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Abstract: Density functional theory calculations at the B3LYP/6-311 + G**/LANL2DZ(metal) level were
used to predict the infrared (IR) and Raman spectra for pyridine and a-pyridyl upon interaction with platinum
(Pt), palladium (Pd), rhodium (Rh), and nickel (Ni) clusters. After carefully comparing the simulated IR and
Raman spectra with the corresponding experimental spectra from literature, the characteristic frequencies
for the metal surface adsorbed pyridine and a-pyridyl were determined. Our results show that on these
metal surfaces a-pyridyl has a far lower Raman activity compared with pyridine, but their characteristic
frequencies have comparable IR intensities. This is the reason why different adsorption configurations are
proposed for the IR and the surface-enhanced Raman spectra (SERS). Our results indicate that IR
spectroscopy is an effective tool to detect a-pyridyl adsorbed on metal surface.
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Fig.1 Possible adsorption configurations for pyridine on metal surfaces
(a) end-on; (b) flat-on; (c) end-tilted; (d) edge-on a-pyridyl; (e) edge-tilted
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Fig.2 Modeling structures for pyridine and a-pyridyl adsorbed on metal surfaces
Py-M.. (m=1-4) and a-pyl-M,, (m=2-4), M=Pt, Pd, Ni, Rh
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Table 1 Spin multiplicities of the ground states of Py-M,, and a-pyl-M,,

25+ 1D)min (25+1)min (25+1)umin (25+1)min
Py-Pt 1 Py-Pd 1 Py-Rh 2 Py-Ni 1
Py-Pt, 3 Py-Pd, 1 Py-Rh, 5 Py-Ni, 3
Py-Pt; 3 Py-Pd; 1 Py-Rh; 6 Py-Ni; 5
Py-Pt, 3 Py-Pd, 3 Py-Rh, 1 Py-Ni, 3
a-pyl-Pt, 2 a-pyl-Pd, 2 a-pyl-Rh, 2 a-pyl-Ni, 2
a-pyl-Pt; 2 a-pyl-Pd; 2 o-pyl-Rh; 3 o-pyl-Ni; 2
a-pyl-Pt, 4 a-pyl-Pd, 2 o-pyl-Rh, 2 a-pyl-Ni, 4
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Table 2 Comparison of theoretical vibrational frequencies (cm™) of Py-Pt,, and experimental vibrational

frequencies (cm™) of adsorbed pyridine

Calc. Expt. (IR) Expt. (SERS)
No. Py-Pt Py-Pt Py-Pt; Py-Pt, PH(111)" Pt electrode’ roughened Pt
(2s+1=1) (2s+1=3) (2s+1=3) (2s+1=3) electrode’
Vis 397.3 388.9 394.0 394.8
Vigs 436.5 426.9 440.1 443.0
Vea 669.0 637.2 642.0 644.3 643
Voo 645.6 650.3 649.6 649.5
Vs 679.3 694.0 692.8 692.5
Vi 743.7 757.5 758.9 759.4
Vioa 851.9 873.4 869.9 869.4 850
Vio 924.0 951.2 947.9 947.0
Vira 970.8 990.1 987.5 987.4
Vs 985.3 1005.7 1000.1 1000.0
Vi 1008.8 1008.6 1007.0 1007.8 1013w 1013
Vi2 1052.3 1038.4 1041.0 1042.9 1033
Visa 1067.1 1066.1 1064.7 1064.3 1063 1064
Vis 1065.5 1070.6 1066.4 1067.7 1071w
Vis 1152.7 1155.8 1153.7 1154.1
Vou 1195.1 1210.5 1205.1 1205.3 1210
Via 1251.2 1263.4 1257.8 1257.9
V3 1340.1 1355.0 1348.5 1349.8
Viop 1445.6 1449.0 1447.0 1447.6 1437 1434vs
Vioa 1468.0 1480.5 1474.2 1475.3 1470 1478m
Vi 1561.6 1577.4 1571.8 1571.2 1565s 1568
Vsa 1603.3 1608.2 1604.1 1605.3 1595 1599m 1597
Vi3 3063.7 3063.8 3062.7 3063.7 3056
Vi 3077.2 3075.4 3076.4 3077.1
Vaa 3084.1 3081.4 3082.4 3083.1
Vaoo 3118.0 3088.8 3097.6 3097.9
V2 3118.8 3096.9 3099.9 3100.3

