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stivastova 0.K.,Secco E.A.
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Studies on metélﬁhydroxg compounds. II.
Infrared spectra of zinc derivatives
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n /l/ 8 B46. Heamnmpuueckoe  McciemoBaHHe cTepeoaJek-

TPOHHBIX 3(dexTOB B MoAedbHbiX Komnaekcax Zn(OH),2-
‘g@ u Zn(OH),. Lehn J. M, Wipfi G, Demuynck J.
[0#2’ An ab initio study of stercoclectronic effects in Zn-
(OH)s>~ and Zn(OH), model complexes. «Chem. Phys.
Lett.», 1980, 76, Ne 2, 344—346 (aura.)
Metoxom CCIT MO JIKAO c wucnoas3onannem 6asuca
CrpyNnnHpOBaHHLIX rayccoBulx opOuraseit Zn (12s8p5d/5s-
4p2d), O(8s4p/3s2p) n H(4s/2s) paccunTino 3JeKTpoHHOe
" crpoeHne MojeabHbix KoMmiekcos Zn(OH)4—~ (I) u Zn-
}(;f LR (OH), (II). Kosmnaekest I n Il paccmwatpuBanuch B KOl-
. dopMamHaX ¢ pa3nHUHBLIMH, (HKCHPOBAHHBLIMH OPHEHTALHS-
W mu cssizeit OH. Has cpasuennst Merogom CCIT MO JIKAO
NPOBE/JCHBl TaKXKe PacyeTHl CTEPeO-3JCKTPOHHLIX 3(hheKToB
B xommaekce Al(OH)s~ mu mosekyae C(OH)y B Toit xe
xoudopmauuu, urto u I. Ontumusauus aaud cssseit B Al-
(OH)4,— n C(OH), nposegena B MuunM. Gasuce OCT —
3I'®. Buuncsennas skeprus craGuansanun I u 1l no or-
HOLICHHIO K  pasfeJeHHHIM  ¢parmenram  COCTaBiljia

X, /93/;/} 1017 u 882 xkaa/Moab cootB. Xenatnuit 3ddekr B I

(sueprus, TpeGyemas Ans nepeopuentaunn 4 JHranjos




OH- B NpaBHJBHYIO TCOMETPHIO KOMIJIeKCa) COCTaBHJ
626 xkkas/moub. ONTHMH3HpOBaHHBIC AJHHBI cBsieli Zn—O
B I u Il nokasunBaioT cjalyio KonpopMaw. 3aBHCHMOCTb.
Ha ocHOBaHHH MaHHLIX IIPOBEAEHHBLIX pPacyeToB CHeJaH
BHIBOJI, YTO CTepe03JeKTpoHHHEe 3pdexTsl, 00yCI0BIeHHbE
OpHeHTallHeil JHraHAOB, c1alul B COCAHHEHHAX X(OH) 4~

(X=Zn?*, APt), rae cBa3u sBJIAIOTCS HOHHBIMH H JUIH-
HHMH, [0 CPaBHEHHIO CO CTEPEO3CKTPOHHBIMH 3ddexTaMu

B xoBasentHoil Tetpasapuu. Moaexkyiae C(OH)q.
H. A. Tonoub
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AT r o C /s
i, ﬂ/y / }g é
J / 06 - 11J1224. 'Tcopenmccmle HCCJENO0BAHHA HHTEHCHBHOCTEH
HK-nosoc 8 Zn*+QH, n Mg?+OH,. Theoretical studies of,
1. R. intensities in Zn?*OH;  an Mg?*OH,. Her-
mansson Kersti, Lindgren Jan, Agren Hans. «Mol.
Phys.», 1986, 57, Ne 4,'857—863 (aura.) :
MeTofaMH OXHO- H MHOTOKOH(HTypayHOHHOro caMmoco-
rRacoBaiibx MoJelt, paccunTansl unrencusnoctn HMK-nosoc
‘BaJIGHTHBIX ~ KoneGammit cssiseii O—H B Kommiekcax -
Mg?+OH, u Zn**OHy, a TakKe B H30THPOBAHHBEIX MOJEKY-
.nax H.0. B rapmonny. npuGJIHMKEHHH OMpexeseHs CHJIO-
'BBIé TOCTOSIHHBlE CBsI3eil H (b-IHH AHMOJBHOrO MOMEHT2 B
ruapaTpoBanubx HoHax. OOHapyxeHo yBéJHYeHHe PaBHO-
‘ectioit amunbt cssian O—H monekyn HoO npu ux KOOpaH-
HauHu ¢ moHamu Mg?+ u Zn?+. Manoxena Mozeab ruapa-
TipoBanus 3THX HoHoB. ITokasano, 4TO B KOMIJeEKCax
tﬂ.”J Mg?+ opGurann uona u Monekyn H:O ne nepekpriBaiorcs,
Torla Kak B KoMmJekcax ~ Zn?t oGoGuennbie OpGHTaMH
npHoGpeTaloT XapakTep 3d-0. Cioenan BHBOJA O BO3MOX-
@ nocTH 0Gpa3oBaHHst BOAOPOAHBEIX CBs3el C Y4aCTHEM STHX

