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Abstract

The influence of the solvent effect on the reaction has a long history. Taking the water solvent as
an example, generally speaking, when calculating the catalytic reaction in a simulated aqueous
solution environment, the water molecules in the system are mainly divided into two types. One
type of water molecule directly participates in the reaction; the other type of water molecule does
not participate in the reaction, but the formation of an aqueous solution environment at the peri-
phery will generate an electrostatic potential attraction energy with the internal water molecule,
which has an effect on the proton transfer process. The solvation effect plays an important role in
most catalytic reactions, but so far there is no mature solution. Therefore, relevant research in this
direction is still of great significance. And, for such research, it is necessary to combine theory and
experiment, not only to establish a suitable water-solvent model, but also to simulate the reaction
process of the reactants in the aqueous solution; use the appropriate theoretical computational
chemistry to calculate the feasibility of the model, and explore the effect of water solvent on the
catalytic reaction. It is better to have an experiment to assist, and compare the theoretical result
with the experimental result, to see how the water solvent affects in-depth impact. By studying the
effect of water solvent, it plays an important role in understanding and rationalizing the theoreti-
cal development of the effect of solvent and liquid environment on molecular properties. And to
understand the chemical reactions in the solution, further development is still needed.
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1. 5|8

JR T3 R ] B i B AR A IR S R, G A LA T A R e I LA IR B S, 25
FR AL TR RS Fr o DRIE,  AATTOX B 88 PRI 5T 1~ 1o R 3 BBl 1) 7 v 3 s AR A M.
FIRA 2 5200 2 I B ER LSy B TR 1 5 0 B 050 AR LI 2 A, DR 0 B A 70 R
SEE TN, HIRMANE EA VA AR IR BSR4 M 0 AR RS R R AR . IR, TEIX
JIHN T RENEWRE ). AT RERTT R R, R TR EE— P K.

Daniela #@2H[11CL DFT/B3LYP6-311G**H R /K43 M7 H-3RAE T H BEIZ B4R B Bk e 43 7 N i 7
BRSO LR DA S K oy FAEAL S R R . bAoA R, AEF D, RN HETIERE, T
FRE LA K 2 1 1) Bader & BRIRKT RETIAT 1 R MRIE. I H, MR PT JiEER 1% ER2A
FI, BONERTA SO T 2B N R, M RAER 170 A BT B A i R Z5 Kt se 22 W ok . 72
GBI, SGWEHMEFEER, H—hmH, CEREKS TREMFINER. WA RNY, fi2
BIRRAS T Wt

SRR LERT 5T 2,3,5-= H SR BRI U A I S R Sdied ) FH BRI TH AR5 92 DA R LS SRR AR AR
PR AL AT LU (2] 0 I I S PR AR E— B R AE RS AR . ] 1 FiR, NH-Ui0-66 Al 2.0 wt%
Pd@NH,-UiO-66 [¥] XRD [l 5 M di i S5 M 4075 H (1 Ui0-66 JL-F-AH A« 75 4 RT3 244 N ] BUR
U S, NH,-Ui0-66, AN Pd BTARAS 25200 NH,-UiO-66 fZEK:, KILTE DMF T 130%i4 A EE f5
HAEZLORFEE L, Ak, WA MR EIIA Pd PURARIIN0E, RIIEEET MOF 0 P /N Pd 9K A
LRI R 5 3 3o 328 FH AP D A A7) 0 D ERLPE T B e () PR A P e DA% R ) R (3] [4]
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Figure 1. XRD patterns of UiO-66 simulated from crystal
structure data, the parent NH,-UiO-66, and the one-pot syn-
thesized 2.0 wt% Pd@NH,-UiO-66

B 1. BSRFESHEIREIE Uio-66 B9 XRD [Ei, &k
NH,-UiO-66 F1—4$m:EE& K EY 2.0 wt% Pd@NH,-UiO-66 [2]