* Wilson notation, see Refs.30,31. *Ref.3, this spectrum is collected at 85 K. The coverage of pyridine is 0.2 Langmuir, and at higher coverage,

second and subsequent layers will form. ‘Ref.1, the frequency ranges are 1000—1100 cm™ and 1300—1800 cm™'. There is little shift of peaks when

the potential ranging from 0.4 to —0.4 V (vs SCE), thus only the result at 0.4 V is showed. Relative intensity: vs, very strong; s, strong; m, medium;
w, weak. ‘Ref.12, The result at —0.2 V (vs SCE) is showed in this table.
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Table 3 Comparison of theoretical vibrational frequencies (cm™) of a-pyl-Pt.. and experimental vibrational
frequencies (cm™) of adsorbed pyridine
Calc. Expt. (IRD Expt. (SERS)
No. a-pyl-Pt:  a-pyl-Pt; a-pyl-Pt, PIILY $i0s PUSIO Pt/SiO;’ (after roughened
(2s+1=2)  (2st1=2) (2s+1=4) electrode® evacuation) Pt electrode’
408.0 416.7 409.3
471.6 481.0 460.5
Vea 662.4 643.4 653.6 643
Voo 702.2 695.4 691.0
Vs 710.3 733.7 716.0
Vi 743.1 750.4 746.8
Vioa 858.5 874.1 867.0
Viza 941.8 952.9 949.3
Vs 982.4 991.8 990.2
Vi 1018.4 992.8 1002.5 1012 1013w 1013
Via 1070.6 1038.2 1039.0 1036
Visa 1040.0 1062.7 1059.5 1061 1071w 1064
Viso 1125.4 1115.5 11153 1105
Vis 1155.8 1156.9 1156.6 1146
Via 1233.5 1241.0 1227.6 1223
Vou 1256.5 1269.8 1261.7 1252 1210
V3 1412.9 1417.3 1410.9 1408 1410 1410
1427
Vioa 1437.1 1432.7 1433.2 1437 1434vs 1431 1431
1445 1445
1478m 1487 1487
Vso 1541.4 1546.5 1536.8 1536 1536
Vsa 1581.1 1578.5 1579.4 1568 1565s 1567 1567 1568
1599m 1597 1597 1597
Vi 3056.7 3053.8 3054.2 3030
Vo 3080.5 3071.8 3072.7
v,  3088.8 3079.4 3083.1
V2 3098.4 3088.1 3088.8 3087

‘Wilson notation, see Refs.30,31. The two vibrational modes without numbering result from coupling between vis and vig,.

"Ref.3, this spectrum is collected at 300 K. The coverage of pyridine is 0.5 Langmuir. © See Table 2. ‘Ref.6, according to Ref.6, pyridine is

adsorbed on SiO, surface through hydrogen bond forming between N of pyridine and H on the surface, and there is only chemisorbed

a-pyridyl adsorbed on Pt/SiO, surface after evacuation. ‘See note d in Table 2.
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Table 4 Potential energy distributions (PED) of selected vibrational modes of Py-Pt,
No.* v/em™ PED Assignment
Vica 394.8 Tcc. (100) oop(out-of-plane) ring distortion
Vieo 443.0 Te—ci (77), On-n (23) oop ring distortion
Véa 644.3 Be-ci (79), Sv—n (12) in-plane ring distortion
Vo 649.5 Be-c2 (89) in-plane ring distortion
V4 692.5 Te—cs (60), Oc—n3 (10), Oc—n4 (10), Oc—u;s (10) oop ring distortion
Vi 759.4 Te—c3 (52), Oc-n4 (17), Oc—ns (11), Oc-ns (11) oop ring distortion
Vioa 869.4 Oc-15(33), Oc—n3 (32), Oc—n2 (17), Oc-nus(17) C—H oop bend
Vio 947.0 Oc-12 (36), Oc-16 (33), Oc-us (31) C—H oop bend
Viza 987.4 Oc-116 (33), Oc-n2 (30), Oc—n3 (19), Oc-us (18) C—H oop bend
Vs 1000.0 Oc-14 (43), Oc-15 (29), Oc-u3 (28) C—H oop bend
Vi 1007.8 Ssa (17), Sas (17), Sis (16), Sas (16), Sia (15), Sse (15) ring breathing
Vi2 1042.9 Be-cs (91) trigonal ring breathing
Visa 1064.3 Ssa (17), Sas (17), Si2 (14), Sis (14), Be-us (15), Be-us (14) C—C, C—N stretch
Visy 1067.7 Sz (18), Sse (18), S54 (9), Be-na (13) C—C, C—N stretch
Vis 1154.1 Be-na (35), Be-us (21), Be-us (21) C—H in-plane bend
Voa 1205.3 Ben2 (21), Beong (21), Beons (14), Beys (14) C—H in-plane bend
Via 1257.9 S12(29), Si6(28), Ss6 (13), S5 (12) C—C, C—N stretch
Vs 1349.8 Be-nz (33) , Beons (33) , Be-na (12), Be-us (10), Be-us (10) C—H in-plane bend
Vioy 1447.6 Be-nas (18), Be—ns (13), Be—ns (13), S5 (16), Ss6 (16) C—H in-plane bend
Viga 1475.3 Be-n6 (21), Be-nz (20) , Beus (15), Beous (14) C—H in-plane bend
Vs 1571.2 Ssa (25), Sus (25), Si2 (10), Sis (10), Be—ws (15) C—C, C—N stretch
Vsa 1605.3 Ss6 (24), Sz (23), Be-ci (9) C—C, C—N stretch
Vis 3063.7 Sio (64), Sss (17), Ss.0 (17) C—H stretch
Vo 3077.1 S:s (46), S50 (44) C—H stretch
Vaa 3083.1 Sio (34), S50 (28), S35 (24) C—H stretch
Vaoo 3097.9 S27 (61), Seui (28) C—H stretch
V2 3100.3 Seu (60), Sz7(25) C—H stretch