A Kommaekcos n 2 moaekya HoO B xuakoit dase. Buba. 21.
00 995 [ g g O T Horen O w ot e By
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Co, Ni, Cue and Zn.
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Tean Q., Kebellays N.S., of pp.
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Ve, Cu and Fn.
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FYR /992
a =~

© 10 4118. TMapamerpuaauus NONYyIMNKEPHYECKOT0 KBaH-

£ Zf )~ ToBOXHMHYecKoro metona MINDO/3 pas  nuuKcoaepika-
— /7 unx coenuuennii / JKauneucos H. V., JKupomnpos I'. M.

) / ' /| XK.  crpyktyp.  xummm.— 1992.— 33, Ne 1— C.
151—153 ; \ _

Ipennoxena napamerpusauns metoma MUITIIY/3 ans

H3yYEeHHSI TeOMETPDHH H SHePreTHKH Zn-CoAepiKallHX Mo-'

Aiekya. Tloayuensl 3naueHHs SHTaAbMHH 0GPA3oBaHHA M.

; TNOTEeHUHAL! HOHH3aunH. PaccMoTpena peakuust o6pasopa-

Af' ‘,é{'”) HHfl KOMILICKCOB KaTHOHA Zn?+ ¢ DANOM 3JEKTPOHOMOHOP-
/ HBIX MOJICKYJ H OlleHeHa SHeprHsi CBA3H B KOMILIEKCaX

k Zn?*—X, rie X=OH, CO,, SH,, OH-, SH-. i
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. 1197 234388k Nascent rotational ‘and vibrational distributions

!in both products of the reaction zin¢ + water — zinc hydride

{4+ hydroxyl (Zn(¢ 'Py) + H:O — ZnH(X 2Z+) + OH(X 2D))..

{Kuwahara, Kazuya; Ikeda, Hiroyuki; | Misaizu, Fuminori; Fuke,

‘Kivokazu (Dep. Energy Sci., Tokyo Inst. Technol., Tokyo, Japan

), 7 1152).. J. Chem. Phys. 1993, 99(4), 2715-22  (Eng). The reaction

s '/ 7,7/72/;./_1"*./ = Zn(4 'PY)+H:0—ZnH (X 2Z¢) + OH(X 2II) was studied under
Lt LA ‘thermal equil. conditions at 700 K. The nascent internal state

{5 VM) = v’

iy J [', [5/'*/;//- — «distributions of both products-ZnH and OH were detd. by using a’

"‘-tév/ /L ipump-and-probe technique. The rotational distributions of ZnH

). Tk 5 o 4400 / and OH were both Boltzamnn-like for their »" = 0 vibrational levels.

Mol /L(" “ ,// L/Z/, “7.{ . However, the rotational temperautres were significantly different-12,000

g s 'K for ZnH and 900 K for OH. ZnH was also n'brntionall_vbzxciég.
obsd.

“The nascent vibrational distribution of ZnH was detd. to _
cuch a nonstatistical energy partitioning'is explained by consideringa’
short-lived Zn-H-OH. intermediate in a nonlinear geometry.