IS R, BT BRI %5 R 9T Bk PR AR (DFT) I 5 3 T 0F 7048 0 5F P BI#E 0
NH,-UiO-66 Z4t. TMBQ MIHLEE. FI PBE f1) SRR T AR A T RR 50 4 pR 5. A58 FH B30 Ak 45 4
AR A 2R P IILA00 oK 8 o) s 7 A7 i R R 1IVE FH o B 7K NHL-Ui0-66 IR A8 40 M & 120 AN ET, R
AN i FH T BOREAT LN IX . BEhATA RIS R, BB R FI4EXT 73/ F 0.03 eV/AL. RAEIL A
BARHE P AT VEAL I TMBQ S A2 Hh (I YA, 1 B A 0 Vs A — AN A BT T S35 18 ) VASP
AT

TR T AR SN A SR U TMBQ S S RN, BIES —FNEE 8 I SR BRI AR — i
BRI — N EE D) AL . NEB THEER M, B— PP IRIAEL A 80.7 kl/mol. {EZE—3P [ Mif¥ 4%
RAEFSHH, dH-0 099 A, 15 Pd J5i 7 (M IEENTRE, BEE N 2.36 A, D IRIE RN, BEE N 10.1
kJ/mol. KINEE 20 R BIHIEEIRAS 1S2 55 1S1 M B BUK M RE E—40.2 kJ/mol, Jf H NEB i1 HFE K —
IR BiFIRES /MG %, Bl 34.5 kJ/mol. TS2 &5Mrf i T 15k B 5 ML O JR T IBIFEES A 1.60 A,
FALTF TS HH 1.67 Ao fE5E RN B LR (FS2)H, PIANEARF SIS R, I+ H TMBQ P44
W BRHE TR ZE R o 58 D RNV BB 22 /MG 22, AN R B 7E TMBQ b A2 v = A= 1y Hh [l 44 (B FS1)
ATLMRZE G LR 2 =P, X5 TMBQ AT LUA B = R I S0 R AEw W &

ER, SR T TS R T KT B S SR EAT TARGF iAo (H 2 B 45 SR LR R
FIS TR H R B)TE AL BEAE Y 80.2 kJ/mol, TS50 H >R M A 36.4 + 0.3 kI/mole FiT LM AT LA H B e
H5SERHEE A —E I ZERE,  UIITEME AL S b 2% FE /KA T8N B oy B R . ik, ik
R DR R N A DL A . — R B RIS BT T R SR SR KA A
FO R BAR RBATHLIERE T, T HIBK 72 5 001E LR S0 R TR A B R E R . BT H AT
ik, TR MK A G ST I S A R, BRATR AR TE R R 2 .

2. B EGE
2.1. FFENE

TEKIEWNT 8- SInd B B 3L KB R TR BHLEN R, FIHAEEF 1M s T %8s
[5]116][7], 5t T 8-OHGrad TE/KH I/KEEBI 70T A i T 542, BB —AK0 7 8-OHGrad B &%)
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P AbFE N HAT DFT F4G RE B 3(ESP)I QM X k. 7EAS RIS BE B KT, KIS A 2 4
MM [Xi5. # 8-OHGrad-H,0 B &WHIMA 39.9 A itk &Ed, Z&h 2137 AR T4, FWIHT
SPC/E /KM FEIR 8] KL, FJFH DFT/MO08-SO/cc-pVTZ+HE i 7K F T4 FE QM [X 15 DL i+ 5 9% e S ik 4%
(1) PMFs. tb4bh, WP A A BAER, S AR ARG AR A AR 5K FAHEAEFH, QM X5
MYEIE AL S B AR HETEIE 133K 13 [9]. PMF (iH 54 NWChem THEA AT 75 F3) 154
PMEIEFIE BN ISR AL P 120 ps, SREHAEA NEB RNi&E. HE RGP HERAN NEB
SRS

