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Abstract Selective hydrogenation of quinoline toward 1,2,3,4-tetrahydroquinoline shows great application potential in the
production of medicine, pesticides and fine chemicals. However, the hydrogenation of quinoline is usually carried out under
harsh reaction conditions such as high temperature and high pressure, and thus, it is a great challenge to achieve selective
hydrogenation of quinoline under mild conditions. In this work, we construct platinum nanoparticles (Pt NPs) sandwiched in
an inner core and an outer shell composed of a metal-organic framework synthesized by zirconium chloride and
2,2'-bipyridine-5,5'-dicarboxylic acid (known as UiO-67N). Different sandwich structures with shell thickness of 11, 28 and
42 nm are precisely prepared. The obtained catalysts were characterized by X-ray diffraction (XRD), scanning electron mi-
croscopy (SEM), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), inductively coupled
plasma emission spectrometer (ICP-OES), Fourier transform infrared spectroscopy (FTIR) and nitrogen adsorption and de-
sorption. Impressively, the selective hydrogenation of quinoline over Pt NPs is significantly enhanced by using UiO-67N as
support in respect with UiO-67. Moreover, UiO-67TN@Pt@UiO-67N exhibits the selective hydrogenation of quinoline with
high conversion rate (>99%) and high selectivity of 1,2,3,4-tetrahydroisoquinoline (>99%) at room temperature. The shell
thickness has significant influence on the catalytic activity of Pt NPs, and with increasing the shell thickness from 11 to 42
nm, the conversion rate decreases from 99% to 53.5% under the identical conditions, while the selectivity of
1,2,3,4-tetrahydroisoquinoline is well kept. When other derivatives of quinoline are used as substrates, the excellent activity
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and selectivity are also achieved over sandwich catalysts. Besides, the UiO-67N@Pt@UiO-67N catalyst could be used at
least 5 times without obvious deactivation, but the significant deactivation happens over supported UiO-67N@Pt catalyst.
XPS and FTIR measurements show that the excellent catalytic performance mainly originates from the electron transfer be-
tween UiO-67N and Pt NPs, and the strong interfacial interaction between UiO-67N and quinoline.

Keywords metal-organic framework; Pt nanoparticles; sandwich structure; electron transfer; hydrogenation of quinoline
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Figure 1 Scheme of synthesis of UiO-67N@Pt@UiO-67N
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Figure 2 (a) and (b) TEM images of UiO-67N@Pt@UiO-67N(11). (c) High resolution image of Pt NPs. (d) Corresponding size histogram of the exterior

shell thickness. (e) Element distribution images of UiO-67N@Pt@UiO-67N(11)
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Figure 3 (a) XRD patterns of UiO-67N, UiO-67N@Pt and UiO-67N@Pt@UiO-67N(11). (b) N, adsorption and desorption curves of UiO-67N,
UiO-67N@Pt and UiO-67N@Pt@UiO-67N(11). Inset is pore-size distribution curves
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Table 1 Selective hydrogenation of quinoline catalyzed by various catalysts

X H, X

4 Toat T ' 4
N ak N N N
H H
A B C D

No. Catalyst T/C t/h Conv. of A°/% Sel. of B®/% TOF*/h™?
1 UiO-67TN@Pt@UiO-67N(11) 30 2.83 >99.0 >99 88.3
2 UiO-67TN@Pt 30 2.50 >99.0 >99 100.0
3 UiO-67@Pt 30 2.50 72.0 >99 72.0
4 SiO,@Pt 30 2.50 32.0 >99 32.0
5 UiO-67TN@Pt@UiO-67N(28) 30 2.83 63.0 >99 55.7
6 UiO-67TN@Pt@UiO-67N(42) 30 2.83 53.5 >99 473
7 Pt@UiO-67N 30 2.83 28.6 >99 25.3

3Reaction conditions: substrate (0.25 mmol), each catalyst contained 0.20 mg Pt NPs, quinoline/Pt molar ratio 250, methanol (4 mL), 2 MPa H,. ° Conversion rate
and selectivity of products were determined by gas chromatography. ° Turnover frequency (TOF) was calculated by dividing the mole number of converted substrate

by the mole number of total Pt and reaction time.
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Figure 5 (a) Cyclic performance of selective hydrogenation of quinoline over UiO-67N@Pt catalyst. (b) and (c) TEM images of UiO-67N@Pt catalyst
before and after the fifth cycle. (d) Cyclic performance of selective hydrogenation of quinoline over UiO-67N@Pt@UiO-67N(11) catalyst. () and (f) TEM
images of UiO-67N@Pt@UiO-67N(11) catalyst before and after the fifth cycle

£ 2 UiO-67N@Pt@UiO-67N(LL)HE 14 R AT A= Ik B M I AU ME R Y 25 L
Table 2 Performances of catalytic selective hydrogenation of quinoline derivatives by UiO-67N@Pt@UiO-67N(11)