O A 1943, 119, n3I2
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/ 125: 151552g Ab Initio Study of the Structures, Energetics, and :
Spectra of Aquazine(Il). Lee, Sik; -Kim, Jongseob; Park, Jong Keun;
Kim, Kwang S. (Department of Chemistry and Center for Biofunctional |
Molecules, Pohang University of Science and Technology, Pohang, 790—
784 S. Korea). J. Phys. -Chem. 1996, 100(34), 14329-14338 (Eng). Us-
ing extensive ab initio calens. including electron correlation, the authors-
have studied the structures, thermodn. quantities, and spectra of hy-
drated zinc ions [Zn(H20),2* (n = 1-6)). Various conformers for n =n;-
+ ny (where n; and n are the nos. of water mols. in the first and second
hydration shells, resp.) were investigated along with their thermodn.
quantities. The entropy effect was found to be important for the stabili-
ties. At 0 K, the most stable structures forn=>5and 6are5+0and6
+ 0, resp. However, at room temp., both 4 + 1 and 5 + 0 seem to be
almost equally populated in the case of n = 5, while 6 + 0 is the most

_populated in the case of n = 6. The predicted successive binding ener-
"gies for the addn. of each water mol. to the zinc ion are reported. The
-vibrational frequency shifts, depending on the no. of water mols., were

investigated along with the frequency characteristics, depending on the
presence/absence of outer—shell water mols. w2

C. A 1996, 125, p /2
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\/F: ZnOH
P: 3
131:149998 Thermochemistry of Z2nCl(qg).
Hildenbrand, D. L.; Lau, K. H.; Ro J. W. (SRI
International, Menlo Park, CA 94025, USA). J. Chem.
Phys., 11 1337-1338 (English) 1999 The gaseous
species 2n, 2nCl, and 2nCl2 were generated in an
effusion ce by reaction of Cl2(g) with 2nO(s) near 1400
K, and were identified and mo by mass spectrometry.
Equil. consts. were evaluated for the gaseous reac +
©2nCl2 = 22nCl from ion intensities measured over the N




~

range 1336-1436 K used to derive the third law enthalpy .
change .DELTA.H298.degree. = 176 .+ mol-l and the:
! dissocn. energy DO.degree. (ZnCl) = 229 .+-. 8 kJ mol-1.

Th result is in good agreement with an earlier value
| derived from equil. measurements made by monitoring the"
" electronic spectrum of 2nCl(g) in equ with gaseous 2Zn
and 2nCl2. The results are useful in estg. the:
thermoche properties of gaseous 2nOH and 2Zn(OH)2 for.
chem. modeling applications.



F: 2Zn(OH)2 ' s
P: 3
131:149998 Thermochemistry of ZnCl(qg).
Hildenbrand, D. L.; Lau, K. H.; Ro J. W. (SRI
International, Menlo Park, CA 94025, USA). J. Chem.
Phys., 11 1337-1338 (English) 1999 The gaseous
species 2n, 2nCl, and 2ZnCl2 were generated in an
effusion ce by reaction of Cl2(g) with ZnO(s) near 1400
K, and were identified and mo by mass spectrometry.
Equil. consts. were evaluated for the gaseous reac +

‘ .




ZnCl2 = 2znCl from ion intensities measured over the
range 1336-1436 K used to derive the third law enthalpy
change .DELTA.H298.degree. = 176 .+ mol-1 and the
dissocn. energy DO.degree.(ZnCl) = 229 .+-. 8 kJ mol-1l.
Th result is in good agreement with an earlier value
derived from equil. measurements made by monitoring the
electronic spectrum of 2nCl(g) in equ ‘'with gaseous Zn
and 2nCl2. The results are useful in estg. the |
thermoche properties of gaseous ZnOH and 2Zn(OH)2 for |
chem. modeling applications. I
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"135:171003p A Density Functional Theory Study of the Struc-
ture and Energetics of Zincate Complexes. Smith, Grant D,; Bell,
Richard; Borodin, Oleg; Jaffe, Richard L. (Department of Materials
Science and Engineering and Department of Chemical and Fuels Engi-
neering, University of Utah, Salt Lake City, UT 84112 USA). J. Phys.
Chem. A 2001, 105(26), 6506—6512 (Eng), American Chemical Society.
The -accuracy of the DFT/B3LYP method and the adequacy of the at.
basis sets employed were established through investigation of the ioniza-
tion potentials of Zn, the geometry and bond energy of ZnO and the
géorietries and energies of selected Zn—OH and %—H;U complexes.
Our investigation revealed that the [Zn(OH)]+, Zn(OH),, and [Zn(OH)3]~