2.2. BEZRIEP

T FERGENS PRI KA B T 6 # S B b, FH %5 P32 B 38 (DFT) 7% B3LYP [91/6-31+G(d, p) [10] [11],
A1 PBE [12]/6-31+G(d, p)f1 - MP2/aug-cc-pVDZ HIL/K P FEATER(B), BRIE (AR IEA(TS)
(1) 2- S HE GV -4 (3H)-—FRIBE v ) LA S5 44 o 3dcd A58 FH VS e 3 ABA T H SRR Bl A SR DA i L s R T . A
T VYRR SR /ME: A, B, AW I BW. FHRAS TS A1 TSW AU — MBS IN . Szt
FILSRAE 7 REE I B B RE AR TTER, 10 IR T I SR B A L OE .

3. RFEBRNNE
31 WRFHH

AT LLE IS B S 505 RVCR SR S RO HLEE . i, s 2 fros, T F B S HORKER
SN AR Ak, R IR ST BT R BRI R 1 BAR S, I HS SR H RAE B BRI T B
B BT OH + CCly ZE KV /K A B SN, IS 78 R I, 7K 93 F Bl Ji T B ik F2 A B
TAEA I S48 G TR ORI OH R )5 # R ) OH MUk JEBR CClyo UBAN, V5551 mT LA F AR
FIAMEAL 7 o

KB 7 A% S R A /K R PR 1 ph 0 5 M A A s 7 (14 S B A B o 8 ) %) S5 R R AR
BIR T HBIK Y F5 8-Fdk W L 2 18] (1 [F)20 XUT - R AL o G V8 25 AR AR R A2 9 e . I 42 B KT
HEpmfR e M r B ESZ 6.

7E5 RNA F DNA Bk (1) f B oW 82 2K Sl B I T L], G dE R e, famsne, i lgmsng,
JRIEE A L LIRS o X T — KA SR F S 1 N TR E T ORI, 5K B A
bb, EAR AL AR - SN OB 3 22 R FE AR A o 25 B2 B RIS (DFT) I NGRS FE R Cy AL 1S IS
TR THBIRE MP2 KPR, K T1ER 7B R AR B R T %2, i
DFT &SI FER (R0 HFE R - WAk IE SR R (IEF-PCM)) I 55 — PR IR BRAIF 7 R B, 8-48AR-7,8- i &
WEE A e (1 AR S R AR IR K 43 - B B R - RS 0 R T DUFE KIS R B PR (LS A Re E 2/ T 10
keal/mol. Xf T+ 8-F2dik 5 M4 KL [4](8-OHGrad), M kH £ 2H4r MCSCF/DZP/MRPT2 #f 7t £ B, <A H7K
B TR SR 208 22.4 keal/mol [13], HLEHE — /KD FHiBIE R M EFELA /N T 263
keal/mol. fE/KIFWH, HA IEF nARMESLE MR K] DFT/B3LYP 2 it &K I 8-OHGrad 5—7K 45>
THIKER T 18.6 keal/mol. REAEHRR T I E /K TR IS REM R BLEAIF LR, Ak
JSLIR AT R VR 2 14 J5 1 G A AN T AT (1), 70 RS AT 00T s 7 ot B ) 5 8 D iR 3 A — AN R N3

JR T FE R R R AL 5 — RN S8 VA I SE A SR AL K o T OB R 2 A R A Bl IR, IE R
PUKMIROREHE 7, ROZWAR A EA UK 1. 2800, BIHATCA L, E%A KT 8-OHGrad KiF
HKER BN T H RS IR T, DAAT BT TR RON 0 RORLI A% R RE B 2 R e s ik BRIk, K VORI 4 B
IHEAAE TR AR AN . Ak, B FEANI BB AR
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Figure 2. Schematic diagram of the mechanism
structure change of the reaction path

B 2. RMBRIIEEMTHREE14]
32. BT R4

WA B K G B o5 e B R, B R B — AN B BT TR VA TR RO R AR AL « T AR AL 2 T SRR
T, FHELHERARMNERFEIHREN. XBERE R ESE ST R E R, X2 ST

