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Fig, 3 FH 3 F BUR% £% B A 9 1 4 4k 770 AT DLAE
100 °C DA b i B R I8 B 1 i 58 A S be i Bk
Wu Z5220 %2 I FH TG 4 J v 0 R SURZ A AL
FIFI KOH 2H B IR AL AR R 7E 110 °CTF T H 2K
SR 24 h, BT DLKE SRR R PR S TR 56 4 e AL R ER
AN b . 2022 4F, AUPREEZHPUE H SalenCr(111)
CI/WL = 2R H TF 5 5 B U0 T i (PPNIN) (AL 44 R
TE TGV 7 260 ¥ 2 MR 2R R CO, 2k JE B IR i
fif SRR AR AR N SR T R, AR R R R ER A
O ) Bis (PCHO) it 2% 3% B H AR 572 1 e I 3 2
A7) 67 %5 B AV 0.1 mol% ), %% 4k 451 3 (TOF)
AJIA 3000 h!. Williams Z5£2425{ifi Ff — 2 371 3 XU A%
Mg(ID)M(I) ff A 75 (3 7 M(IT) 2 Mg, Mn. Fe.
Co~ Niv CuBlZn)fEfk 1 CO, 5 Z M Lk
SEIR T A5 i AR SR A R T PR A B S B, R IR S
B4 J& Mg(IDCo(ID fiE AL I £E 140 °C AL 57
1 # & 0.02 mol% [ 2% 11 T fi# %€ PCHC, TOF ik
25700 ht.

SR, CO, FE SR B BRI 1Y) M SR I AFAE — 2 i)
R, USRI ZE . LA R A R
K, O MEAFIREE RS . R, el B
AT AR S Bt AR . SEE CO, &
SRR 6 P 1oy 25 3 A o 5 2 A A o A5 g 1 1 )
R AT AR E 1 B 5 43 B ER R R & ) AN
WUIRZH R A AR RTE SR O BRI 264 T
4L PCHC fi# 58 CHO. i@ i % i IkER e & 4 1)
GER I S, A RO R T S
PE, SCPL T PCHC Rk B .

1 SEIGERSy

1.1 EEERNEE

DUZEIERRIR . 5,10,15,20-PU (T 50 FE) ik L
ORI L HEFEAE(ELAICT, 1 mol/L in
hexane). — £ %5 (Et;Al, 1 mol/L in hexane).
cis-1,2-A . % . trans-1,2- . _E. =24 %
(extra dry)s DY PFKIF(extra dry)s 5 F i (extra
dry). 1,5,7- =% 3 [4.4.01%-5-}%(TBD). 7-
HJE-1,5,7- =% 2% — ¥£[4.4.0] %2 -5- )% (MTBD).
1,8- B8R 3 [5.4.0] +—8%-7-1% (DBU) M K &
I H BE(PEGS00), 3906 T 22 it A 2 )
AF], FHERRAEET TCURA AR, Ak
S5 RIS R ) R T A AR R I R A A 2k 7
J7o LA B2 AR B A A . R 5 B PCHC

FHH T RS0 IR A R, i ars &
Jot./ F g EE 4 R AL B

MRS NMR)MR: X #5445 AVANCE
11 500 A1 Avance 11 400 (7 E A5 & 50 A ), 7
NIARET (CDCly)y AR H 2K (Tol-dg) BT AR —
FH L F AR (DMSO-dp).

W 15 35 (0,15 72 (GPC): X %8 B 5 Agilent
1260 (& H ZHER R AR, Fric G449 PL-
GPC 220 /&yt th i, B2 B 3R 2R M b 1B
FE, 1E35 °C M A PYEMAE LA 1.00 mL/min
TG

5 Bh O fR R B 6 AT B ) B
(MALDI-TOF MS): X #% %5 ultrafleXetreme (f
EA & an]), Lha-fAE-4-F 5L PR A0,
SRR AN 2SR

FHLE 25 FL 25 DU BT R AT I 8] 5T 35 (EST-Q-TOF
MS): X#EALS G2-XS (R HE IR A F]),
B TR R A AT SRS b7

HEHT(TGA): XEAS TGA-1 (i -1
REED-FERI Z A A, MR GLFE S 18 o e
LR T g #07 SE AN TR 58 #o At
2RFHRIEFE, DAZE ZIRIHR I L RO, T
I 24 10 °C/min, ZUSALE N 50 mL/min.