* Wilson notation, see Refs.30,31. v: frequency. T: torsion; O: out-of-plane bend; B: in-plane bend; S: stretch. Tc—c i =te123—trsasttas6—tssi2,
Te-cr=—tora3t2tnsu—tras—traset 2tesei—tseia, Teocr=—ternsttiori—torssttrase—tosetHsers, Beoci=2D612—bias-brsst2sas—bassbser, Beocr=bias—byst
buss=bss1, Beoc3=bs12=bi2stbrs4—bsastbiss—bssi, Ox—p: N—Pt out-of-plane bend; Oc-y,; C—H out-of-plane bend at the C atom numbered ».
Sx—r: N—Pt stretch; S,..: stretch involving the atoms numbered n and m. Bc—u,,: C-H in-plane bend at the C atom numbered 7.
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C —H Il N5 1 7Ea-pyl-Pt, 1 F DTk /N T-7E Py-Pt,



No.4 I TP LD 4R AR TH - IE FE (1 3R Bl 6% 22 ) 787
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Table 5 Potential energy distributions (PED) of selected vibrational modes of a-pyl-Pt,
No.* ¥/em™ PED Assignment
409.3 Te-ci (589), Te-c2 (30), Tr—c—n—n2 (11) oop ring distortion
460.5 Tec-c2(49), Te-ci (30), Tr—c—x—ri (16) oop ring distortion
Vea 653.6 Beci (72), Sx—w (12) in-plane ring distortion
Ve 691.0 Be-c2 (69), Sc-rn (13) in-plane ring distortion
Vs 716.0 Te-c5(96) oop ring distortion
Vi 746.8 Oc-u3 (36), Oc-na (24), Oc-us (15), Oc-na (13), Te—cs (11) C—H oop bend
Vioa 867.0 Oc-ns (48), Oc-n2 (20), Oc-n3 (20), Oc-n4 (12) C—H oop bend
Vira 949.3 Oc-u2 (64), Oc-u3 (28), Oc-us (8) C—H oop bend
Vs 990.2 Oc-n4 (56), Oc-ns (29), Oc-us (15) C—H oop bend
Vi 1002.5 Si6(22), Si2 (12), Ss6 (12), Be-c3 (19) ring breathing
Via 1039.0 S34(36), S25 (10), Be—cs (22) trigonal ring breathing
Visa 1059.5 Be-cs (43), Sis (15) in-plane ring distortion
Viso 1115.3 S>3 (18), Sus (18), Be-ns (19), Be-ua (12) C—C, C—N stretch
Vis 1156.6 Be-14 (36), Be-us (27), Be-ns (14), Sis (9) C—H in-plane bend
Via 1227.6 Sss (35), Sis (26), Si2(9) C—C, C—N stretch
Vou 1261.7 Be-n2 (28), Be-ns(25), Si2 (35) C—H in-plane bend
Vs 1410.9 Be-us (27), Be-na (27), Sse (13), Si12 (12) C—H in-plane bend
Viga 14332 Be-na (35), Be-ns (23), Sus (15), Si6 (10) C—H in-plane bend
Ve 1536.8 S34 (38), Sis (9), Be-ua (13) C—C, C—N stretch
Via 1579.4 S25 (30), S5 (20), Sse (10), Be-uz2 (9) C—C, C—N stretch
Vi3 3054.2 Sis (85) C—H stretch
Vi 3072.7 S27(65), Si5 (29) C—H stretch
Voo 3083.1 Ss.0 (84) C—H stretch
V2 3088.8 Sis (58), S27 (28) C—H stretch

