/H O 7 H iy i Ak 3 il
PEFETE50.05 mol/LE R HLO% I i 45 A 24 . 1t
B CO/H,O A Z By R 7 ] 41 ik 25 YIS A% im0 52
Shirai i 20 PSE BF5E T COo/H,O Mk 2 HPA/C AL 2
N A AR O BE R R, HoOAH Y B Ak R
(27%) % T IRH R LS R 2%). MTEH0H IA0.8
MPa CO,Ji, HEALRIEE ET70%; CO,JE 1 4k S fin
25 MPa, A ALREA A B AL, i HpH 309 R
HOE W, HiAb ik 5173%, 16 B R Mk BE A 2K 2 R
PR AL N 0B, PRI 2 T £ 5 3k 48 4 4 E 4 D,
PEFE TERIEM A, Guolfii 2 PO 5 T COL/H,O4
o O BETS R SN, 8 50% 19 2 ik TR iR H O %
W, PARuCly- = R ILE L. B COLit, Wk
F45%; CO,JE S1FHZE4 MPa, YCEFHE~100%. 2.1
VAT 1) 35 1 e I & B, Pk AR 0 7 I I K R R
A y-I% R . COL/H,OF AR B R 1T it 25 418 10F i 3
R TIN AR 7K S

1.2 VX e R PR S il

AR P IE T COM AT ARG . L BE ., IE
C. Bt B HoO HYNi/ALOS A A6 2% HYJIE i & 5 1z 1 5% il
ARG . IECkE. ST INACO, K IEINEE
PEREAR, (EXF B s B 5 ZEH O A CO,,
INETE R, EXR R S B R AR, 2R R G I
IECKETIMACO,, TE B 2k TR Eh AN F S L ¥
W, B TR R R BN SRR AIC, e SR
HUIA CO,, COL MK £ Tt iy i o 255 N 5 B0 &7 1
FEA. FEH, O IACO,, i F AL 43 BUE H,OF,
CO,REHE ITHLOHH Hh 2% F IS FTHL I Mk B, S 3500 &7
PR, FE LR R R, Wihn 3B ok R -5
Fe-TOR R, BEAE ROV R, 1-E - R RO AR
B, BB E S . RS .
IECEEH A CO,, CO,FN -2 3k e 2 i I il A
IoF B 2 R AR, ] R U A A 7 N Y
PERR, T B — HAE AR 2 AN COL N T A B ) 2L
FEHRRE:, X3 MMAR P COMMA R ZF T
J ISR . i ZEHLO R A CO,, iR M Z55 A1 iF
1 FE- AR e IR R, I ELARE 15 S0 i /K i
FUE R, SRR W B =R R R R
B, RHCRFRARC. Araiif 4] PP E CO/HL04 i
HBIESE T R F R AU B, PA/ALOs AR,
PRI, FEH0H A CO,, o fb R m AN i,
R e 1) S B 1 H 83 % 42 1 51196 %.  COL M R B iy
T PE R T COY/HLO IS S, (A A i) 2 JE R b AN
WFCO,, W& Tk M, SRR, 7
CO,/H O™, CO, MR R IE AR I 1) 28 25 H iR 26, [7)
4 e 25 R TR ORI R, 30 T i AR
JHe ) AN R g, % e i e B A v s T AR L
SEH R RS T HLO, AL AR R AL 6 M. COL AN
KRG C=NIE, Al 50 3% P FE AL, H7EH,0
A CO,, S i PRI £ &5, I3 BH T COL Y fin
AP T R AR Z P B HL M . Arailf 4] i 5%
T COo-IE & BE/H,04r [ 7 Pd/AL O AL 5 i AL 5 2
ER A SN, TETE C 4e/H,0F A3 MPa CO,, X
O B BB 24 %8 155 2293%, UL TR 1A H T
AR CHEAEHOM H A AR E FETE. (BRI O i 5% Ak
R T73%0% %56%, —J5 1 FCOMAKLIEHC=N
VEF, A FE S I PEREAR; 53— 7 T2 i T COLy
NHE R 5 T 00N, BT PR R AR
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1.3 PRI K AR B JBEAK IR o