No. Substrate Product t/h Conv. °/% Sel.*/% TOF*/h™?
F AN
1
~
N
cl
cl N
2 _ 2.83 >99 98.1 86.7
N N

H

Br. Br
X
3 \©\/j \©\/j 2.83 97 98 83.9
N N

2.83 >99 97.9 86.5

'I'I
Iz i

Iz i T
[Sa]

! X

4 _ 97 93 45.1

N

X
5 N/ N 2.83 >99 >99 88.3

OH on
L Cr L
6 P 5 97 99 48.5
N~ CH, H CHs

Reaction conditions: substrate (0.25 mmol), each catalyst contained 0.20 mg Pt NPs, substrate/Pt molar ratio 250, methanol (4 mL), 30 ‘C and 2 MPa H,. ® Conver-
sion rate and selectivity were determined by gas chromatography. ¢ Turnover frequency (TOF) was calculated by dividing the mole number of converted substrate by
the mole number of total Pt and reaction time.
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UiO-67N@Pt@UiO-67N(11) 7E fH 14 W bk 477 A= 4 v ik g
IR B I P R B R P

3 i

A TAE B P BRI RGE RS & % T BB = HiA
5K UIO-67TN@Pt@UIO-67N {4k, A s H5%
EEAARFREE. BRI T AR 5T Xk
J H AT AR B N M RE. BEAR R, UiO-67TN@
Pt@UiO-67N(11)7E = il R I HH = % b %6 (> 99%) Al /=
TR (>99%) {4k e bk L 5 14 I 2 THQ(GLFFE
B3R S3). UbAh, MEMRRTAEYIE N RPN, ZMEA R
PR Rk B A Re. RN, = BHVA S5 AL
JEILH BRI ITER R e . 454 X SHER e B T AE e AN
SEIHZLAMGIE R B, UiO-67N & &4 7T LIS N Pt
()L T2 B, [R5 ) oy 1 B B0 I 5 T A T AE
F, AT AT DAER T LA R

4 LIGES
4.1 WMRERTEE

Pt KR I £ R AR AR SCHRIZD, SxEr B Pt 44K
WL JERAT T R s BB K 16.6 mg
B 2L L BR (PVP, M, =55000)% T 45 mL Z.fgth,
31 mg 77K & AR (H,PtClge6H,0)% T 5 mL B4k,
FIZT K AR KIS BUMN B . =05 N R Z 5 FE
Y15 min &, KHIIAZE 100 mL B, fEA SRR
AUk 3 h, BIAT AR PVP B P9k ik, &
FEF) Pt 4K BRIR FE 218 0.61 mmol/L, EidH, &
T — b,

UiO-67N K& Hi: AR SCHR[49], AR T UiO-67N.
BB EIR: # 1.029 mmol Z 468574 T 30 mL N,N-
T FIEHRRZ, 1.029 mmol 2,2-BkAERE-5,5- ZIRIRIE T
30 mL N,N-—FRIEFIERG. fiamoe 4, 16 EALEsVEm
PN 3.53 mL ZER A1 100 pL #B4lK, SR 55 P AT
FORE. B LRI E 100 mL RN A ANE
WE R, T 120 CRIMLEH I 24 h, S8J5 1L 11000
r/min {3 B B0 3 min YEE =4, FF40 i A NON-— B
PRI Jl A1 R B R 4 P IR, B AT 145 UiO-67N. & R
UiO-67N 4 HiLfE 50 mL FHEEVA W, fhseatfii .
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UiO-67N@Pt (& B K 5 mL [ Pt 49Kobs iAW
(0.61 mmol/L)3# inE] 10 mL UiO-67N i, =R T
JIZIEEEE 2 h, FrARH7=4)LL 11000 r/min (38 5 5.0 3
min £, FIRERER 2 Ik, &JEF TS UIO-67TN@Pt F§
SYEE] 12 mL R, BRI M. B
JEA3E UiO-67TN@Pt I N,N-— i JE FR R e RV R IR,
SRIE M ENE 12 mL —HEEHE G, HFEaa =
TBYR R AT

UiO-67TN@Pt@UIO-67N(11) & fl: B 5, Ho il §r
IRV, BB 1.029 mmol &b 857 ff(E 30 mL N,N-
TR, RSN 3.53 mL Z R 100
ul B4l 7K £ H. 1.029 mmol 2,2- BN nE-5,5'- R IRIE T
30 mL N,N-ZHIEHIEE I b2 . RokA s, HX 0.75
mL bk 2,2'- Rk E-5,5"- R R HT SRR A N 21 6 mL
UiO-67TN@Pt 7, ik e s, HMA0.75mL |
REAEE AT IRAE . TRATET 120 CiBH Nk 5
h, X5 LA 10000 r/min ) FE 550 3 min, YRS 2
Yy, HHEEHRG 2 &, B #1453 UiO-67TN@Pt@
UiO-67N(11). i3/ HfE 6 mL HEEd, EEAEN
IS AR S A A 71

UiO-67N@Pt@UiO-67N(28): ## 0.55 mL [ 2,2"-}¢
MHEE-5,5'- 2 R Hi B R VAR A 0.55 miL (1) U0 S T Bk 4
W 4 mL ) UiO-67TN@Pt ¥k T, e & b 1
5 UiO-67N@Pt@UiO-67N(11) 14 ik 7).