N ZEZ AR RS HT(DSC): (X #8A 5 DSC
206 (4 [l 5t 2 =), M0 45 e RS 2R T
TRV B AR 7 SE AN TR A4 A DA I A R IR T T
TR, DASS R FHRI RS R o, FHEE R
7910 °C/min, Z/Jii# A 50 mL/min
1.2 PCHCRERIBRAE

I TGA. DSC % J7 %% PCHC (1) #4 77 %
PEF AT RAE .

TGA: H 25°C Tt & i % % 120 °C 7f 15 &
10 min PAVH BT 5, BRI S BRI 25 °CTHIR
%500 °C, FHil/BE IR HE 234 10 °C/min, W E
PCHC [H#47 ffLE .

DSC: H 25°CH =it B & 120 °C FF 16 i
10 min SR H BR A 5, FEIELS BRI 25 °CTHIR
%250 °C, FHil/BF IR E 2328 10 °C/min, W E
PCHC (WIS FE AR
1.3 $ANPMKED &9 59§l 8 F R AE
1.3.1  fEALF 1a )& Rk

AL Ta 2 26 SCHR & 20, & R 26 0L
B TSI AR GRS T, B DY R FE Rk (0.61 g,
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1.00 mmol)¥A T 20 mL T & W ki, 22187
i1 1.0 mol/L ) = Z. 3£ #5(2.00 mmol), 25 °C R %
N4 h, SRJEEVOKIE RIS mL £5F/K, T
25 °CF ML 12 h FEZSBR EVEN], K5 A A
T WS, MATCKIRERS, I uEIF e bR %
WA, SRR AT o s R ai b e
V(AR B VFEE) = 10/1). 153 B 45724 Ia.
HRMS (MALDI-TOF, m/z): Bt &%) 1a fI[M+H]*
(C44H30AIN,OY), Wl 5€ 1H 656.2126 ( it {H
656.2157); [M-OH]" (CiH,sAIN,), I & i
639.2124 (Fi21H 639.2129).
1.3.2 A I BIA

AT Ib 2 2 SCHR & 7, & R % 2k W
B AR GRYT R, B DY SRR Rk (0.61 g,
1.00 mmol)¥# T 20 mL i+ =& H e, 180
TSI mL, 1.10 mmol), 25°C K
6 h. [ LG5 R fE TR 28 bR 50, SR E T
TS Rai(h e, &R )/ V(T EE)=
10/1), 15 % £ € [l 44 Ib. '"H-NMR (500 MHz,
DMSO-dg, J) 9.01 (s, 8H), 8.29~8.16 (m, 8H), 7.87
(q, J=6.6 Hz, 12H). 3C-NMR (126 MHz, DMSO-
ds, 0) 146.55, 140.91, 134.03, 132.09, 128.23, 127.09,
120.16. HRMS (ESI, m/z): BC& %) 1Ib [ [M-CI]*
(CaHasAIN,Y), 1I5E{H 639.2113 (GHi81H 639.2129);
[M-CIH+H,0]" (C44H30AIN,Y), I 5E fH 657.2233 (3
WH 657.2235); [M-CI+CH,OH]" (C4sH3,AIN,0%),
M E1E 671.2382 (FRLiRMH 671.2392).
1.3.3  fHEALF Te 16 Ak