RIRE S A J5 A ks, J5 FikC-Of Ik # fae
MELLTE AL . 4k, Chatterjees: AP+ UF 5% T CO./H,0
A0 B R/ CAEfL R Bk A A S . 7E10 MPa CO,
W, R LT 8 e AU B A O ik, BE PR
K 5198%; TEHOM, FHAb B R 15%, FE =Y}
o IR IR, R A T KR KO E R YA 2
Fist, i HAECO/H,OfK & 1, LK IX (7~12 MPa), 5%
A A CBE(100%); SRR COL s 1 Y4 2235 i &2
18 MPa, PR EEZERENEFE N ~50%, NS~ 3O
BT E~50%. COLJESMRET, FEZRMMEMEH, 2
PE IRk C-OWT K fif A= A Y, SR 5 A A B
OB, M ERT, Bl REEECO, P il BE RS K,
ISR, SFEUONE Y £, CO/H,0M M1 iR
PERE AR E K A RN, DA B8 w8 7K fige = 1 4k 82 i R
T B H bR ™4

S i A A R W A 2 R AR AR N, R
A 2. TanBfBU2H BOBIESE T COL/H,04 5t H 2K T i
() SUff SN, P/ CAfE A Ak 2R FE st i) A S g
JA1 MPa CO,, $4b R 75%42 2 ~90%; kLT
i JE S %3 MPa, IEVERA B RS, A CO,, R
PR, SEORIERRE. T HAM R 12K 2,
P DAL D PNEEL K A R AR, ITA1 MPa
I CO,, ZUSIG PE R FE 2 5 3. CO/HOE J Y iR
PEREAR K S NE, DA TTH2 i T il 52 g 1

2 scCO/H,O &P iy At A

Arai 5 41 BESE T scCOL/H,O M4 2 rh ok ¥ P
Ru JE 1 b 7 4 1k 1A B B 09 2% 8 0 &0 R0 .
scCO,/H,O P # 1 2 v 19 55 Ak 5 Fn vk #5135 =5 1
2R TH,O PR AR A 2 LA K Bk B R 8 sc CO, 3 A A &
HFIZE IR, COMMASE S THOHHL AR, =
FOHIEVEL T HA AR R . (H 2 R o8 2 IR A8
Il SEAH BT, Ak I COL R T BT 7= A B o 305 5 3
T PR BRI, (E T P R ) 32 5 0 A T AR A P
Chatterjee 5 A PV 58 T COo/H,0 1 5- % HY 3 i s
(HMF) e B & s v, {8 FHPA/CHEALT, #EATR]
IR A 2 i B R A R B (1) HMEIE T
1R LA 5 - B B -2- i Y B2 (MIFM);  (2) MEEMfF)
I I B 0 & A g 5- Y 2 -2- DY Ak TR Y B (MTHEM);
(3) INEIFWi2 BB AR 77 2,5- — Lk (4) 2,5-—
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B 56 ok IR IOk I B R A R 2,5- T HR Y Ak g
(DMTHF). i A8CHf, 7EH,0H 24 liMEM (&
#95.8%); 1E10 MPa CO,H £ A i MTHFM (i %
95.3%); 1fi1E10 MPa CO,/H,O F=F A4 i 2,5- — H 4t
W (W ~100%). i FpH 34 R HL,O78 I A 1A 771,
X} 2,5-  F B W AR 9 W03 R 4.2 %38 T 22.26.1%, 16
CO, FTH, O B Y R PE A A1) 2,5~ = F L il 1) A6 i,
HERMIF RS E R ER. MECOJE 4 mE16
MPa, HMF A 58 2 54k CO, k77 #1434 i 2 10
MPa, MTHFM Y #1157 8% % i F %20, 2,5-—
B 3 10 R 174) 38 45 1 184 0 2 100%; B CO, K ) 4k 2L 3
JNZE16 MPa, Xf2,5- — F 3 ok i i) 5% 5 14 B 2227 %,
X} DMTHF 1) 6 £ V£ 2 7 7t 5 2 ~70%. 16K X (4
MPa), 43 M241: CO,-H,4HF1H,0, HMF S A1k 5741
10 MPaf}, JE 34 : CO,-Hy#( 1J2). H,O, HMFAI
AR (R 2 DL A H R 2 WA, A iz —
AR 2 F T 5 KM= 92,5- — F BLk g %4 7% A CO,
AR, AT RN A, A A TR e,
RIS, R 2 AR K, AR TF2,5- Rk
Wi 18 R 5 iR 42 U DMTHF, ¥t W ] 5 1 hin A CO, 4
A5 SN AR ZR P ARAT Ry, DT B2 7= 1 A A

