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Effect of Solvent Polarity on The Electron-phonon
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Abstract; The relation between electron-phonon coupling constants with dimension and Huang-Ryes
factor is easily established as we reference the electron-phonon coupling constants. Then we work out
every C-C bond vibration mode of electron-phonon coupling constants of carotenoid. The UV-Vis ab-
sorption and Raman spectra of B-carotene in polar 1,2-dicholoroethane and nonpolar cyclohexane
were characterized at the temperature range from 20 ~ 60 °C. The results showed that the Raman
scattering cross-section for C—C bond of B-carotene in polar solvent 1,2-dicholoroethane is small,
Huang-Ryes factor and electron-phonon coupling constants are larger than those in nonpolar solvent.
The experiment phenomena were explained by Onsager solvent effects theory, effective conjugated

length and coherent weakly damped electron-lattice vibration.
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Table 1  Electron-phonon coupling constants in different temperature

AR A RN IR O W 1,2-— 5 O b
BE/ C—CHA®EH BE/ C=CHEG¥H BE C—CHREEH BE C=CH&eFi
C em ™! C em™! C em™! C em ™!
20 1 286.635 20 1729.479 20 1 484.222 20 2 129.081
25 1294.371 25 1 798.740 25 1 549.923 25 2 204.768
30 1 300.292 30 1 801.025 30 1 566.954 30 2 223.338
35 1 300. 609 35 1 801.884 35 1 578.029 35 2 241.619
40 1310.678 40 1 810.916 40 1 603.028 40 2 270. 149
45 1311.744 45 1812.025 45 1 622.443 45 2 283.620
50 1312.305 50 1 814.004 50 1 630.768 50 2 340.623
55 1315.093 55 1 836. 165 55 1 651.865 55 2 343.294
60 1317.073 60 1 837.170 60 1 663.403 60 2 356.779
3.3.3 a5t PR RN m PR B R, A RN

WP Z R o TR D, s i 2
[i] VA5 7 =2 1) B 391 5 0 I [ i 4 7= A A [ ) 4
FRIAHEAEH 1, X EAE I — B & @B
1A AN A i e ot o e 7 N i 7 e = M R N £
PIEE e Y, Bl SN AR B TR AR AL,
IXUEAE FH 7 A ER 2 B 2 AR, 7R S TR
FVERF BB 4y F 0 o IR SRS gl i 2
RAETTMEZ, B IS N EE MRk
T, Bl C—C f C=C 8 BHA M, X4
SR P Wt T RERK CE R, A3
BT R RN, m BT B R, X S Y R
A B C2APE I, s WG AR B, B S
ARG

MR TSR AESE R, B o i
B 5 BB REAG SCIE 0 B AR TR R AN
A, WS IRFA I A R AR L, i g i
NERTBISE A PR, R B e bR
IO et oo F a5 TP R80T A %L

Z £ X #:

f R -7 TR /DN, PEREAT AR5 O A T 55 BELJE IR
B A AL S AU RO, T B BT b
RN 1,2 “ Rl O heh ik, AR 12
[ 8 J3 45 95 =2 ) B8 AR AR AR TR
ENTTE g W MR TEA P2, dEm
7 A RGBS B i B R
AP Y LR RSO, AR A T 55 L
TR IR SRS | DA HA S U B RN

4 % #

B W% N E > TAERR P LA R S
TEMATFREA K, T AR o 71 1)
YR | B AT 5 A PP, AT A 2
IR R, w 7 B L R R, B - TR
B/ L R S e BT AR s AR S A
TERAE IR i L S SR I B W S &R
THA PP AR 25 A R B /N L TR
SEBH, - TR R f R iR 2E

[ 1] Qian P, Saiki K, Mizoguchi T, et al. Time-dependent changes in the carotenoid composition and preferential binding of

spirilloxanthin to the reaction center and anhydrorhodovibrin to the LH1 antenna complex in rhodobium marinum [ J].



1378 S A R 5534 %

Photochem. Photobio. , 2001, 74(3) :444-452.

[ 2 ] Luer L, Manzoni C, Cerullo G, et al. Intra-chain exciton generation by charge recombination in substituted polyacetylenes
[J]. Chem. Phys. Lett. , 2007, 444(1-3) .61-65.

[ 3] Zhao X H, Ma F, Wu Y S, et al. Ultrafast internal conversion and vibrational relaxation in singlet excited-state all-trans-
B-carotene as revealed by femtosecond time-resolved stimulated Raman spectroscopy [ J]. Acta Phys. Sinica (#1325
&), 2008, 57(3) :298-306 (in Chinese).

[ 4 ] Johansson E M J, Edvinsson T, Odelius M, et al. Electronic and molecular surface structure of a polyene-diphenylaniline
dye adsorbed from solution onto nanoporous TiO,[J]. J. Phys. Chem. C, 2007, 111(24) ;:8580-8586.

[ 5 ] Widjaja E, Garland M. Detection of bio-constituents in complex biological tissue using Raman microscopy. Application to
human nail clippings [J]. Talanta, 2010, 80(5) :1665-1671.

[ 6 ] Oliveira V E, Castro H V, Edwards H G M, et al. Carotenes and carotenoids in natural biological samples; A Raman
spectroscopic analysis [ J]. J. Raman Spectrosc. , 2010, 41(6) :642-650.

[ 7 ] Niedzwiedzki D M, Enriquez M M, LaFountain A M, et al. Ultrafast time-resolved absorption spectroscopy of geometric
isomers of xanthophylls [ J]. Chem. Phys. , 2010, 373(1-2) :80-89.