* Wilson notation, see Refs.30,31. The two vibrational modes without numbering result from coupling between vi¢, and vig. T: Torsion;

O: out-of-plane bend; B: in-plane bend; S: stretch. Toc~—pyi=tisi1-2=te1112-1 26— tizrs11, Tecon—ra=tirss—t611, Sc—p: C—Pt stretch. Te—c, Te—cp,

Te-c3, Be-ci, Be—ca, Be—c3, Oc—tiny Sx—pt, Sums Be—na, see Table 4. The values of potential energy distribution are listed in the parentheses.

#; C—C Al C — N H 45 7E a-pyl-Pt, ) vs i ) 4 Hh
DTk, M LE Py-Pt v, I A LT3 DTk

X T o-pyl-Pt,,, FATT A2 EL 5 AN IX R HEAT 1 8.
FEARAX. 350-500 cm™, (X A7AE P AN 1T BE (1) 11 Ah i
B Bivie M vig,. 7E Py-Pty Hvie, 5 Z2 HH HLFE AL BR Te—cs
DTHR, 1T vie 1 FH L ARAR Te—ca DR, Py-Pt, (11X
PR R ST S A 53 73 2T 385400 F1425-445
em. R Ay R B o= I I 55 B8] 6 R P B AR, viea 5 vian
T¥) P AH EL R 25V T 5 20LE a-pyl-Pt AN E SR )
(1) PED ) 4 Te - co Bl Te - o 1 3% [A] 53 #R. [5) 1,
o-pyl-Pt,, 11X P A S AR X T Py-Pt, & A2 T B 2
Ml A%, Hoor 5 4 405-420 cm™' f 460485 cm™'. Jit
TF-LL AT, FATTIA R 7E 460-485 cm™ X [8] i viq 9%
Bl s o-pyl-Pt,, [RIRFAE 4R 2y, (H 2 % IR BN E I 2041 5
FE#E/N2.5-5.5 km - mol™), H.ZT A 1% sz i wfi: LA
AR DX 1) BE AT 63 A0, PR, %0 04 R 3 T 52
6 b 0 T A2 A5 A7 1 B B 1) oL

FERE B A X 8] a-pyl-Pt, 45 = ANEFAE LA

B Visos vs Tl v, FL T v, 48 B0 A5 (1 T B4 e A T
1115-1130 cm™. £33 1, a-pyl-Pt, vis, [ 71 2L 51
PR FE R K, A 18.4=21.7 km - mol™'. £E Pt(111) & T,
Haq 5 King’ 7E# & T 51 42 300 K FF45 B0 T A 2145
SR [ 2T AR I 1105 em™, 1 £E R L6 78 55 FE R AE
1100-1200 cm™" A2 A WLl 1) 21 41 3 0. 31X 32 W 71 Pt
PRI VR A A1 W PRI I 2 46 Ay - MEE I 2 1) J
V.

T4 a-pyl-Pt,, vs 3R B (K 452 47 T 1410-1420
em™, FATAMSREE O 14.7-31.5 km - mol ™. I I 2
o-MHEIE BE PR AE 21 AR, 8 S0 P v, mbg e I B
T PULID)ZRIHIIN, 43 Ty %2 300 KIS, 405050
B R LT B R K 1408 em™ U4 2 [FAE, 7F PYSIO,
F M LEAM RIS S50 v, I E] 1410 em™!
T, K A R B Y oL i A

PEAR T o-pyl-Pt,, ve & 2N 12(1535-1547 cm™)
RS L ANIRIE, 24 30.8-37.3 km-mol (& 3). i%
U 5 PSR T S IR A% . BUARTE Pe(111) 3R [ 5 7
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Fig.4 Comparison of simulated Raman spectra of Py-Pt, and a-pyl-Pt,,