RUEFHRIIEIR . N TR, RPN TIRARER, FERTIAS a7 . AR/
BhpLI b, AT RS 3K TR — 82y, Wil 3 PR, #£ MP2/aug-ccpVDZ /KR, R
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Figure 3. Optimized structures of pterin in the intramolecular process of tautomerization. B is the

basic form, TS is the transition state, and A is the acid form. The distances shown were obtained
from the MP2/aug-cc-pVDZ geometry optimization

3. KB ET BT IR RIS M LS. BW 2EAER, TSW BHETS, AWE
BN ETA—NKSFHE, EREIEERM MP2/aug-cc pVDZ JLIEIL L IR IFHI[15]
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M5 AR T R AR B SAR B AR (FE RN A) R 3.68D, FE/KIRIE 8 N2 5.50D, BEINZ 50%. R HAF
SR AR AW S H P TR S b A TR R A AR, R b 3 BH PE AV W R R % 305 K R AR LA FH B
9, IF HIEFIERS IR Y AU AsE e b 2R A .

XoFF oK A BIALE, 7K PR35 (6 3 IR A5 A2 5 (—3.70 keal/mol), K B@ & 4> F I EREAG RE &= M 10.37
keal/mol ZZ AV FIMLARZS I 6.67 keal/mol. B ME H.AZ 7 #4452 € £-7.96 keal/mol, AHXT H HHEEM-3.25 3
21-11.21 keal/mol. PRl B ER B4 Fe A4 44 2 18] IR 54 22 7 H B REA—11.21 keal/mol, HH1-7.28
keal/mol >k HEf# BT, —3.93 keal/mol >k H HART, Ky UAAZAIVEEE B, & 4 Bgs 7 aREPFL
il o BT i K PEER B B MR A S5 R . B SR BRAE AR B LA E AL B B BEAE AR AR AR K
HBIHLEI R, 3 AL R 32.55 keal/mol 1 H HHfE 22 FRIK AL 6.67 keal/mol. ‘B RMI/K 7> T EHIES S
SR (AR AR RS PR T 25.88 keal/mol FIBHRS, HIN 1 S S BE o 7ERR M TLAR S M A P v A w42
FIKIA AR o £ FAALE S, & EeBs I BAR A 38 E 16.36 keal/mol,  ZEVE R H 7K 4 Bl L3R
F% % 11.21 keal/mol; & /& 5.15 keal/mol AR E

40
I (32.55)
30 - SOTS N .
20 - . -
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£ S
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Figure 4. Schematic free energy profile for both tautomerization processes in
solution, intramolecular and water-assisted

4. 7B, SFRFMKEMEE R IZNREEBBEEE15]

MR EAKD TEES S TN, HEZZEYLOZ2TWNISFRL, RS T 5K T
TRGERRIAE, PG T RSERE, (RRER NI A .

4. IKFB ISR

IR Rk B EH ) S MR A5 4% S RE A, TR RIOSE R T A A B AR BRI, i KT i A
FERURE GRS . AMUR A, A KERP K. A, HatrRPAAREABERRGER, B
FIRENEAS & LA st i 1b s e RS BE AR FLAE TR 55 AR A 2 AH ELAE AT RE 25 5 SZ V8 IR RERE ], R il 2
W SR EAINE PR, F, TSR %, ik S R RN E SR T A E SA R A
Z IA) AR R AL £

LA AR R VR R N B AR RO, K HRRER FEBLESESY . P HEEZ RIS
/MO8-SO/cc-pVTZA+/ 73T 1125 /KT, L 19.2 keal/mol 1 1Z/KE T8 [N ) H HBE RN 22 18
FURESEAO JUATTTEARAG AR K520, 17 Ak 2 il 2 o538 S S A% PR e et o ZE V771 0 R0 e V2 ) Bk v
e B TTRR N—28.5 keal/mol, AR TTER N 19.9 keal/mol. E12, ¥&EFIZNNT E H A% 22 = 5THk—8.6
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keal/mol, X EEWRAE FKIEHR A7 AE XS S S AL I EAT i A0 AR B I B IS S VA 1R 5 3 7% S S Ak o

