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ME 50, #i§ TPPTS(ME - =¥ XEBM=MRMAL)-Rhiacac)(CO): FEMARBATERLHE
7 1- EMEPREMEREN, FAZRARSTERERMLER. ANARENEEEETER
WRERT, £FFEMELNS, BRT S0, SNEASSRAMN TPPTS, M5 SRS 70
mol¥% Bl E, WETF & = 32.4 AHRFESH [Rh(CO) (TPPTS). | MH#HELY N 15 mol%, 3
ER 10 mol% . SEASTROENEITIK4E 2L S8R EH/EEN (333K F
#E 20, {RhCONTPPTS): | MM RN Y 10~15 mol%, HEBSRAELEDED,
HEEHSBSRST 373 K 42 2 h J5, |[RW(CO)(TPPTS):} ArM8{ KT 40 mol%; £ T
e AL, S| (RL{CO)(TPPTS), ) KiER, HB{L TPPTS Bl £ 43 h EHE
g, MERTTETE, ARY [RLCO)TPPTS): ] MRiEHEL, HRAEAMSHRE. 59
TPPTS @# LR OTTPTS. &FWAHRES, FEATTREEMEN B EFREMLEENERY
BER, BRES HREHT, RePHERns, REETFEAE, AEELNEREE.

>xWiE, FHME AEAKEEMELN WARWEEEE 1- R

M = % SRR EEL (tn TPPTS , TPPMS 35)- #5415 BY A ok 8 2 1 w6 Rl 3l
EREREN AR TPPTS-Rh B4 W AEF] (SAP f(bM). 75 filtb v G fidb M E T
RESHW, LMK / W S R R AR A T — e R 7], {2 SAP
e o B T L EREHF 2 BIKAY M.  Davis %5 B WEIgEE, SAP SN EK
BAE w,, o= 4~12% BHEVER . B, B TLR EXEREHMNE SAP MM S KRE
TEMERERIIREE, & MRS BIAY SAP LR RS KM ALK . Fif, Bunn %P 2R
BRI R, AW P MR R, YK/ BIEY 249 8, SAP SBMELHMIE
i, B—HE, CRIERIN Y, TibK / MRS MR, TR SAP SR L
fils FITFAE AL A o B AR 7 BN B R A A R D012 R I, KRE SAP SERR
i fb )25 F AL e R A Bl B S R MR SUIE R R B BRI, M ft— R, A Ed
By 2R, BB T AT MR IE YR RA, HEfE HD T A e S I OB EE, e b A S R
fE&# MAS NMR 1P ilf, RIMARFSOKSHEHREMOHFHTLEGXERE.
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Rh{acac)(CO)2( ZBEP M BRI, acac: ZBEFIM), TPPTS (] - = EM =BG 45
ok [13)[14) SR Si0. BKEM HET T 573 K FEH 243 2 h, %E 5K H Rh(acac)(CO)a-
HEWRFW, TPPTS KENETHIBHILER SHZMTERR ARTKHER - B
AR, L - CAEETRMEER, FEERMEESER VI - SE0 A RS LT
{ERITERE PEAT. & RS CO/Ha(1/1, V/V) & 5A 5 FF -401 B -0A fr FRAGHILES
ok, B SufidbA AR 0.8 mL (Rh &M% 0.01 mmeol). RS HHRE ST EERK
PARHE, SEREARAKESTESES BHmAREARLENER, 5K
fer s Rm. MRV IFRAT, SR TERARSERSRERH2 L