UiO-67N@Pt@UiO-67N(42): ¥4 0.6 mL [ 2,2'-ntt
WE-5,5" "R R AT IR ISR 0.6 mL FO&UILES BT IR
WA 4 mL () UiO-67N@Pt i#W+H, HEAWP RS
UiO-67N@Pt@UiO-67N(11) K& FAH F.

Pt@UiO-67N & K K5 5 mL Pt 9K Bk e 44,
PR AN IR COREIE e =0k, 25 BRI 25 1R 3R 2 4 Ik s Joe Il
SRIGHECT 5 mL NN-—H & R A . % 0.08
mmol &b#57% T 5 mL N,N-—"H 3£ H L%, 0.08 mmol
2,21k E-5,5"- —RIRIE T 5 mL N,N-— F I i iz,
RR R e 4, RSN 1.38 mL 4R, )5
BPE RS, BN 1.5 mL N,N-— FF 5L FE ki i)
PtAKRL AR, 5ok IR E] 25 mL Rk
WAABNEES, T 120 CHIMFE I 24 h, g
FEYILL 11000 r/min B ES.C 3 min W B, 4
N,N- = F 3 FF O e f0 O O ok 5 ok, B AT A5 F
Pt@UIO-67N, #RJG 7 HrE 10 mL HFEER W, ik
SEGAE .

4.2 fELFIFRAE

XRD %154 DIMAX-TTRII(CBO), MRE Cu
# Ko 385F(1=0.1542 nm)7E 40 kV F1300 mA F L{E,
PL 8 (Y/min FHETE FE AT X S ERATH b, P
S (SEM)K ] H A Hitachi 23] S-8220 #4931
PSR S TSR, B Se N R S (A o S VA R
TELBERF, PR mBEE R b, fRsAER S,
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ERFHRER 10 kV [T, &5 BT B
(TEM)FI = 43 HE B 7 R AUBE (HRTEM) 5% K FH Tecnai
G2 F20 S-TWIN 7£ 200 KV R, B4 i s 2046
RS, WS PRI . Al ks 2R S0 LK Sk A
BB IENFIFITES. & AR ERE S RS S BT 5
8% (HAADF-STEM) 3% Al & (B X 5 2k BE 1% (EDS)
JLEML, A JEM-ARM 200F 7 200 kV T 47, X 5t
2R FRETE U M Thermo Fisher Scientific )
ESCALAB250Xi {3 #%, 7F30.0 eV )38 F it & A1 0.05 eV
(RE B KT, 159248 gk kL 5 8 A 2 18] () fEL 1
R R, aAMEENREH Thermo Fisher Scientific
1) Nicolet 1S50 {i B4 e il AY, BEEAG T 5 1A
LS IR FECPEAE it 2 bR SR 4 I U (ATR) A =gk AT
CEAME I, % T A 77 5 R A7 18] (4 A E A K,
TR AT L WEEIBRRT RV 77 4 R A s B 264 R I L
BIINE SN WA BEEE 1 h, SRE B0 15 B4
SRS, FERSTEM BT 40 CHE6 h, A
Ja AT LA IR, SRR B SR, SR AXEE ASAP
2420-4, Micromeritics IS4 & 1 EL R AR  FLARAR AT AL
RN FEED Pt SR B A 5 B TR R 96
1 (Avio 200, PerkinElmer)Jll 5E.
4.3 fELRNAIFEN

& A HIF B Pt 9K BURL(0.2 mg) FAR [RIBE df 20 1
7E 4 mL FEE T, FENN 0.25 mmol k. S, %
A% 31 55 mL RERE N AT A 2, HEAR
EVEEES 3 K, LEBREEENMNTSR, MBS
KREASIESIERE N 2.0 MPa. LN T 30 C, LL600
r/min  FRTIE B RV 300 4 2 P 0 ROBE IR (). 7R BRI
FER, HEBR T NAMTBOS A RE RIS, SRR A5 S,
LA 10000 r/min fRI3E FE B0 3 min, B0 J FOHE Ak 7] ] 4
F GBSk B, 45 310 R RO 0@ R (0.22 pum) i
€, HT BES A A (GC-2010 Plus, ftift:: Rix-5
30 mX0.25 mm X 0.25 pm)iE &4 fd .
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