[ 8 ] Shimada R, Hamaguchi H O. Solute-solvent intermolecular vibronic coupling as manifested by the molecular near-field
effect in resonance hyper-Raman scattering [ J]. J. Chem. Phys. , 2011, 134(3) :034516-1-10.

[9]LiZL, Ou Yang S L, Cao B, et al. Effect of solvent refractive index on Raman cross-section of B-carotene [ J]. Acta
Phys. Sinica (#¥233%), 2009, 58(10) :6908-6912 (in Chinese).

[10] QuGN, LiDF, Li ZL, et al. The influence of solvent density to Raman scattering cross-section of B-carotene[ J]. Acta
Phys. Sinica (#1225 3k), 2010, 59(5) :3168-3172 (in Chinese).

[11] He Z F, Gosztola D, Deng Y, et al. Effect of terminal groups, polyene chain length, and solvent on the first excited sin-
glet states of carotenoids [J]. J. Phys. Chem. B, 2000, 104(28) :6668-6673.

[12] Applequist J. Theory of solvent effects on the visible absorption spectrum of . beta. -carotene by a lattice-filled cavity model
[J]. J. Phys. Chem. , 1991, 95(9) :3539-3545.

[13] Lee J Y, Mhin J B, Kim K S. Roles of central and terminal carbon atoms in infrared and Raman intensities of polyenes ;
Analysis of atomic polar and polarizability tensors [ J]. J. Phys. Chem. , 1997, 107(13) :4881-4887.

[14] Liu W L, Wang D M, Zheng Z R, et al. Solvent effects on the S,—S, absorption spectra of B-carotene [J]. J. Chin.
Phys. B, 2010, 19(1) :013102-1-5.

[15] Kakimoto M, Fujiyama T. Solvent effects on the absolute intensities of infrared absorption bands and the dipole-dipole
interaction [ J]. Bull. Chem. Soc. Jpn. , 1975, 48(8) :2258-2263.

[16] Tian Y J, Zuo J, Zhang L. Y, et al. Study of resonance Raman cross section of aqueous (3-carotene at low concentrations
[J]. Appl. Phys. B, 2007, 87(4) :727-730.

[17] Rumi M, Zerbi G, Myllen K. Nonlinear optical and vibrational properties of conjugated polyaromatic molecules [J]. J.
Chem. Phys. , 1997, 106(1) :24-35.

[18] Paraschuk D Y, Kobbryanskii V M. Coherent electron-lattice vibrations in trans-nanopolyacetylene probed by Raman
scattering [ J]. Phys. Rev. Lett. , 2001, 87(20) :207402-14.

[19] Gierschner J, Mack H G, Lier L, et al. Fluorescence and absorption spectra of oligophenylenevinylenes: Vibronic
coupling, band shapes, and solvatochromism [ J]. J. Chem. Phys. , 2002, 116(19) :8596-8610.

[20] Renge I, Van Grondelle V, Dekker J P. Matrix and temperature effects on absorption spectra of B-carotene and pheophyti-
na in solution and in green plant photosystem Il [J]. J. Photochem. Photobiol. A, 1996, 96:109-122.

[21] Paraschuk D Y, Arnautov S A, Shchegolikhin A N, et al. Temperature evolution of electronic and lattice configurations in
highly ordered trans-polyacetylene [ J]. JETP, 1996, 64(9) :658-663.

[22] Peeters E, Ramos A M, Meskors S C J, et al. Singlet and triplet excitations of chiral dialkoxy-p-phenylene vinylene
oligomers [J]. J. Chem. Phys. , 2000, 112(21) :9445-9455.

[23] Hagler T W, Pakbaz K, Voss K F, et al. Enhanced order and electronic delocalization in conjugated polymers oriented by
gel processing in polyethylene [J]. Phys. Rev. B, 1991, 44(16) :8652-8666.

[24] Biswas N, Umapathy S. Simple approach to determining absolute Raman cross sections using an optical parametric



55 10 1] TRIEAE, 25 WORRPEXS B A% MR r T oL T TR A 1379

oscillator [ J]. Appl. Spectrosc. , 1998, 52(4) :496-499.

[25] Dudik J] M, Johndon C R, Asher S A. Wavelength dependence of the preresonance Raman cross sections of CH,CN,
SO;™, CIO*~, and NO’~ [J]. J. Chem. Phys. , 1985, 82(4) :1732-1741.

[26] Paraschuk D Y, Arnautov S A, Shchegolikhin A N, et al. Temperature evolution of electronic and lattice configurations in
highly ordered trans-polyacetylene [ J]. JETP, 1996, 64(9) :658-663.

[27] Tubio R, Dordinville R, Lam W, et al. Optical properties and photoexcitation of a novel liquid form of soluble polyacety-
lene [J]. Phys. Rev. B, 1984, 30(11) :6601-6605.

[28] Borges C A M, Marletta A, Faria R M, et al. Vibrational structure of organic semiconductors: The role of conjugation
length [J]. Braz. J. Phys. , 2004, 34(213) :590-592.

[29] Paraschuk D Y, Kobryanskii V M. Coherent electron-lattice vibrations in trans-nanopolyacetylene probed by Raman
scattering [ J]. Phys. Rev. Lett. , 2001, 87(20) :207402-1-5.

[30] Wu YL, LuTY, Sun C L, et al. Effect of molecule polarity on the resonance raman spectrum of caroteniod [ J]. Acta
Phys. Sinica (#1225 3k), 2013, 62(3) :037801-1-6 (in Chinese).