A Te Z 25 SClk & ), & Rl 26 W
1 SRR T, KRS 1a (1.00 g,

(1) EtzAl
) H,0

CH,Cl,, 25 °C

Et,AICI
e
CH,Cl,, 25 °C

F F
E E F
ELAICI
—_—
=@ § OF CH,Cl,, 25 °C
F F F F
F. F

—_—
CH,Cl,, 25 °C

1.50 mmol)¥A - 20 mL T+ & Fhit, MA=
B OTRH(0.33 g, 1.50 mmol), 25 °C R = W
12 he 8 S AR UEMR,  TeZS R B AS RIE &
) Ie. 'TH-NMR (400 MHz, DMSO-dg, ) 9.05 (s, 8H),
8.29~8.22 (m, 8H), 7.97~7.88 (m, 12H). BC-NMR
(126 MHz, DMSO-d, J) 146.71, 146.54, 140.89,
134.02, 132.09, 128.22, 127.08, 120.15. °F-NMR
(470 MHz, DMSO-dg, 6) —=73.41. HRMS (MALDI-
TOF, m/z): B &40 Ie [ [M+H]" (CaHaoAIFN,O,%),
e {E 752.1985 (FE1L1H 752.1980); [M-CF,COO]*
(CuHxAINS), TETH 639.2160 (FEE1E 639.2129).
1.3.4 AL A R
AT & S H AT b, A R 2,
1. 1 5,10,15,20- DY (19048 JE) b wbk 25 R U 28 5t
bk, ORGSR SR AR JE AT R AT o e fR Al (b
PEEALES, M &R R)/V(FED) =5/1), 5315
214 [ /ATL. MS (MALDI-TOF, m/z): &)
[M=CI]* (C4HgAIF5N,*), W52 15 999.0 (B & 1H
999.0).
14 X5 R X BREEIA S BERRI T & 5 RAE
i B B B 945 i (ciis-CHOC) 1) & B 924
2 FroRPOL FERE SRR R, i cis-1,2-3F &
T FE(10.0 g, 0.09 mol)FNE FH R S T E(27.6 mL,
0.20 mol)¥ T~ 100 mL i T PUZRIE 1 . 7EVKIKI 5%
PEF, 8= /%264 mL, 0.20 mol), /N
FERUE, RSEIKE Z R, 6 h. it i SR
PREERNMER, WORRREER, 9203 EMRIE. 4
MEEN S BEEER, VOR B2 2=
5/1), 9%t . 'THINMR (500 MHz, chloroform-
d, 9) 4.71 (t, J=4.1 Hz, 2H), 1.90 (tq, J=9.6, 4.9 Hz,

Fig. 1 Preparation method of porphyrin complexes.
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(6]
OH /
(0] Et;N o0+
OH 3 o
('j/ /Lo)km THF, 6 h @’
Fig. 2 Synthesis of cis-CHC.

4H), 1.62 (qt, J=8.1, 4.2 Hz, 2H), 1.4 (tt, J=8.9,
4.3 Hz, 2H). *C-NMR (101 MHz, chloroform-d, d)
155.47,75.83, 26.75, 19.16.

S Ak BR A I B8 (trans-CHC) [ A 1 S 25
cis-CHC, £ trans-1,2-3 & ZEE B AR cis-1,2-F
C. % . '"H-NMR (400 MHz, chloroform-d, J) 4.07~
3.97 (m, 2H), 2.27 (ddq, J=11.8, 3.7, 1.9, 1.4 Hz, 2H),
1.98~1.88 (m, 2H), 1.73~1.62 (m, 2H), 1.49~1.35
(m, 2H). 3C-NMR (126 MHz, chloroform-d, J)
0 155.11, 83.53, 28.16, 23.14.

1.5 PCHCELMEER

PCHC fif 58 J7 . B — 7€ Jot & 1) fi A4 770 A
B AL E T 50 mL BEAE se i, i\ PCHC
(200.0 mg, 1.41 mmol, T BERER ¥ 7C)F PEG
500 (140.7 mg, 0.28 mmol) & T i fC i+,
P R S T 200 CCTMIA R L . SRR 4E RS
It TH-NMR RAETH S A S = Wik £5 8 . %
W =ik P TH R T T PCHC BRI
P B G I A cis-CHC ITE AR S 1A%
TS A A AR AR, T AESTAR R 2R AT B
REFEIX 7y, FTUARNAERG, BOE & R0
NITARH 28, Jd@id "H-NMR 5 AR b5
PCHC #% 4k % (Conv.) FIF= ik B P (Sel.), Wi 3
Fs.

