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Theoretical Study on M olecular First-order Hyperpolarizabilities
of A cridine D erivatives

Shao Zhya Zhu Xiaolej Q ian Xu

(College of Chemistty and Chem kalEng neering N anjing Unwesity of Technology, Nanjing 210009 China)

Abstract The stuctures of acrid ne derwvatives are optm ized at theH F/6— 31G(d) lkvel The first hyperpolarizabilities
of these molecu ks are calcu lated at the CAHF/6- 31G (d) kvel It is found that the electror-donor substituents atta
ched to 4— position on benzene ring and the electron-acceptor substiuen ts attached to 11— positbn on another benzene
ring is favorab ke for ncreas ing the first hypepohrizab lities of acridine dervatives The results demonstrate that the kinds
of donor acceptor substituents on benzeng HOMO — TUMO energy gap and bne-pair electrons of N, atom have signifi
cant effects on molecu hr first-order hyperpolarizablity On the other hand the acriine derivatives are new NLO m ater+
alsw ih good visble— transparent and them al stability
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Fig.2 The molecular structures of acridine derivatives
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Table2 Them axinun absorption waveleng hs of the Table3 Them axinum absorption waveleng tis of the
molkculks of Series1 and Series3 molkcuks of Series2 and Series 4
1 3 2 4
R R
Mo BN M B/ Mo BN M B/
SCH 5 236. 9 0. 11 234. 3 0. 10 F 246. 5 0. 05 249. 3 0. 05
H 237. 6 0. 15 236. 0 0. 12 Cl 252. 3 0. 06 247.9 0. 06
OH 238. 5 0. 15 234.°5 0. 12 CF; 244. 3 0. 10 246. 6 0. 9
OCH; 240. 7 0. 18 236. 9 0. 16 CONH , 260. 4 0. 14 254.0 0. 12
NH , 241. 8 0.23 039. 5 0. 20 CN 257.7 0. 15 251. 3 0. 14
N(CH;), 42. 8 0. 24 249. 8 0.3 COOH 22. 5 0.16 256. 3 0. 15
NHCH 4 260. 6 0. 27 250. 8 0.29 COCH 5 264. 2 0. 17 260. 7 0. 15
CHO 266. 9 0. 18 263. 4 0. 17
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Fig.3 Plot of B against 3 o for the molecules of Series 2(left) and Series 4(right)
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AE - 0.96, AE , B 4 5 7
, AE , B
4 1
Tablk 4 Physical properties of fhe molecules of Series 1
R o) B AE Ag(NO,) Aq(R) Ag(N) Aq AE o
SCH 4 533 27. 07 8. 95 0. 027 6 - 00127 0. 059 1 0. 0914 66 47
SH 515 34. 95 8. 96 0. 0262 0.0180 0. 0527 0. 1064 66 35
OH 563 35. 74 9. 07 0.0328 - 00153 0.0755 0. 2079 66 23
OCH, 765 44. 17 8. 82 0.0325 - 00101 0.074 4 0. 2150 70 02
NH , 7. 87 54. 81 8. 85 0.0352 — 0 0086 0. 079 6 0. 2523 68 26
N(CH;), 7. 46 58.93 8. 90 0.0332 - 00138 0.0740 0. 2508 66 43
NH CH, 8 49 71. 48 8. 65 0.0323 0.008 7 0. 0719 0. 2865 48 02
( :Aq ,u Debye B 10 Yesy, AE eV, )
5 2
Tabk 5 Physical properties of fie molecules of Series 2
R I B o AE Aq(R) Aq(NH,) Aq(N) Agq AE\po
F 3.50 13.33 0. 72 8. 98 0. 0037 - 00033 0. 064 8 0. 1806 60. 06
Cl 4.19 16. 15 0. 81 8. 98 0. 2549 62.46
Br 4.22 17. 96 0. 83 8. 96 0. 2847 62. 64
CF; 5.17 24. 14 1.1 9. 09 0. 008 2 - 00053 0. 076 4 0. 2897 64. 08
CONH , 3.14 35.23 8. 97 0. 008 9 - 00067 0.076 1 0. 3003 66. 19
CN 7.30 38. 84 1. 27 8. 90 0. 006 5 - 00067 0.0770 0. 3075 66. 33
COOH 3.43 42. 64 1. 01 8. 96 0. 010 0 - 00068 0. 078 6 0.3241 67.51
COCH 4 3.54 44. 64 1. 04 8. 90 0. 004 1 - 00071 0.076 1 0. 1806 65.03
HO 4.50 48. 67 8. 83 -0.017 -00073 0.0770 0. 2549
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Tablk 6 Physical properties of tie molecules of Series 3
R u B AE ag(NO,)  Ag(R) Aq(N1)  Aq(N8) A Mo ()
SCH 4 5.36 22. 57 9. 02 0. 0150 0. 0156 00167 -0.0387 0.0128 127. 56
OH 6.34 28. 53 9. 09 0. 0285 - 0.0094 00434 -0.0075 0. 0832 128 11
SH 4.94 28. 59 9. 00 0. 0151 0. 0320 00212 -0.0417 0.0111 62.15
OCH, 7.40 37. 96 879 0.0191 0. 0190 00340 -0.0482 0.1575 103 15
NH , 8.22 48.79 8.77 0. 0223 0. 014 4 00412 -0.0554 01891 199 12
NH CH, 8. 89 67. 06 853 0. 0225 0. 026 1 00421 -0.0616 0.2133 102 39
N(CHj3), 9. 05 73. 28 853 0. 0231 0. 26 0 00413 -0.0556 0.2872 190 44
7 4
Tabl 7 Physical properties of fie molecules of Series 4
R u B =0 AE Ag(R)  Agq(NH,)  aq(N1) Aq(N8) Aq AENgo ()
F 3.64 13. 04 0. 72 8. 86 - 0.0032 0.018 8 0. 027 1 -0.0338 0. 0710 100. 25
Cl 4.29 13. 78 0. 81 8. 85 - 0.0062 0.0177 0.0324 -0.0401 0. 1259 101. 11
Br 4.28 15. 03 0. 83 8. 83 0. 1417 101. 16
CF, 5.32 22. 67 1.1 8. 96 -0.0025 0.017 4 0. 036 7 -0.0487 0. 1677 102. 47
CONH , 5.30 31. 65 8. 86 -0.0030 0.0149 0. 0386 -0.0430 0. 1740 100. 89
CN 7.66 35. 06 1. 27 8.79 - 0.0027 0.016 1 0.0393 -0.0492 0. 1835 101. 12
COOH 3.91 38. 85 1. 01 8. 86 - 0.0028 0.0150 0. 0409 -0.0467 0. 1925 101. 53
COCH 4.53 40. 09 1. 04 8. 81 - 0.007 1 0.0137 0.0403 -0.0416 0. 2067 100. 36
HO 5.29 44. 16 8. 74 -0.0115 0.0139 0.041 1 -0.0436 0. 0710 100. 48
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Fig.5 Plot of B against the charge transfer(Ag) for the molecules of Series 1(left) and Series 3(right)
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Fig.6 Plot of B against the charge transfer(Ag) for the molecules of Series 2(left) and Series 4(right)
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