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Weak Interaction of One-value Ions and Formaldehyde
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Abstract; The most stable configurations of the complexes were optimized by using density functional theory (DFT).
The typical chemical bond is formed between hydrogen ion and oxygen of formaldehyde due to the smaller hydrogen
ionic radius. The values of the dissociation energies increase with the decrease of the ionic radii,and then the charge
transfers from the carbonyl to the ions and partly occupies extranuclear orbital, causing the even distribution of the
charge, which reduces the energies of the complexes. In addition. the vibration frequencies of the complexes were
analyzed,showing they are affected obviously by the neighbouring ions, that the vibration strength of the carbonyl
generally becomes weak and that different ions have different effects on the vibration frequencies.
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Tab.1 The geometry parameters optimized using BSPW91/6-311+ G theory level

/A f /()

R[O1C2] R[C2H3] R[C2H4] R[O1X] /O1C2H3 /O1C2H4 /C201X
[HOCH, J*™ 1.2429 1.0934 1.0905 0. 9807 121. 881 115. 569 116. 797
[LiOCH,]" 1. 2156 1.0993 1.0993 1. 8064 120. 661 120. 662 179. 959
[NaOCH, ]+ 1.2125 1.1010 1.1010 2.1948 121. 004 120. 999 179. 855
[KOCH, " 1. 2355 1.0994 1.0994 2.5693 122.194 122.194 179. 000
eOCH, . 2303 . 0959 . 094 .54 0.603 . 587 55.823
[BeOCH, ] 1.2 1 1 8 1.5471 120. 6 118.587 155. 82
[MgOCH, ]+ 1.2193 1. 0984 1.0983 2.0487 120. 483 120. 412 178. 000

"aOCH, . . 0990 .0 . 280 0. 60 0.585 .
[CaOCH,]" 1.2173 1.099 1.099 2.2801 120. 604 120. 585 179. 644

'H, . 3 . 0949 . 093 .49 0. 856 .163 33.3
[BOCH, " 1. 248 1 1 1 1. 4917 120. 856 117. 16 1 81
[AIOCH, ] 1. 2230 1.0977 1.0977 1. 8791 120. 264 120. 232 179. 551

[GaOCH,]™ 1. 2185 1. 0991 1.0977 2.2373 120. 569 120. 541 179. 637




E?ﬂﬁ*ﬁ 52 EICVE -] Vol.32 No. 1
A 20135 2 A Feb.2013
FiRJ

2.2 EHRRNEMEE
F 2 JRIT AR B Y 25 B RE LB .
[X—C,HO]"—>X"—CH,0 (X REFELAR TSI (D
R 2(DF PR AR T 5 WK 2 09 B AR (41. 23 kJ/mol) (4 =8 (1) B ) 3 KA (& F —Fh o
A D o G B M e 5018 19 228 A0 R TR) 7 T8 T 19 5[] PR A P i 35 1) A8 AR R — 3., (R X T35 —
W) Bet \Mg" \Ca™ [R] B A FHAA 2R () 25 ik R A 7 ) — 81 300 v e K 3 mT BB 2 R o 3 = 8 7 1 % 40 43
SR 28", 3t As' (W B L T TR BR FEAE B LT S AR 5 e B B R AR R L T An R MRS E 1R R b S A
B = T B RO 22 0 B R R R R AZ AN B T R R R A
X—>X" (2)
3 A TS T A H R A (e 2 (2) B i) e B - LI L (D P K R 0 85 i R (B K A5 23X
Tt D B8 - R R R v B e TS L R AR T R ) RS ) A RS (A R R v £ B R R 1 R 1 A
177 2% F v DR S A R R 1 BB A T R AR
[X—C,HOJ>[X—CH,O]" +e (3)
A PR AR A A e B A e = (3D B A 1 AR AL B A L [R) b 3 B A B 1 1Y) A% T R AR A AH (] L F:
TP A L AR P B A R R TR O T R B SR TR T S R R e AR R R AR E A B T T L
B A LT BT TR B RE R A Y 2 A R R — g S — PR S5 s T A P B RO A B AN TS
Tl T B A Z2 245 4 A 2 0T (R R — b Re e A AL . 422 3 (3) 8 i Jr 45 B30 11 T) e 2 (2) 6 e JIr A5 A5 A EE , DA G 32
W FR R R R PR RN M T = KM B—CH, O]J.[Al—CH, O],
[Ga—CH, O & R BT i (4 il i #04 K IXn] B J& R R 56 = MM o0 B AR 3/ E 3p . dp BILIA M RE i K =
L 25 R B A R & rb i e TR A 45 A R R BT DL g i A b 5K (2D B (KL
[GaOCH, 1k 2 1Y 22 B H 25 $5ofn 4 s B3 38l 43 51 o 37. 5 kJ/mol 1 33. 44 kJ/mol,

