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An ab Initio Molecular Orbital Study on the Conformation and Stability of the Complexes
Made up of Mono- or Di-carboxylic Acids and Magnesium

Yasuhiko NAKAMURA

Abstract

Ab initio molecular orbital calculations using an STO-3G basis set were carried out to find
the most stable conformations for the possible complexes of magnesium ion with acetate, maleate,
and fumarate ions. The interaction energies of the complex formation decreased in the following

order : acetate ion>fumarate ion>maleate ion.
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Table1. Bond and dihedral angles, atomic charges, and energies for optimized conformations of carboxylate ions

Bond angle Dihedral angle Atomic charge Difference
Conformation (degrees) (degrees) (e) of energy
(kcal/mol)
01C2C1 02C2C1 OI1C2Cl1H1 o02cC2C101 (0] 02
A-1 115.0 114.5 0 180.0 -0.502 -0.505 0
C3C2C1 02C3C2 -01C3C2Cl1 03c4c1c2 01 02 03 04
M-1 138.2 120.5 180.0 180.0 -0.542 -0.487 -0.542 -0.487 3.1
M-2 134.0 119.2 180.0 93.2 -0.543 -0.496 -0.578 -0.518 0
M-3 133.1 115.8 92.7 92.7 -0.519 -0.519 -0.519 -0.519 0.7
C3C2C1 02C3C2 01C3C2C1 03c4c1c? 01 02 03 04
F-1 127.2 116.9 180. 47 180. 00 -0.530 -0.518 -0.530 -0.518 0
F-2 126.6 116.9 180. 00 -90.77 -0.533 -0.520 -0.521 -0.521 2.6
F-3 127.8 116.1 90. 81 -90. 81 -0.522 -0.522 -0.522 -0.522 6.0

Note : A=acetate ion ; M=maleate ion ; F=fumarate ion.
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Table 2. Geometry and energies for optimized conformations of Mgt — acetate ion complexes

Complex Direction of Symmetry Total energy Interaction energy
coordination (a. u.) (kcal/mol)
(1) (MgA)*,in Triangle C -421. 327346 -481.4
(2) (MgA)*, out Line C, -421. 221627 -415.0
(3) (MgAz),in Rectangle C, -645. 836064 -764.0
(4) [(MgAs),in Rectangle C, -645. 826066 -764.0
(5) (MgA,), out Line C; -645. 697844 -683.5
(6)  (MgAs) Tetrahedron C; -645. 837224 -771.0
(7) (MgAgJ? Octahedron C, -1094. 004653 -815.4

Note : A=acetate ion.

01C202 DWELD C1-C2HMDIERM ETH L, bHVEDEZX LN LD, 01-C2-02HTH
01C202 DHERIZH 7= BBHTH B, =D 2 DK EIC Mg ¥ ALE L TREIL LR, A &
Mg @ 14 1R QD SN, TRV F—iF, Cl-C2E#HMEIZHEA L-EEHA 01C202
DHERIZHE A L72d D L D66 keal/mol W T EATRE N, (DBLN2)% S EITHAV T2 A
& Mg @ 23t 1 $51K (MgAg) DRGBIL SNHEE X Q) ~O)IZH T b oL d T ANF— 2R
niz, w)vn%‘ﬁfv)bgw4o@@&%ﬁ?ﬁfﬁ?&@ﬁﬂsmﬁm:%of Z b MEARD LIS
B 5 Mg ICEL T AHEE6)T, T 1 18D D 5 & b T AL F— DK WIS E Mg
LT HEE LR 72D DU L) b DO TANF - &b 572, EERELEIT-T
bRHEREF L TH o7z M@ 3SR EMES L &, ABM/EAKEEL &L 52 LDV LML
NTWHDT, BELDLDODBEERFTTF & Mg 2EFCHENLTIZ, 522D A~ DEBEEET
FRLZA & Mg D431 85K (MgA) DiEE R REL L7, F#fbIZBL T, EmOLTICE
BEL7 A 120-Mg IO, # MgOC, A MgOCC D& IZEHHE ¥ #5718, 3@t s¢
72 AT DMEIZEE L7z BoN7iEilR, (MISRT L9, 4EOBERERTIELRAHOF LI
Mg 25 ), Mg 2 BAEEH L, TOLTIZ2MOBEBEFIRMTLODTH o720 LT 2
DDA DAFNVER, WIS, EAD A DX FVENOERBEICMHEL TV 5, HiE6)
AT\ E A E D#ERITE PN L WO T, FHENELSBRILL,