S E R MAS NMR P i#, 7F FT-Unity+300 MAS B &8 SEEtRi L
. BERERW S K, LL8SY RRR{EAMT R I AR bR

2 #£R#0ifie
2.1 K3 SAP AR EABRERNEW

£ 1AM T AR SAP $ERAELR - CHEPRALEEE (FRAEMREEH) KE kT
tE(ERW n/i) f9Rm. B3 1 o, B SIAKES e, Mikn SR80 e B
#, TR o/ HEEmMAI. M5 KESHMN 0.11 mmol-h~! $#FHF] 0.98 mmol-h~?
Bf, FE{LEC 244.8 Lot HRFRE] 207.6 bt MM T £ 22%. R, TEASCIEMESER RN
T (373 K. GHSV=1800 h=1), [FUH 1- 244 00% RLEHERSME N, Hae 10% 2L
SMEDZEMEN. SRR, YKE% 323 K 0H A KNS 0.41 mmol-h—1, s 4k
LABE R 3.8A, AHEMA RS HT AN KES RN EERAEREMN, YKEREEN
363 K i, B GHSHFEANKEIEREMNMANEE BREEGER, BERAEN 20A%L
. AR S0, RELTFHASY oA, HARKBRERSDE, FBRENGTLEHE
FrdR. Sl KBTS ARAFISSBENBMENE. Hit, FEIEERNALRS
A, doRSHEANKES, TEHEATRERSIEEMANZETHER, R, 5|
AEERKFESHFEROOREEEEFMEA K EELN &G THRRERSHEMEE RN, WA
BB AT, @A P AR S RY LS REES. TR S —HEREFHiEL (R2), RFEK
WA WG RS AWt A QbR R R, A4k wb A0y Bl B B ] ) BB i T 9L 2, ST kAL
FtEEM T, B, HAMESETRY, RN ERER N R, LB
Rk RO EE. (H9 1 A B R LAREL, b SRR B S

i, FEENEEND T KRYH v, = 8-12%. R 2R, HLHIES 0.41 mmol-h?
A SRS T - EAEPREERN 60 h 5, $E%H 2524 h-! BB 1007 b1, {H=4)
BEAY n/i He{E RO A8 (S 1 f3E 2 0740, PR /i B2 TPPTS/Rh AT
o)) MBIV AT G bR =S, RETH 1/ MK HREECHETRE SAP ¥R
fdb i, Hedl AL A ML, AEETKEMFLEMTE, ME - SRR
fidbd, FRBReLE B o T8 3. AR 3 TEL, SMARAEETRET 1017 1 Bf, ARk
IR AKE, MRS SR A REMRE, BN o/ REREW AT SR,
i B 92 L AR H A MO A FE AL R B L e B0 K. R, BCHEEAN A MM RRRE
F LA — e, PRFREIE AR TT A R R e A A . XA NLENOR, SR SAT HE AE(LTHTE
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Y FREYIRE, o] RE AR AR AR P oK 7 B 1A PR ) IR A T A AR

F 1 AENPARESEN SAP SEMEN 1- CHE PR T EMOEN

Table 1 Effect of water-vapor content in syngas on l-hexene hydroformylation
over SAP-Rh catalyst®!

Temperature of water container (K) 296 ) 323 133 343 323
Water-feed in syngas{mmol/h} o1 026" 041" 0.65" 098" m[;.;"
Conversion of 1-hexene{%) 5.6 84.1 87.0 91.3 91.9 - _?9.!1
TOF of aldehyde(h™") 244.8 2723 284.6 203.6 297.6 258.7
n/i of aldehyde 2.3 2.3 2.0 2.2 2.0 2.5

a) Reaction conditionsa:

1-hexene/n-heptane=1/4(wi/wt), feed-rate=2.0 ml/h: T=373 K;

TPPTS/Bh=10{mol/mol); CO/Ha=1/1{V/V}, 4.0 MPa, GHSV=1800 i ™" ; data taken after

4 I reaction.,

b) Pretreated under wet-syngas with the same amount of water-feed as in reaction.

¢} Pretreated nnder dry-syngas at room temperature,

¥ 2 FMdE SAP ffiemm 1- CHEPEBRLRE
Table 2 Hydroformylation of 1-hexene over as-prepared SAP-Rh catalyst®!

Time(h) 2 10 32 48 55 60
Conversion(%) 63.3 63.1 62.2 55.0 3.5 25.5
TUFl:I.l_j ) 252.4 251.6 248.1 219.3 137.6 101.7
n/t 3.8 2.0 2.8 2.9 3.0 3.1

a) Rh: 0.02 mmol; TPPTS;Rh=20{mol/mol); water-feed=0.41 mmol/h when pretreatment

atl hydroformylation. Other conditions are the same as table 1.

%3 AN SAP SEEENEARKENM 1- CHEPRILHEERER
Tabl: 3 Hydroforiylation of 1-liexene over nsed SAP-Rh catalyst by

re-imipregnating deionic water®!

Time(h) 4 16 20 22
Conversion{ %} 53.3 54.7 4.0 35.6
TOF(h™") 212.6 218.1 139.2 142.0
n/i 2.9 2.8 2.9 2.8

i) Reaction cowditions are the same as table 2.