PCHC CHO
Conv. = A/(A, + Ay + A+ Ag)
Sel. = AJAy/A,

a

2 HRE5HR
2.1 PCHCHIRIELER

181 GPC il 153 5256 Bt FH PCHC #3517 15
M,=59.6 kg/mol, I3 1 & M,~=104.7 kg/mol,
ST ESMDN1.76, HIo MR E (% MR E
WAL, Ts,)N278 °C, BIEAILAZIR LN 127 °C.
22 AU EEINKEL &Y PCHC R 5

s

ZHTIRIE AR I, A WL AT LA SR R s (1)

F2 5k o 25 A 51 R B RRE AR BEER AR Bk

R0, T4 RO I BE AT DLYE AL B, ik
PCHC [ 8% Js ;5 3 P v P 7 ) 1A 0 T
P B BRI, S0 i SR B A TE [l £ B0 BR] et
& JE R AR HUBREE R — ik R T
iR 5 PCHC. R SRR . A FEE U5 2 1% 500
(PEG 500) 1F 4y i 71 #4) & 35 A0 i A 1 &=, 12
200 °C. FFAFLA KA T /S 60 min, iR S50
SR ME1R.

AT G & P Ta fi# 28 PCHC, . 60 min
IR E VAR ER T 7%, H KB #2 trans-
CHC (3 1, Entry 1). I\ 55 1% M 16 B i 10 771
DBU J&, RAEMIIMGRERGINEERA, &
G DAL 74% I EIN3R1S T 63% I CHO & F:1E
(32 1, Entry 2). ¥4 HLUR B e BT 58 58 A% 1 1)
TBD J& Jx Mg PERE— 2 4E &, M 60 min Ji5 5K
HEAFAL, CHOMEREMERE] T 88% (R 1,
Entry 3), 1X—45 R A J4 AT TBD 958 26 % 1t
A2 AL AE 77 . MTBD Bl 17 5 1) v o7 PHL- S5 3

O

af@"ﬁgﬁ b é c@o f d@o’\( .

trans-CHC  cis-CHC

O

d c

85 80 7.5 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 20 15 1.0 05 0 -05

Fig. 3 'H-NMR spectra of PCHC/CHO/trans-CHC/cis-CHC mixture, and PCHC/cis-CHC mixture in Tol-ds.
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Table 1 Catalytic depolymerization of PCHC 2.

Entry Catalyst Cocatalyst  n(Cat.)/n(Cocat.)/n(PCHC)  Conv." (%) Sel. ¢ (trans-CHC/cis-CHC/CHO)
1 Ia - 1/-/500 7 86/-/14
2 Ia DBU 1/2/500 74 37/-/63
3 Ia TBD 1/2/500 >99 12/-/88
4 Ia MTBD 1/2/500 28 71/-/29
5 Ia TBD 1/1/500 70 43/-/57
6 Ia TBD 1/4/500 >99 —/2/98
7 Ia TBD 1/4/1000 90 65/-/35

8d Ia TBD 1/2/500 90 15/-/85
9 Ib TBD 1/2/500 >99 8/-/92
10 Ic TBD 1/2/500 >99 —/-/99
11 Ic TBD 1/2/1000 >99 1/2/97
12 I TBD 1/2/500 76 96/-/4

2 Reactions were performed in PEG 500 at 200 °C for 1 h, n(PCHC)/n(PEG) = 5/1; ® Conv. is the conversion of PCHC
confirmed by "H-NMR spectroscopy; © Sel. is based on respective percentages among CHO, trans- and cis-CHCs; 4190 °C.

R SIEPERR(R(FR 1, Entry 4). 54 HLHK T LG4
XPHEAL R 52, BRI TBD 124 = B (n(1a)/n
(TBD)=1/1)fE AL 35 PE B 2 N & (K 1, Entry 5),
I TBD [ FH 5 48 0 i (n(1a)/n(TBD)=1/4) fif 5 3%
I, H2E BT B cis-CHC 1 4 Bl
(3 1, Entry 6), XnJfg/EH T TBD [FKHEHE T
Bl SN TR . BRI Ta (1) 3R 22 0.1 mol% T2
TR trans-CHC IE#:1E(F 1, Entry 7), UiH
CHO e B AR ME A TR R i AR . A
AT Ib I, CHO FiE RS A 27, 152
T 92% (%1, Entry 9); ff FEALF Ie i, 7E
0.2 mol% P HEAL TR %k [ M. 60 min, FAEW)5E
2 ff JE ) [F I CHO (1) P2 i 1058 99%,  Hik
A I 2] trans-CHC (£ 1, Entry 10). 4k 22 [F (K
HEAL 77 (1 F 38 2 0.1 mol%, PCHC fIfi BB SR
AT DAORFR e e, REW MR, CHO Mk
PEVELRIFAE 97% (% 1, Entry 11). il 58 5256 45 1
KW, WAV Te MHEATE B ER TR A 1a
5 1Ib, XA HE2 KN = 5 SRR 1) SR
Bog 7R F Ok g e tE, R RO E L
Re 16 FIT &8 O A S B R m AL, (2[Rl
WS SLRT A T AEAR A AL 77 FH & % PCHC
fiR TS e Bt AR Ak O CHO B4
23 EREINKEL &Y PCHC BBERVIER R
XT CHO #1 CO, A B 3L & iy PCHC, H
il SR 1) B 248 7 ) 2 L Y 2 v e A iy (1) (R AT
AR W 4 s, e e R i Xk U A R
RN, H—, BEYORIERR T AR OISR