A X Mg OEKICET BEHEM RN S, 0-C-O & REBEEANESL “HA, BXUH 0CO
WA Mgt OWEBEBREFEE LT, M- & Mg @ 1) 1 84k (MgM) 2 AT, RELxiT-
720 #&EFR % Fig. 3& Table 312" L7z S5ODRAIHRKEIANVFTF—HBENDI L, TALF-DL 5
EBEVDIZ, 200D 0-C-O HARFEBEICAH L TITIFO0® £90° 2% L, Mg 253 DDEEE
BF2OEHHIMNETS 02 THo 72, ZOHETIEIHA C3C2C1C4 130.23° T, 420D
REEF Cl, C2, C3, C4 12 IFF—FHIIhHo70 5ODHEDNIL, 200K NVEF I IVE
DEERFIEF AT Mg IZEREAL L T2 L HIBT S B (1) ~(3)1d % 9 TH WS D X 1 100 keal/
mol L { TANF =K o72, FL— MR E LTHSNTW S RN FEALORELRI RS
DFHEOHELLIIFINS, KIL, TANLVF-—DEW2ODOHEN), 2% FEAT,
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Table 3. Geometry and energies for optimized conformations of Mg*" — maleate ion complexes

Complex Direction of Symmetry Total energy Interaction energy

coordination (a. u.) - (kcal/mol)
(1) (MgM), 00 : Triangle Ci -643. 310893 -747.2
(2) (MgM), 090 Trigonal pyramid Ci -643. 322830 -754.7
(3) [MgM), 9090 Quadrangular pyramid C -643. 286718 -732.1
(4) (MgM),090, in Triangle C -643. 149235 -645. 8
(5) (MgM), 090, out Line C -643. 047902 -582.2
(6) (MgMy)%, 00 Rectangle C; -1089. 219197 -935.5
(7) (MgMz)%, 090 Octahedron C -1089. 231456 -943.2
(8)

(MgM,)%, 090 Octahedron C, -1089. 231459 -943.2

Note : M=Maleate ion.

Mgt % LM EFRIC 2 B & ) IR L7z M & Mg @ 23t 1 S50k (MgMy) ™ OHERE % Bl L
770 22T, O-C-OHAREBHEEO, 90° DL D, (1)F/21E(@8), 250°, 0°DHNDEG)LD 8
kcal/mol TR )V F— KD 5 720 TOWIEBNIAEAM L 250, 4 DOBERFOELRATED
EOLETFICERMTABERFZESE, HICHTL2EE,S 3° T, BEMERREFIZD LER
LzNEREE - T B, G255 2 TICRBIL 2 160 CTHE DA L7z, 225 1 54
IZ2oWTh, FL—PROZVHLDPIRANF—-MEVEIERE L % 57