Here the non-resonance Raman spectra were calculated with an excitation wavelength of 514.5 nm and the vertical axis denotes
differential Raman scattering cross-section with the unit of cm’-sr”, in which sr is the solid angle.
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Pt/Si0, 3 [ 341\ Jg 4775 a- ML e 5, {HL BT W00 1 21 ok
JEUE BH AN [A). 224 npk e W BT PY/SI0, 3 1 I, WL 5%
BT oK H a- M mE L 41 A0 3% 06 1536 cm™,* {H A
Pt(111) 3 [f, 49 FE T i 2 5 34 AR W 4% 31 1% 1%
e X 22 AR T BE A SR THI Y FL U 1) 5 4 TR 5))
BRI AR AR AE (19 77 ) A — U S 301

5 B R B8R a-pyl-Pt, v, (15751585
cm™) 5 Py-Pt,, ve, (1560—1580 cm™) i) T 525 4 A 22
ANK, AH Py-Pt, v, [T 5 21 41 58 J&E B /) (<0.6 km -
mol™), J; 3 LA 21 40 i I sz 86 b 34T 000, i
o-pyl-Pt,, v iR B EAT BRI T 5L L0 A1 8 52 36.9—
61.4 km-mol™' (¥ 3). ELL 4N G S8, £F 85 KA
56 B I AE 15501585 em™ X JR) A 0L I #1455 45, {H
LT R 42 300 K AL £] 1568 em™ 16

ZE LTIk, AR W B PR T R 204N i
1, E7E 1115-1130 em™. 1405-1420 cm™ . 1535-1550
em™' } 1565-1585 cm™" H B 0, U mJ A 4 Pt 1

Ho-MEWEFEAFTE.
3.3 Py-M,5a-pyl-M,, (M=Pd, Rh, Ni) 8443 {F i& g
T PR ILIE P 3 I A o A AN [ <6 J R 1
FIRFAE, FATTE T T Py-Pd, Sa-pyl-Pd,. Py-Rh, 5
a-pyl-Rh,, LA & Py-Ni, 5 a-pyl-Ni, 44 2 (40 A 45 # A
ZLANDA Kb 2O AE T B P A 1 R BR F ML AR
13 B 1R D 27 e AE -5 450 FH A8/ 4 7 N R AL, B
DL BATXEAERK 6 B S P AL H T Py-My 5
o-pyl-M. (M=Pd, Rh, Ni) [ 715 45 . il i #5545
5 Sk ] e LB A A, A5 T AR IX S A
I A7 A5 3 P P B A i F % 22 AR A, IR el
PLRIAMEE R &y T L 7.
T4 @ P 22 5, e K a- R E 2L 5 P,
Pd,.Rh,, ¢ Ni, 1 &I H GRS R AE A BT AN ], AA
I 7 2AE PdRh A Ni KT, FIBIERE 731 S a-E e
FEAFAE (O 2 S 5 A8 Pe A B 22 9. i, 5
a-pyl-Pd, M a-pyl-Rh,, L5, a-pyl-Ni, (K ve, 3 2 455

%6 Py-M.Ka-pyl-M, (M=Pd, Rh, Ni)8J#Esh30Z (cm™)i+ E &
Table 6 Calculated vibrational frequencies (cm™) of Py-M, and a-pyl-M, (M=Pd, Rh, Ni)

No.* Py-Pd, (2s+1=3) o-pyl-Pd; (2s+1=2) Py-Rh; 2s+1=1)  a-pyl-Rh;(2s+1=2) Py-Ni, (25+1=3) o-pyl-Ni; (2s+1=4)
Viea 382.6 403.4 387.1 410.9 384.6 400.9
Vigs 4239 458.6 437.7 470.0 421.9 4452
Vea 627.4 628.2 626.9 640.8 634.2 650.0
Ve 651.9 693.1 651.5 692.4 651.8 679.1
Vi 692.8 713.5 692.4 718.9 687.6 722.2
Vi 745.5 744.0 751.2 743.5 743.0 750.5
Vioa 872.0 868.8 869.2 864.7 866.6 875.4
Vios 937.1 934.0 927.1