2.2 SAP SN MAS NMR *P i

B 1fmE 2 SRR T SAP MRS N FTLEREFRERINTEN — 5
MAS NMR 'P P, B 1b o] 0, A& 60 SAP kM R ELE S TRARE SRS

Wit fh, EEiEEA LSBT =324, 264, 06,
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¥ 4 SAP SfitFEEReRONAYE R
Table 4 The ratio of surface phosphine species in SAP-Rh catalyst

estimated from MAS NMR *'P spectra

Phosphine ratio (mol%)

Chemical shift

Fig. 1 Fig. 2 Assignment
(8) (a) (3 () (@) (e (b)) (c) (d)
32.4 or 30.6 — 15 22 0 58 59 G0 59 surface {Rh{CO){TPPTS).}
64 9 10 1@ — — — [ nonknown
0.6 67 60 31 85 318 35 36 35 adsorbed TPPTS
-5.7 24 15 17 0 0 0 0 0 free TPPTS on surface
others 9 1 0 2 4 6 4 0 unknown
37,4 0.4
e 19.8 0.6
3.6
j..’—/\-J\JR
L d24 264
P

£}
e

l-ﬁ.?
50 40 4o 0 1w 0 -0 50 40 30 220 W 0 -10

& 4

B 1 SAP #{tHm MAS NMR *'P @ B2 SAP #icHgy MAS NMR P #@
Fig.1 MAS NMR *'P spectra of SAP-Rh Fig.2 MAS NMR 31P spectra of SAP-Rh

catalyst

TPPTS/Rh=10 (mol/mol);
wet-syngas=0.41 mmol-h~™" of water in
(a) TPPTS/5i0; (b) As-
prepared: (¢) Pretreated by syngas at 373
K for 2 h: [d) Pretreated by web-syngas
at 333 K for 2 h; (e) Pretreated by wet-
syngas at 373 K for 2 h.

syngas feod.

catalyst

TPPTS/Rh=10 {mol/mal);
wet-syngas=0.41 mmol-h ™" of water in in-
duced. (a) As-prepared; (b) After hydro-
formylation under wet-syngas for 2 h; (c)
After hydroformylation under wet-syngas
for 31 h: (d) After hydroformylation under
wet-syngas for 43 h.

WENERSPHEM ST, §E5 T8 4 WE TPPTS/Si0. 5 MAS NMR *'P #E (E 1a),
FeEL TS B BA LR E SAP Mk A IRCY B / B 2'P-NMRUS BHeLER, X
SR FR T B E % . REHEBASY [RUCO)TPPTS):)  RABMH# ., WHE T Si0. #
i TPPTS KB e TPPTS(MEH BTN RS 5K TPPTS). WA 1 Mk 4 7R,
# 4% Mk B {Rh(CO)(TPPTS): ) HRei ik eRs B (H 1b). K5 A B E R 15 mol%
A, TiREEA TPPTS #G 70 mol% b k. fifbHlE T-8a0 & @ A7E 373 K T 42 (B Lo) B

1016 WULI HUAXUE XUEBAQ {Acta Phys.-Chim.) 1998



HERKESHESRSTHRER 333 K T4 (H 1d) 5, {Rh(CO)(TPPTS),) HfayH B4 %
10-15 mol%, HERMBOEFHARILFS LAB T4 ¥ TL, B, YHSAKESHE
ABST 373 K 4238 2 h (H le), {Rh(CO)(TPPTS).} B Fhay ki NIed B3 n, Fr ks HopE
if 58 mol%, FH KT 40 mol%; StER, REELIH TPPTS RAMA T —%.

KA &M BAERNESKESHBERITRIT I- CHZFRLR, ATiESEEMMN
MAS NMR 1P il P [ EF] (H 2 B 4), HE¥ {Rh(CO)(TPPTS),}(§=32.4) fyB%ibepiapr
W, REM TPPTS RERHE S (A 2b), EXHTEHBAHBOFH SR, B8 {Rh(CO)
(TPPTS);} B il o S F IR ML ISR, X — iS5t SRR L 1 4 T IR 2
231 h ER)E (B 2¢), {Rh(CO)(TPPTS),} (6=32.4) #yi |FIAKE A TPPTS MM Y5 F
2h Y, RAXHHBORRELVEBPABTEMHEEM LS. EN 4305, EHE
BEC 540 {Rh{CO)(TPPTS):} RO IEERE L, HAEVBGELEE 6=30.6, iREMLH
TPPTS §MEALER. XTHERER, SKHEANENE, —7H, BOREEERSY
{RL(CO)TPPTS).} Hl & m R, EEXHEAGBEREEUBEL ETERT
KOs Mis: B—Fm, BTER Si0; W EH S TPPTS ik % /LB OTPPTS[H,
0 = P(CgH4SO3Na)s]. B OTPPTS b # 6=3507), MTEFKERBE P 5XTRSD
{RLW{CO)(TPPTS).) iy 6=32.4 (B BB, WIS EA ML, LR ETERE, NFF
il & 170 AL M AR R TRBTES 4 72 (3 F), MAS NMR P 5B o 8% 4y b il i b 25 01 38
PR G EE. B, REEENEY, REXEARESHESEN TPPTS Rk A EER
.