Fr QKOS L T AV F —% Fig. 4 & Table4 IZ/R L7z, F- OFEHE I RFFEITE
O E 2 ADT, 20F T TREMICH D HIVARF LIVEDFEEIC Mg?* (CEAL T AHE 1
EDR%V, LAL, My ABERRLLENS, FRO C-CHEEGEHOE ) TOEZLDRA LMD
TEeeH1E, 2200 0-C-OHAKRFBEREIG L TEAIEVAELLLLEE, 2007 VEF
UVEOBERT I Mg #FL— M AHMICKRLZIENTEDLTHL ). £2T, F~ & Mg™
D 1% 1 854k (MgF) O b o HFE#EE L LT, Mg 7 0CO DNEICMET L b D L,
FHEEEY L AREBFREICHLT22o0 0-C-OAAFNEFNIN L), PORE 570 IVK
FIONEOBERT ) LEHEHOMEIC Mg A5RE S DEEAT, KBS N7HEEIXD), (2)&
olie 20DHNVEFIIVENERMT L1 DDA NVKEFINFELIPEMLZWVIE DT
keal/mol [E T : )V F—Tdh 572, (2i3C3-C2-C1 & Mg-C2-C1 D FTHH0° L N25°/hE <, L
P Ao TREBIIZANKF L VED C3, C4AFREL ) 2% 5 EATh, “Hf 02C3C2CL &
03C4ACIC2 iV TN H90° 2523 VT, FX EMNS572C3, C4DLEFOBERTHS HITHE
TOHEL TS, TNT, O-Mg FIREMEIX]. 7854 TH 5, KIZ(1), @& d LI, F &
Mg* @ 2 #f 1 4k (MgF2)?~ 3% M AN CRBEL LR EGB)~BUIR L7z, ok bRV
F-MEVDIX, 2O0DHNVEFINVEOBERT IR L2(2)%, Mg %0\ Pl A
EEEDEIICHHRE LBENOBELG)TH -7, ZOWEE, FL F BT SRR
FET 20 SERVE :LﬁﬁTégFﬁﬁEELﬁ‘c)ﬁiL'fté‘@f: 4) X 1 56 kcal/mol f&T %V
F—ThHotzo M@ EHNNVEVBEA F ¥ DEKOMOFTETYH, MgA) DA RIRE, MEAEE



BRERFHEFHHELE BARRER H46%5 (1995)

96

saxa[dwiod uoy ajerewny— _ S[y paziundo Jo Suropual yPus pue [eg 31

‘Texed ‘0606 ‘_, (CA3IN) (S 00 ‘¢ (CA8I) (€

006 '1=,203 NI =203 N*
8.5 '€=,£0,001=£0201 O
G618 '¢=,60€01=,20201

0 €0

.20 €0 0606 ‘ (A8I) (2
1€5 '2=,£0204=,20£01 O
286 '€=,£0804=,20204
212 '§=,£0,201=£0Z04 $502 ‘0606 ‘2 (“AFN) (¥

)
20
+£0 O ur ‘00 “(JA8IN) (1
) NO O
€0




Fh DB BLOTVHNER U ERE < TR T AOSEROREE L REMICE T BRI S FEUERRTE 97

Table 4. Geometry and energies for optimized conformations of Mg?* — fumarate ion complexes

Complex Direction of Symmetry Total energy Interaction energy
coordination (a. u.) (kcal/mol)
(1) (MgFJ, 00, in Triangle C: -643. 142116 -626. 4
(2) (MgF), 9090 Triangle C, -643. 297341 -723.8
(3) (MgF.)%, 00 Rectangle Can -1089. 195432 -890. 7
(4) (MgF5)?2, 9090, cross Tetrahedron D, -1089. 126050 -847.2
(5) (MgF,)%, 9090, paral. Rectangle D, -1089. 215953 -903.6

Note : F=fumarate ion ; paral.=parallel.

S IR T AV F -, Mg DSEAROREEE LT, EBRSEH TH NEER DKL
EALRWILEEZHDET, ThiE Mg ODREIZIBHDTHAH, A~ DL, FHEHER
FUEABIASEEE L D 7 keal/mol f < %2 5 TV A4S, AWAREBEBOBEH,»S LT, Zhid
REDEHHLE VR b,

M”, F” 2heho Mg™ 0% 2T, o5& dTANF—DORCEEDOHEIER T AL+
BHET DL, 151 D (MgMe) g T M- <F>, 2%f 1D (MgMer)*” BISEARTH M- <F> &
BB A ZEDTHEFITHEY 2 DEMENH L)%, 5 TTH P EDDHREDORIE L TUREE,
ARALNE L O 2 il 1 4+ > BEHEAT, M- <F <A™ L% b, Mg $EKOREML M-, F
AT DMEICEI B L DR T IR, S5 IHEOBVEERER R ER L E 52T
VEF-DFEE, MEEAZAVF-OHEHAFEORAENLETH S, $7:, SEHOFHETIE, 1
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