Viza 978.9 946.5 979.0 943.6 973.7 943.4
Vs 993.0 980.6 991.4 978.4 985.9 982.6
Vi 1005.0 988.8 999.5 993.6 1000.7 998.0
Via 1032.5 1035.8 1032.7 1036.3 1037.9 1041.0
Viss 1064.5 1099.3 1062.5 1063.5 1065.7 1096.4
Visa 1067.9 1072.7 1065.8 1103.4 1061.6 1054.5
Vis 1152.3 1151.9 1150.9 1152.2 1151.5 1154.0
Vou 1210.5 1260.3 1206.0 1261.7 1203.8 1258.7
Via 1260.9 1250.0 1260.2 1236.0 1262.9 1212.2
V3 1353.1 1407.2 1350.9 1409.3 1354.3 1409.2
Vioy 1446.1 14442 1444.2

Vioa 1479.4 1438.0 1476.7 1431.8 1480.3 1434.8
Vi 1578.7 1551.0 1571.6 1544.5 1565.2 1540.8
Vsa 1602.5 1564.4 1599.2 1567.9 1597.1 1579.9
Vis 3057.4 3049.7 3050.1 3046.8 3054.2 3036.4
Vi 3062.9 3059.9 3059.5 3057.3 3062.7 3043.4
Vapa 3071.9 3068.2 3073.2

Vao 3079.9 3071.0 3077.0 3067.9 3080.9 3055.8
V2 3085.4 3080.3 3083.2 3081.3 3086.6 3075.0

* Wilson notation, see Refs.30,31. The first two vibrational modes of a-pyl-M., result from coupling between vis, and Vig.



790 Acta Phys. -Chim. Sin. 2011

B
]
>
‘@
| =
2 o)
£ =
o
}'g 3 — Py-Pd,
500 + > a-pyl-Pd,
1600 1400 1200 1000 800 600
Vliem®
2 ©
100 +
]
a 200‘
> 0
= L ]
g wof || ] g
£ 400 r S’__ % ; =7 o
@ 2 |2
500F 3 |3 —— Py-Rh,
S =g a-pyl-Rh

L L L L L TR —

1600 1400 1200 1000 800 600
7/em’

Intensity /(a.u.)

— PyNi,

a-pyl-Ni,
600"

1600 1400 1200 1000 800 600
vlem’

Vol.27
1.0 Yy

(4) 1005.0 —— Py-Pd,
__os} a-pyl-Pd,
&
E 08} Vea

& v, 1602.5
g

2

5

=
;9

600 800 1000 1200 1400 1600 1800

vlem’

4r Y — Py-Rh
5 4
(5) 999.5 a-pyi-Rh,
&~ 3 Vea
@
E
S
’:::' 2 vﬁ-\
% 626.9
[=]
o
SOl
=

0 'l L e L L e

600 800 1000 1200 1400 1600 1800
/em”
V'!z
® 4l 1597.1
—— Py-Ni,

e a-pyl-N
5 30t ey,
c 10007
L.
S 20k 12038
2
> ]
2
%, 10+ 6342

U A

1000 1200 14{}0 1600 1800
V/cm’

E5 Py-M.5a-pyl-M. (M=Pd, Rh, Ni)it HLIIMN(1)-(3) R AL 8 (MR KN 514.5 nm, (4)—(6))iEE AY tLEL
Fig.5 Comparison of simulated IR spectra ((1)—(3)) and Raman spectra (excitation wavelength: 514.5 nm, (4)—(6)) of
Py-M. and a-pyl-M. (M=Pd, Rh, Ni )
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1605 cm™) AN GEAR 4 #h 43 #E. ALtk A7 T 15901605
em™ [ £L ARG IE AN BEAE 4 Ni R THI A7 75 N 3iig W B )
NEE e (1 4 T A . AELA: T Py-Ni,, v (19 V1 507 2 1
SR P38 KT a-pyl-Ni,, v, BT LA, 7T 1590-1605
em™ [ 7 2 5 AT AT A Dk NT 2T A7 70 N g W B 1)
ML IE PR 4 DR K

¥ LR SR T4 AT UUEH, EiX 474
JB R 1M, H5 BE T HE W 3R T R e i e, B 1 Ak ik
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) 3 [ A 4
3.4 FWrREFEa-MIEE R HEIKRIE

PL e A T 5 8 Jd A FH (e R a- P 356
() 4 3l A5 1) 22 Bl kE VE 40 5 B Py-Ma 5
o-pyl-M,, ITHER AL ARG, IF 5 95 35 E EL AR, 3.
AN R BAR U s mT A Ay A e 3 T 420 e 1 iy B A4 9
XL BATEZLLL Py-Pt, S a-pyl-Pt, A B AT IS,