MBI ATE) D F LR RTUIENE, SAP SR ERNNAERAELEERFB DB
B n/i WEE RV E R — B B e, Bekn RN EHNIEETE, mAR
W nfi H{H. &6 MAS NMR P #§8EREREM S b i L mo e 1k (k8ME
A R & e [P RO L 1077 SRR LU T), M gk 75 v FEE O BRI R R
TiEtEE ML, WETEa THEAEAER. S, (1) dTFAORE, wEEHNE
EHEEDFHEERFEHGES T, 2) ENRGTESIRSOMRE, TPPTS BREAFR
Wt R B OTPPTS, B OTPPTS Sl &MEMGRMEHNERD, SREEHSET
B, (HARR ma = ik Rk

3 &

A KR = X WE &k TPPTS # Rhjacac)(CO). 3£HET Si0, b Boy fEA SAP
HRE SR, FEFESREEPRE, SIGERMNKEEFRERIV A ELESE
TER N ER Y, ML A KRS B RN B, LU BOh IR, SURKR 2 4 s il
MIYERERY BRI #E: KOG FELE B fEL R 5 TR R SEBI & {RL(CO)(TPPTS).}, i fi 2
TR AL, AE R 2P i AT A4 W P69 — TR AL 2 F Btk AL I v A SR
Eks bl 2kn mENERE, BNGESYES Bk TPPTS 2 #$/LE OTPPTS,
flEfbm EH B L ISR T RE, (HARWE~HEM o/ .
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Structure and Hydroformylation Performance of Supported
Aqueaus-phase Rh Catalyst

Yuan Youshu  Zhang Yu  Chen Zhong  Zhang Hongbin  Khirui Tsai

{ Department of Chemistry, Institute of Physical Chemistry, State Key Laboratory for Physical
Chemistry of Solid Surface, Xiamen University, Xiamen 361005)

. Abstract The catalytic activity of Lydroformylation of I-hexene over Si0s-supported TPPTS-
Rlifacac){ CO )z (SAPC) was found to be evidently promoted when a proper amount of water-vapor
was introduced into the reactant, Characterization results by using MAS NMR ' P spectra revealed
that there were three types of phosphine species in the as-prepared SAPC: uncoordinated ligand
TPPTS {over T0 mol%). surface complex {RLW{CO)TPPTS)2} (chemical shift at §=32.4, about
15 mol%). and unknown {(about 10 mol%). By pre-treatment at 373 K for 2 h under dry-snygas

or at 333 K for 2 h under wet-syngas, the amount of phosphine species of the surface complex
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{Rh{CO){TPPTS)a} was slightly mcreased to 20-30 mol%, accompanying a few changes in ratios
of the other phsophine species. When the SAPC was pre-treated at 373 K for 2 h under wet-syngas,
however, the phosphine species at chemical shift of 32.4 was increased by over 40 mol% due to
the in-situ formation of the surface complex {Rh{CO)(TPPTS);}. It was found that the peak
at $=32.4 was also a principal one in the MAS NMR *'P spectra of the working SAPC, which -
demonstrated that the surface complex of {RL({CO)TPPTS)2} would be a catalytic active species
for olefin hydroformyaltion. After hydroformylation for 43 h, the deactivation of the catalyst oc-
curred, corresponding to the abservations of a broadness in peak ascribed to the surface complex of
{Bh{CO){TPPTS}2} in the MAS NMR ?'P spectra, indicating that there existed de-coordination
of the surface complex and oxidation of the ligand TPPTS during the reaction. The results suggest
that a proper amount of water-vapor was able to accelerate the formation of active Rh-complex
on the catalyst surface and thus increase the catalytic activity, whereas, it could be inevitably to
canse the de-coordination of the surface complex and the oxidation of phosphine ligand under the
reaction condition, hence leading to the deactivation of the catalyst.

Keywords: Hydroformylation, Supported aqueous-phase catalyst, MAS NMR 3P spectroscopy,
1-hexene
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