Poliakoff HAIZH“OHF5E T scCOL/H,ON JF i 4,
P PN PR 1) 3 2 U R g . R =y -1 M i 5 2 DS
FRTECO, T BE Y 25 57, SR FHCOL 28 UL %) 7= W) ik
170085, A0 I IR N # Hh iE AT < kTR R 7
scCOL/H,OfR R W I FE S I N, W J CO % B
Hy-IC R, T4 SOV R B AE HL O v, ] A BA 3
Bl scCOANE RN A HLEH, B 55
AR SN =1, BT 7= . Ho ORI AL T 9 43 55
AXFF s AR B =Y, 5 i T HLO0M MER T
scCO,H1. NP ix —[n) 5, HancuFIBeckman™!L 3%
CO, M PAZE G W A AL T [ 22 T scCOL M, M fLHL AN
O, N A I F /K B HL0,, B [ scCO,/H,OK 3.
FOTA SR TR N = ek /R R i |
scCOL I it AL TR AT AP . LeitnerifBi 2 iF
52T 1] scCOL/Ho O 28 Hh i il & FR Ik Ak 52 iz 12V A
AN BRI 44, 25 COL 48 B 45 6 Wi AL 71
i 5% T-scCOLAH, ALK P4 12 1 fin & P Ak s i
JR I B F= 4 T HL0, 5k a7 B A 43 2 B DR
fif A AL R 9 scCOL MK AR H 408 . KR Hh A A 351 3
JAKF0.1 ppm(1 ppm = 1 pg/mL), {HAELFIHR IS
G IR 5L AL R R KR COL MM I TR &
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Y AL T T scCOL M, AL 2- 20 Bk & 3K 7Y 1 iR
Mg F R B AN RN R, &0 s THO0H, I
N 5B AT 7 ) Y HL O -5 5 AT A1 A6 580 119 s C O AH 38
i (AT R A A S, SCBR T AR R B PE IR, DB ERS
WJR AR TR A 1 L R B AR BE B 1 2408 I AR 1k,
AEFFAEIT WL | 14344,