[X—C,HO]"—>X+[CH,O]" 4)
R 5 (4D B8 A% Y — AN TR R T A
B A D BT R K R 003 i e K15 2 (% ®2 HEMBREHAREROEEME
H—CH,O &K & &b, & i F 224210 /N, W B F 0 BE Tab.2 The dissociation energy calculated through
AR 3 I B M I R A L B 1) X DL b B IR various modes kJ/mol
M 2 L LT 25 B B 4 A E YR b T G A 4 o » @ ® W
P T FEY S e A 0 R A A L A o S ARG BREE AR BRLES RRE

— AT REBEMEN ., HA A E RS H 41.23  75.30 45. 33 41.69 25.62
i 14 5 At B ML A5 AL LA AR R L X BT R B, L 849 s051 2508 23.98  36.46
10 B 1) LA B b e ek IR E L T F AR . E E Y Be, Na 5.91 28.95 24.59 23.61 37.82

Mg.Ca Ju & . A4 s B b2 G 1, X fa & K 4.20 23.97 21.93 21.60 39.90
SERE AL (O X TR B B RE e R — A ) Be 15.06 49.43  45.94 34. 60 25. 30
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Tab. 3 The calculation value of charge distribution

O C H1 H2 X

HCHO —0.182 001 —0.211 358 0.196 679 0.196 679

HOCH: —0.026 733 —0.162 511 0. 355 81 0.364 295 0.469 139
LiOCH; —0.125 718 —0.272 357 0.280 172 0.280 181 0.837 221
NaOCH; —0.220 144 —0.269 056 0.263 817 0.263 879 0.961 504
KOCH, —0.265 155 —0.234 856 0.260 254 0. 260 802 0.978 954
BeOCH; 0.159 500 —0.214 568 0.326 757 0.329 634 0.398 676
MgOCH; —0.031 875 —0.271 259 0.288 536 0. 289 396 0.725 202
CaOCH: —0.076 477 —0.219 746 0.283 076 0.283 233 0.729 915
BOCH: 0.474 583 —0.254 061 0.357 627 0.361 279 0.060 572
AlOCH;, —0.066 222 —0.267 821 0.296 294 0.296 532 0.741 217
GaOCH; —0.121 624 —0.268 452 0.279 568 0.279 812 0. 830 695
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Tab. 4 Vibration frequencies of various species cm !
H Li Na K Be Mg Ca B Al Ga
(D 1042. 1 131.5 112.2 114.2 117.0 77.3 111.0 202. 0 73.8 47.1
(2) 1116.0 199.9 156.9 118.9 221.3 142.5 149. 4 240. 9 117.0 127.1
(3) 1236. 9 532.7 271.6 185.3 762. 9 337.3 285.5 661. 6 278.0 208. 3
) 1386.9 1231.9 1223.6 1239. 8 1244. 4 1233.6 1223.4 1244. 2 1233.5 1225.9
(5 1484. 1 1269. 9 1270. 8 1272.6 1257.7 1262.9 1264. 3 1246. 6 1255. 2 1255.9
(6) 1683. 2 1534.3 1535.3 1567. 3 1524. 6 1528.9 1528. 2 1485. 9 1518.9 1524.0
(7 3101.1 1799. 9 1804. 9 1747.8 1745.0 1775.9 1782.5 1634. 9 1742.9 1761. 8
(8) 3252.9 3012.9 2991. 7 2988. 1 3063. 2 3023. 4 3015. 4 3081. 4 3031.1 3013.4
(9 3595.0 3126.3 3096. 1 3072. 1 3199.0 3142. 2 3129. 9 3266.7 3154. 1 3128.8
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Fig. 2 Sketch of vibration modes of main bonds
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