o,

Q . :
<>£&w*ﬁ%§ocgf%§yégég

cis-CHC
Fig. 4 Reaction pathway for the depolymerization of
PCHC.

B =8, 153 trans-CHC; 1 #E B 3L 5 )
YRR, 1921 AR H AR
VI CHO, FFREIH CO,. B TR il B uity 14 [ 68 S N7
MR B —E, AR [ o0 R ik S5
Ty ALK T BB % A Y cis-CHCP,

7E PCHC W fift 58 R Riod #2 d, M I 30 4
trans-CHC {7745, L Hu ) 50 AR 2 A AL
YRR EE, [ I 15 0 2145 2D & cis-CHC A2 J .
N T SSIE CHO AR B2 15 28 ) FROTR 5 18 i 1Y) 2
T, AR A TR Ta 4 S A R R PR R 2R ) Bk R A
Ol . 75200 °CF, 3% HE A 1L 77 n(1a)/n(TBD)/
n(CHC)/n(PEG) = 1/2/500/100 1 Lt 451 {5 44 A 3 J2
N, K2 o, HH trans-CHC 7] BL7E 200 °C
SN 60 min [ 2% 11 T L 94% (1) 3% 5 1 i SR N
CHO ¥R (% 2, Entry 2), i cis-CHC #£ 4 [7] 5%
PR h AR AL (F2, Entry 1), B
trans-CHC 1R 7] G821 2 ik 58 1 R 1) S B2 H TR
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Table 2 Catalytic degradation of CHC 2.

Entry CHC Conv. (%) Sel. (trans-CHC/cis-CHC/CHO)
1 cis-CHC - -
2 trans-CHC 94 6/-/94

2 Reactions were performed in PEG 500 at 200 °C for 1 h; n(1a)/n(TBD)/n(CHC)/n(PEG)=1/2/500/100.

TEMEMFIER T, FRREumdt i) PCHC FIfE R
F= B B R g 2 o AR BE AL BB 1) 7 20 AR
TEVEEE R iy . 45 PCHC [HfR 58 DA — [ Bk iy i 20
[ 77 AT, ST QUG 40 TR G Wk
K, REVIR 8o S [AE# T
B, Mo FEoAMEAAR. R, WRmEEE
FEPAEAERENLITEEAT R, RE Y I 8E R IR I e
R 2 A REARY), RBCREMH TEN
SRITRE, 5 rE AR,

N T DI TR 5 7 A B R i ot S IR
A7 [ 8 A2 BE AL EE 1 7 5, 8 A 4 Ta i
RPCHC, Wl ZE& Wi SR i b oy v A 4y
TR, SRR3R, 78I E
95~20 min ¥, REVI R WREAC, HEY
ST RSB, o TESMIHEASTE, 2
PIRE ML EERFAE s S Ub[E B, CHO SR =)
EPEMEAR T trans-CHC (3% 3, Entries 1~3). ZE&
SIS (8] 22 30 min J&5 BRI PRIk R A B
JE, X537 67% (83, Entry 4). #—FEKK
M TE G, trans-CHC B E %>, CHO HARLE ™
b IR 2D TR, R EAE RN 90 min ik
F 7 98% (%3, Entries 5~7).