ZHA WL/, HER FH0, {H5 1 T CO,y;
Ho e F i AR A, (H5CO % . HIECO/H,0
PR AR R R AT AR I s, o] S R R HLO
ALY B H R EE, N T CO 24517 A ML K H,
ST T HO0M, (R A PR, Tumasifiig] ™!
7E scCOL/H,O 4 Z i A BH 25 - 8 FH B 2 1h1 % 14
FIE B COLM I LI ZR, - K A I 4 &
YL, TR LR R, AR 2 E SR
R, TEPE300 h™HiE T COL/HO M HH A & Ay 45
(26 h™h). 40°CH}, 4K ST 27REET MPa, KWK ZR
3L, J5 =W o B BRI A . Waiii i gl
HOYE CO/HO M FL I 1R 2 il % T R KK T, I
AR R AL 28 TR B O B & N, X T 2819
INE, AR A EI96%, A AR =9 U &
25, X TRMAINE, Rk 5092%, F8™
YRR, Bl A ke, B OB SR B
HAEACOBE. WA COMT, SN ALA B OB, Vi
TR I B 5 A AR R0 0 s B R S A B, A
TR T N 4. Waiift il 41 738 7E CO/H,O i L
TR Z il 5 T PAAN KR T, AR R AL C=C,
-NO,, C=OfJINE SN B 945 2] T34 2s 8, [
Y5 AL I AT 35 30100%. A AR 95 2048 50,
T AT B S IR, Pagi Kok 1% A7 B i 2R 4E . Lin%s
NSER B . T RALG-RENG-RA LW
[(EO)16(PO)-0(EO)10](P123) k& 11 15 P 7], ¥ ML H,0
HCOMC/WHLI, HAEFLIB AL A IR 2 PAZ
Kb, HAp bR i & B3 M (TOF, 6313 h™)Ek
W/CTHFL R SE PG K RE T 7% M (TOF, 23 h™)i
20045, HIH T C/WEHL IR AT W/CHE LR 2 AP AS T8 B S5
NAEE, FEC/WELIR Y, i vl DL & A A 2% 1 i M 7
FJZFCO A%, BN T e i Fe A, M iR sz iz
A MIFEW/CTLFLIR P, R AN & A 7 2 1 1 2 51
Fo)2, WAL, JF BAE /WL H PafifLFrig
PN A L P, I TR SM A HLE R R Pd
AR R A E B W A&, BT ECW
FLG 5 — 20 A W A S B B FE R seCO,

H, B T 2D I E A A SR

3 COyHOfkFZH o T-RIAH T

AL COL/H, O B AH ¥ A R N3 71
AL AL RS FE R A0 . 1] X -SARAE SER Y
IS R, 5, PANI/ALOs WAL RIS T il
HIHEIEH,0, CO,, CO,/H,0, CO,/ZIEEFICOL/IFEC i
& Z RN S N LY. CO/HL O YIS MEA T H:
ik R, Jf H IR WS BT 100%, A a4k
A 2. — 7T, HyOF b (] A4 358 ¥ e 1) 43 18] 4
HAEHI(OH--- OFIOH --- NEEAE ), fE it T R FLFR e
RN, AR TSR, 5 —J i, CO,
FIVRY FEZE A -N Oy, H ] 47 A 3 25 A9 -N O L K i)
R SE R MG AR B 2 F R AE A AR, ik T
SR B &, A E T Hp ()44 ST A 3 8 R R 3 6 e
N, MIMTTEH,0/C O, 2 i (1 4 5 M 7T 3k
100%"*%), COL R FE A 4 43 18 A1 E A F REAK T il
FIAEWINE G, (HCO, AT Kk NBA I HAEH,0H
A —E AR, W4 = H, OFH 1 Ho FINB A vk B
PTG M JF HLH, ORI Al 36 2K %) & B A B A
(OH--- ONO##AE ), ik T-NO,; CO,FH,O i
PR P X 3 P A o A s B R VR T R E COo/HL0
1A 22 v R RN SR I ) PR R PR A B T
FHE R, SUREN IR BN A COy/H O R AL T 5
— [ H,OB CO MK 2211, NS Ak ) B A 84 1 15
FPeRerE, BIEAimaete. AR IS T 200
FMA & (H,0, CO,, CO,/H,0, TEC%E, 1FC%E/H,0,
ZBER % -H,0) H Pt/CFIPd/C A Ak 41 A% il 3k 2R
(0-CNB)MI A S . COo/H O & rf JIi S Rl 7= A
HoAl AR R >, SRS AC TR R T 3599 % L) |
0-CNBHIA S 1 8 Z7E COL/H, O A I K & rh 1y
& T — B H,08,CO, T i 45 5. 35°CH}, CO,/H,Ofk
ABCOMRFR H, BECO,E ST, o-CNBRARFE
B, 79 MPabf & BIEIK B K, 7EscCOLK R,
0-CNBSE 2 il T scCO M TE E 1 J1 & 12.3 MPa,
{A1ECO/H,OK 2 11 0-CNB5E 4 5 i 5] sc COL M 1 JE
J17£17.4 MPa, ¥t H,0H0-CNB4) T 8] 17 1E S A
M, FERETE ZCO ML TR T scCOH.
TECOL/H,OfK R CO, MK F v, PUCFIPA/CHIZ LT
0-CNBAHH, 8T 24K R T CO M R 1 8 B A —
b, W9 MPafh bRk Bl KAH. COLM A $2
VAR R P HL s B, BRI g, A% il 5
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B, 2MCO,JE J1ikF]9 MPalhf, o-CNBAR AR TR K15
Pk, WMFEZENT, R RRA R K. COJE
TR TL i, T COMFBEAEM, FEALFIRAL. M
i FANI/TiO 4L 7, CO/H,O Z i K i Ak R %t i
JE 71213 MPa, i 7E COL A F fi K6 A 3% 1 e
99 MPa"!. i 2 i FAECO,/H, O ZNi/TiO, 73 B TE
H,OH, 75 % 2 1) COL il H,OAH H Hy Fllo-CNB ¥ £
KB R R, Pl 24 & & COL M R T 8500 AT AN
— . LA, PUCHEALTITECOYH, O R Hrfa e 14
4f, AT O