7E 1220-1280 cm™ X 3, a-pyl-Pt, 1 vi (1225-
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%7 Pt, Pd, Rh, Ni REFFEMLE S FSa-MtBEERY
FHESZE (ecm™)
Table 7 Characteristic frequencies (cm™) of adsorbed
pyridine and a-pyridyl on Pt, Pd, Rh, Ni surfaces

pyridine a-pyridyl
Pt IR Vioa 1465-1485 Vis 1115-1130
Vsa 1595-1610 V3 1405-1420
Vs 1535-1550
Vsa 1565-1585
Raman s, 1195-1210
Vsa 1595-1610
Pd IR Visa 1470-1480 Viso 1095-1105
Vsa 1590-1605 V3 1400-1410
Vs 1545-1555
Raman s, 1205-1215
Vsa 1590-1605
Rh IR Vi 1465-1485 Vis 1100-1115
Vsa 1590-1605 V3 1405-1410
Raman s, 1190-1220
Vsa 1590-1605
Ni IR Vis 1465-1490 Viso 1095-1100
Vs 1405-1415
Raman s, 1190-1215
Vsa 1590-1605

1) £ A1 58 2 3 59 4 6.9-12.3 km - mol™ F19.7-23.3
km-mol™, Tf] Py-Pt, [fvis (12501265 cm™) {1 71541
HNERFEAY A 0.1-2.1 km-mol™ (K 3). it & 4R 5
TE PH(111)2 [H1 1) S 560 45 ARV 4, BIAE 300 K 41
A B R OUN F] 1223 F1 1252 em-! B AN 5 (1) 21 46
T, 330K H a-MEmE . DRk, T P A 3l U ] ) H 3
] 5 Bh J B Pt 2R 1 A7 7E - PE W JE. E 1% 30k $5 X [,
Py-Pd, 15 a-pyl-Pd, LA & Py-Rh, 55 a-pyl-Rh, [{] i1 5L
g5 15 PR RAL(ELS).

V5 2t R 2R W Py-Pt,, vie, Fl a-pyl-Pt,, vie, % Bl 15
() 40 % 43 ) A7 T 1445-1450 cm™ A1 1430-1440
em™, ‘AT U E LN 98 B 4 il Ok 24.8-30.7 km -
mol™' F168.2-95.9 km - mol™, @ A8 K 4L
AR (1] 3). PRA 3K AR Bl 0 30 AH 22 L), # AE
2L AN B A sl A T 1445-1450 em™' B 1430 -
1440 cm™ ¥ 35 0, JUJAS 57 4 i 2 THI W B 0 b {H 2
HEEL U e U BT P/Si0, R TR T, 45 [ I HY B
T 1445 51431 cm™ AN 0, AT LLIA A ORI A
1T AT e[S AE AN A A, B L N i W B (bt g
Flo-niE g 3.
3.5 #f SERS K it A2l & 8 R A a-MitiE

EWEH

ML MR B T Pt AR A T A £0 40 il b AN
T b & a-ME e SEA7AE 1 1 06 1565 em ™, i HIIL T
1478 55 1599 em™ i U6, J5 Py AN i U 26 W 3 T A7 11 LA
N i W% B e e 43 1. Rk, FE AR 2 AR AR,
1£-0.4 — 0.4V (vs SCE)HLAL X [, 71 Pt LAl 10 |
I [5] BF A7 AE E O P Rl e T PR A Fh. FE R 2 i
SERS 5L 564045 it K H () W47 /&£ —0.2 V (vs SCE),
1% Pt FLAR 2 [ ] B8R [ I A7 AE IR B AN,
Y1 M bb 5 S 86 SERS 1 AT ER S T 45 0 TRATT RN,
X F 1568 cm™ SERS i e, SCHR e UH I by ik i
IF T 1 ve I B AL AH A, R AT O A5 A
a-pyl-Pt,, v, [ BT 2 HU A7 18.5%107-25.8x 107
nm' - amu™' Z [, [l Py-Pt, v 1) 0.8x107=14.7x10™"
nm*-amu™' B K, K, 1 SERS #EIAE AT Gk H To-
MEEHE 35 ) v AN T, FRATT ¥ 27 SE 56 SERS %
B H B a-pyl-Pt. 5 v R BN BLR AT AT B2 HU A
TR Ve .