W A AE T Z P AE R G DR G KR 5L, BT LA AR AFAE, X BT BRI
PEHAR SRR . R TAEF, fESAHAKIER I 1 IX e B AR ) e R [ R T R S . 75
AR, T 175 B Moller-Plesset 38 B i (MP2/aug-cc-pVDZ) i1 55 %1 43 B F e 3k 47 7 AL,
KHRIE AT LR E, —1.4 keal/mol, MXTTHAL XA 34.2 keal/mol HIBHKE . fEKEHH,
IKG> FAET T 7 S B VR FAE PR AN 73 T B4y o0, — Koy T EEES 5 IR NERAE, FROKEHED
WU, PAROKIEFMLI BEAN S S . 8 B )5 EO — N KR AT 7K BN, RIRRIE X4
SRTEFRE-3.3 keal/mol, [FIWSBERE) 70% 2Umlkb o SRR DR LU B B RE PRl B FE X 71 A Al
IR WL B R BV N o 24 S S A0 B K A BIATL A B, 3R DA 8 7K 20807 e 2 J A ) AR o T

Rk 4h, Dong WAL 16]F]F DFT 5 7kt 7oK Bl AV 7R KSR B A7 AR B 3 53 1 B8 AL
B FEIXIGURE F A, FRATT T AR B0 % B2 ek BRAR T B304 W] DA BH 5 5 /K Al Bh B B R T AR LB,
KARAEAKIER R AP — % B RKIRN F BN &A@ 3T BSR4 1  Se R 2
FEK ) Wb [0 f B T 64T

WX LerFe i, FRATHE B 7 A TSN T ER I 25 S RN ) B B, T 3RA T AE AR AR R R

NI

T ] o
5. BEMRE

GIER IR, GG R T IEMS T SR, T 8-OHGrad E/KEW K EHBI 2>+ W
JRFiH . A B SPC/E W FIALBE AL KA R K VA M ARG IR K 70 7 B R s . 520 A B A
UL, b SR B KV O T A IS B o YRR BLE AR VRGN I R 7 RO LI R B, RS
625 (SRS #6 #1SFE o #E DFT/MO08-SO/ce-pVTZAFEE /KR, w51 E HAE22 N 19.2 keal/mol. 5
(P AN BAE RS T R ES TR TR R T, &R T /KR R B34 22 m . THE R R,
Ve B I P A TR —28.5 keal/mol, IRALALRITTHR 19.9 keal/mol. S, KM 4k BE R DTk -8.6
keal/mol, X &M KRR T /KW 1 25 9F BN 0 77 78 ) AL EE BT A A o a1 K
HR BT R A AR X T AE 25 i T WA AS R AR SORERL B ELRE 23 A BT R A R A B AL
FES P, MP2/aug-cc-pVDZ 7KFHI5F P I M HLEE S5 34.19 keal/mol fFES:, BT =0 ES. 5
— TR 231 W ) ) AR S S B e 22 BRI 2R 10.37 keal/mol, 5 ELEENLHIMILL, B3 FRK T IT 70%. B
I, BIEANTE FEOKIAEE R RN, KA B AL T 3R A3 I S e Bt g R B 2201 . B S IR T % & /K3
R, 1 0 S NI A

gr b, AERFFC S I SOV, TRV AR B A AN v S R B LR 5, B DAY T 1m) it T e R
BEBENE . M, Hrvik, XTI FRENE R, A2, MRS, WEEAE
IEEER b, EBAIER RN R, FHEVEHFRKE A, K H A B S ERTE E T, MK
W A R RIHLER AT RN 9T fERE I R, 2 R A e B 7K e SEEAT R L
YRR I G /KA DA RS S S R AR IS VRS B AT b A . 56— @ SESe, R aiio(d 5 B E T
B, BB IRIE R U .
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