4  COYHOfk ZrmA AL i Pk

CO,7E &4l H ml RE ™= A S i I CO, ik £ 1%
BN IE AL, MR & W Bk, Tkariya B
A2 5 s CO, H PYCHHE A A1 - S8 AR il 3 4% i &R
BB A ) A CO T 3 456 25 Ak o &0 I8 5035 1 46
AT i SIS e O e B . YoshidaZs A PFST T
CO./H,O 1k & H1 Pd/AL O, A 2K B (1) & e, 7
H,0, CO,LL X CO,/H,0 3K R b3 0%, H
CO,/H,Ok Z H L 5] 2 1 Fb B — I H,0 8k CO,H
FUE. —J7 I, EH,OH PV K S EURAL TS,
A COLJE B R P AR 2 s T PARY 2 o5 — i,
COL7E &R B R 7= A COMY FfE 7 A Ak 70 il Fe g, 3K
1l COL/H,O A 28 Ak 5] 2% 3 o 7™ 8. A I A2 Y
Y T COo/H,OM Z 1 Au/TiO f Ak AB- S0 A hil B 4
SN, COYH,OF MR FscCO,, AL TH,0. 7£
scCO, T AW/TIO 7%, JINACOBE NN T A o HL A %
fif JE (IERLN ), [HTE B iR 6 29 it . CO M Hi4A Ak
BAu(FAEN), FEEFRIE. HOM A 1E 2 H] 55
CO A Y TARNE, [ COLH,OH AL 2% 17 D8 22 .

PR I5 A5 AL & W 2 i, A B0A% Jin & 24 2 41
Ak, T A58 T B Y S 0. Handfeii 41 SS9 T COL/HL0
W REBR R N . 415°CHE, 1ES5 MPa CO./H,O1k &+

%25 3k

A 5 H NiFe L & HZSM-5 15 Fl4R Ak 70 46 Ak 800 &4k
IR R WA (31%) e T T8 ¥ ) (8%) B H — (1)
COy(~13%) 5 H,0(23%) %5 7. Wi 2 42 155 1 1T fig it [A]
9 (1) CO/H O RTEMEA R R 1H 7~ E T ZHT, B
A FF B S 247 (2) HZSM-57ECO,/H,Ofk
F R e SI/ATECAE 1S i, HZSM-5 () R 14 38
A FF B A0 247 (3) HZSM-57ECO,/H,Ofk
A PLEBASLAR R, AR TR =y
O CHEIROR IR L. ZRAE I R, 38 5 Bl
PR Y & R AL A ) W I AE HZSM-5 14 1R 1 137 5 2 A 4k
AT HEREAL. CO/H O R 1, HO] LA FIHZSM-51)
% 5 Wi R Pk AR i A% Ry A TR RR P62 ; COL N
H,O¥ Bt i vl LA LS JAb &4, i 1 m
AR PED,