TH 5 g5 B3R W) Py-P, (1) B IR 2 3 5 SE a0
SERS 1% I AHW) A5, 31X i B AE SE 50 45 10 K, AT
7E-0.2 'V (vs SCE) I, Pt HEL A% 3R [ 47 75 N i 15 3K [
VEF IIIEIE 73 1. 5 Py-Pt, L, a-pyl-Pt, (K3 2
SR AR, Q1 Py-Pto vy 1 37 2 8505 R 1 76 173.4%
10-815.1x 107 nm* - amu™" ¥t [l P, 11 a-pyl-Pt,, v, ]
A 77.1x107-175.2x 10" nm* - amu™', 7E a-pyl-Pt,
i, ERIFIR R B (v) A2 B 2 U DR 1 K R 4R Bl
XN Py-Pt,, v IR H7 5 BUR PA 7 37.6x107-293.5
107 nm* - amu™ Y6 [ P, T a-pyl-Pt, ve. [ 1Y 4 6.2 %
107~18.6x10" nm*-amu™". X 3 Fa-pyl-Pt, (K15 s
2 UM 1 (DRSC) A /)y - Py-Pt,, 1. 5 AT 401,
LEILAT (1) SERS W U4 IE 1, B 1568 em™ H] fig 5 o-
e 5L A7 G4k, HoAth ok [ a-nbwe 5 (1) SERS 47 2 {5
TR P F. X 3 E BT a-pyl-Pt, [FRRAE 3R
SRR 7 2 % PR AL AN T Py-Pt, 1), LLELC T a-nib i
L ) vl W HE 5 A S B e E D e B 2 A
S,

Ll 5 B8 V1 S I A oL I 3£ 0% BT~ P, Rh,,
AN % 4 =00, 25 B Py-ML,, I3 7 2 15
SR ZE L o-pyl-ML, K AR 22, 1 A 38 76 21 406 i
SEJE AT AT R, DR MR Ok 9 B 1 2 R 3R
TERH I ) 2 TR BRI R ISE, 20 Al i 1 EL R
.

R 2 T 5 21 A0 S s AE S L e I Bt T Pd R
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551550 o™ i 06, B AELE PR bR A R I E 231
1) 1475 55 1594 em™ 514 X K WHAE-04 - 02V
(vs SCE)HLA [X [11], Pd HL % 2 1 [ I A7 75 E R A
Yifh. BUR, SCHR AN 1403 em 3506 AT g R U5 Tk
PR AR 2% I, (R 3 BRATT I BB 155, ZEAN ST N4 I
(R AIF 5 A4 58 th 20k U6 v 48 A A oL E S 1) vs 3R )
5. Fang 56 UL Au@Pd 44K ki 1-1F & SERS 2EJi%, ik
I A 5K TR HL TG 32 B 5 RN K 4 vy P 2 T W
YIS S, RS 2] T ke 4> 1 1 SERS 5 5,
B AU R K H - e 5L ) w0, ml WL, A Av@
Pd 4K 7155 K I LR 37 184 5 AT AN A2 LA I 31 Pd
Kl o-nkhe F 5910 SERS 5 5. ML 2 R, & @4 5
B A SR AR BL, 782006 X B AT S SR IR 2R s HL
58, HAE Cu(001) K I A R IE A H STM 42 bk il
FEL Y T 75 3 R PR IEE I 2 A g -l i 3. K] B vT B A
) 2 1T 5547 R T FH SERS S HE W 3] - bk i i

4 & it

A SCR I 2 R PR HT T T e M a-Pi e 5k
T 4R b B S A PR B 1. TR
SERL M, FRATAF 20 T nteme W BT Pt.Pd Rh
Ni VU b 4 Je8 R THT IS, ) W7 36 88 o 1 e B 4 ol 1) 2%
I 0% 27 A Al L rp DAN g W B (g ke v 43 7, SR
P FILL AP T S84 R T WD LA 2 1% 06, 1y
X Ta-MEmE KL, ARG B A SR I A X R 22
T 5 Py-M, M L, a-pyl-M,, FIH7 2 3% AR /N, XA
IR % % 36 47 AE T Pt Pd. Rh T Ni DY Fh 4 g . ix
2 R BT K 1K) SERS DG 3 of bk e 26 171 W bt &5
A B AIE 7, AELATS AR 2 38 - WL e 2 1) SERS 15 5 1)
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