1E FRBF R EA b, A — P AR R R

(P ATLER, o FH A R Ta A 3R 2 TR S 2 3 0t 11
PCHC, 58U 4Fin . 16 N6 AR R 1%
N, K REAYRE 60 min 5 56 &1k, CHO
BRI B PE IR B 88% (£ 4, Entry 2), 1 i
REVIIMRFER B, 5% 60 min i
ER S REWIAR N, CHO B4 f) 3% P th 55
fi(F& 4, Entry 1). X —&5 50 08 58 I 87 (1) R 2B
ARG TR A W BE A i K 5 B Ak, R i T3
Uity SR A DA T IR R R R T AE R,
5 RN HEAT B I b A B R i D> TR B R S
Y, SR NOERRSE . %KY, PCHC
1) S AR I A s — B BE AL T BE ML, T 2 Bl
ML -5 4 A i e S 2% 14D [ e e I P ) 4 FH )
GER

PR, R BRES LA P AL PCHC ff SR 1R ML
MUER WP S Fis . fEMEALFIER N, PCHC &5
WU 8% R oA St 22 Jof 14k 2 F oy 27 A e SR e AN
RIRIREE AR, H LB RE R . e R
it [B] 1S ik FEe Bk A )% trams-CHC,  [7] ¢ AH A1 6 % H
B A2 B CHO B4k, FRAE R T — /MR IR AR BE
At trans-CHC TEMEALFIAE H T ff 28 4 CHO;
YR R A I AL R, L b
FEBE R, /DE 53 I AR BRI P2 4) cis-CHC.

Table 3 Results of PCHC depolymerization at different reaction time .

Entry ¢ (min) Conv. (%) Sel. (trans-CHC/cis-CHC/CHO) M, ® (kg/mol) Db
1 5 3 66/-/33 334 2.38
2 10 8 56/-/44 26.5 2.54
3 20 33 53/-/47 5.42 3.76
4 30 70 33/-/67 - -
5 45 95 24/-/76 - -
6 60 >99 12/-/88 - -
7 90 >99 2/-/98 - -

@ Reactions were performed in PEG 500 at 200 °C, n(1a)/n(TBD)/n(CHC)/n(PEG) = 1/2/500/100; ® Determined by size-exclusion

chromatography in THF against polystyrenestandards.

Table 4 Catalytic depolymerization of end-capped PCHC 2.

Entry PCHC Conv. (%) Sel. (trans-CHC/cis-CHC/CHO)
1 End-capped PCHC 88 56/-/44
2 PCHC >99 12/-/88

a Reactions were performed in PEG 500 at 200 °C for 1 h, n(1a)/n(TBD)/n(CHC)/n(PEG) = 1/2/500/100.
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Fig. 5 The mechanism of PCHC depolymerization.

3 #ig

WEA T — &5 4@ ik C & 4 F0 A AL AE
PCHC f i S, Hodt DL =90 S BRAR il vl
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Research Article

Highly Selective Depolymerization of Poly(cyclohexene carbonate)
Using Aluminum Porphyrin Catalysts

Yong-si Liu, Yan Yu, Chen Li, Ye Liu, Xiao-bing Lu"
(State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024)

Abstract A series of binary catalytic systems composed of metal porphyrin complexes and organic bases were
designed and developed to catalyze the pyrolysis of the representative CO,-based polycarbonate, polycyclohexene
carbonate (PCHC), using poly(ethylene glycol) 500 (PEG 500) as the reaction solvent. This strateg enabled the highly
selective recovery of cyclohexene oxide (CHO), the corresponding epoxide monomer, from PCHC depolymerization
Systematic catalyst screening was performed to evaluate the influence of the metal center, axial anion, and organic
base on the catalytic activity and product selectivity. The results showed that the catalytic system of aluminum
tetraphenylporphyrin complex with trifluoroacetate as the axial ion and 1,5, 7-triazabicyclo[4.4.0]dec-5-ene (TBD)
exhibited the highest activity. Under optimized reaction conditions, namely a temperature TBD/PCHC=1/2/1000,
PCHC was completely depolymerized within 1 h, affording CHO with a selectivity as high as 97%. Mechanistic
studies confirmed that PCHC depolymerized through a combination of random chain scission and chain-end back-
biting, through the intermediate trans-cyclohexene carbonate (trans-CHC), which was further decomposed to
form CHO monomer. These results demonstrate that the metal porphyrin/organic base binary catalytic system
provides an efficient approach for the selective chemical recycling of CO,-based polycarbonates into value-added
monomers.

trans-CHC

 TOF up to 1000 h™!
V" Selectivity up to 97% (0.1 mol% Cat.)
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