5 gy

scCOLHITH, O Ay 43 (5 5 5 16 A Ak B2 137 0 b Ak
FL SR R 5 2 0 I e, RIS T — 25
BT PE BT AL . 75 COL T 77 7 8725 2 7 1A 2 A
A, BRSh J2A20E, REY O R BT R, e
SR TR I IR AS =W A eAh, COL R by
S5 %7 T 6 A S 7 A 2 4 T AR R P, RO T 5 o
FEREEE R R B A A . (EH,05 5 AL
TR, HyOFN S 4531 (8] A7 A S AR B AE T,
2 2 IR DR HE AT . CO/HLOME F Ak 2 B2 FH Ak
SRR AT 1 CO, R HL0 4 11 10 55 5 R 34
COLH,O 4 {2,V FI 1k 2 A8 A5 HLA AT L A 2 (1
W 5% O A RN N T 5, AR A 0 &0 s 2 4 LA
THRF RS IE R RIS P A A T
R, WA | A AL L U R R
SRR N 5. Tt L, RS F 67 5000 I 1 4 1 1Y
1 A 14 55 925 790 19 6 LU i B2 ML B A AL o)
5.
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Characteristics of CO,/H,0 green solvent systems and their functions
playing in the catalytic hydrogenation

CHENG HaiYang'? & ZHAO FengYu'?

! State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences,
Changchun 130022, China;

% Key Laboratory of Green Chemistry and Process of Jilin Province, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences,
Changchun 130022, China

A large amount of volatile organic solvents often be used in traditional chemical process. These solvents are flammable, explosive and
toxic, and the use of these solvents often causes the pollution and the waste of resources. Therefore, the use of non-toxic solvents to
replace of volatile organic solvents has become an important research issue in green chemistry. Supercritical CO, (scCO,) and water
are cheap, non-toxic and incombustible, can be used as green solvents to replace traditional toxic and volatile organic solvents in the
catalytic organic synthesis reaction. scCO, has a characteristic feature that is tunable chem-physical properties, which is
incomparable by the conventional organic solvents. For example, its viscosity, density, coefficient of mass and heat transfer,
dielectric constant can be adjusted by altering pressure or temperature slightly near the supercritical point. An advantage or merit of
CO, solvent presenting in the catalytic hydrogenation is that H, and organic substrates could dissolve into the scCO, to form a
homogeneous phase, or the CO, carrying H, dissolve into the organic substrates to form an expansive phase, resulting in an increase of
H, concentration in the reaction systems. Thus, the properties of the reaction solution were changed, such as reducing kinetic viscosity,
improving mass transfer and diffusion rate, thereby the hydrogenation reaction rate is improved. Moreover, the interaction between
CO,, substrate and intermediates could adjust reaction pathways and so to improve the selectivity of the target product. The participant
of water and/or the hydrogen bonding between H,O with the substrate molecules could accelerate reaction rate. Therefore, for the
catalytic hydrogenation reaction, the combination of CO, and H,O not only shows each own advantages, but also present their
combining merits. Such as, the molecular interaction between CO, or H,O with the functional groups of reactant, higher H,
concentration in the reaction system, and the acidity of the CO,/H,O system, etc. which will improve the reaction rate and product
selectivity. Herein, we will review the characteristics of the CO,/H,O green solvent systems and their promoting functions played in
the catalytic hydrogenation. The roles of CO, and H,O in affecting the reaction rate and product selectivity was revealed from the
characteristics of the CO,/H,O systems and the molecular interactions among H,O, CO, and reactant, intermediate or product
molecules.

COy/H,O0 systems, catalytic hydrogenation, acidity, phase behavior, molecular interaction
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