_ZZ?;LZMJ?O*O./

[ty 7%
“ #&’f/l,z’//%/‘ui)

zincate complexes are stable in the gas phase. However, we found that,

dissocd. [Zn(OH),;l~ + OH-'is more stable than [Zn(OH)]2~ in the gas

phase and that the gas—phase geometry of [Zn(OH),])2~ differs signifi--

cantly from that gleaned from exptl. studies of aq. KOH/zincate -solns.

We also investigated zincate complexes involving mol. water and K*.

.,}




cations in order to better understand the influence of condensed phase i
effects in aq. KOH solns. on the stability and geometry of the zincate f
complexes. We found that water does not significantly influence complex :
binding energies or the geometries of the_underlying [Zn(OH),)?-=
complexes for n =1, 2, and 3. In contrast, for [Zn(OH),]2- the introduc-
tion of water strongly stabilizes the complex relative to the gas phase
and results in a structure close to that obsd. exptl.- We were unable to
find a stable [Zn(OH),(H20),)2~ complex with a planar Zn(OH), arrange- '
ment and close Zn—H,0 coordination, corresponding to a Zn-0 coordina- !
tion of no. of six, as has been suggested in some interpretations of expts. |
We found through investigation of the K,Zn(OH), complex that K* cations .
are also effective in engendering a structure that is very close to expt.
and that K* ions are even more -strongly bound to the [Zn(OH).?=
complex than water. Finally, we detd. the structure and stability of
[ZnO{OH),)2-(oxodihydroxozincate), a species that has been hypothesized
to be important in water—naor zincates solns. = P

A
( .
\ o




(W]~ [ Zaon)) Zn( O, Aeof

- 135:171003p A Density Functional Theory.Study of the Struc-
ture and Energetics of Zincate Complexes. ~Smith, Grant D.; Bell, 3 3
Richard; Borodin, Oleg; Jaffe,Rithard L. (Department of Materials / Yl /{5/&%-
Science and Engineering and Department of Chemical and Fuels Engi- / /
neering, University of Utah, Salt Lake City, UT 84112 USA). J. Phys. U ,{Z/Z[/{z)
Chem. A 2001, 105(26), 6506-6512 (Eng), American Chemical Society. 7
The-accuracy of the DFT/B3LYP method and the adequacy of the at.
basis sets employed were established through investigation of the ionizad-
tion potentials of Zn, the geometry and bond energy of ZnO, and the
géometries and energies of selmmplues.
Our investigation revealed that the [Zn(OH)]+, Zn(OH), and [Zn(OH)31~ .
zincate complexes are stable in the gas phase. However, we found that
dissocd. [Zn(OH)s)~ + OH- is more stable than [Zn(OH)J2~ in the gas
phase and that the gas—phase geometry of [Zn(OH),])?~ differs signifi-
cantly from that gleaned from exptl. studies of aq. KOH/zincate ‘solns. :

_We also investigated zincate complexes involving mol. water and K*

s -



cations in order to better understand the influence of condensed phase
effects in aq. KOH solns. on the stability and geometry of the zincate
complexes. We found that water does not significantly influence complex
binding energies or the geometries of the_ underlying [Zn(OH),]2~»
complexes forn =1, 2, and 3. In contrast, for [Zn(OH),]2- the introduc-
tion of water strongly stabilizes the complex relative to the gas phase
and results in a structure close to that obsd. exptl. We were unable to .
find a stable [Zn(OH),(H20),]2~ complex with a planar Zn(OH), arrange-
ment and close Zn—H,0 coordination, corresponding to a Zn—0 coordina- .
tion of no. of six, as has been suggested in some interpretations of expts. .
We found through investigation of the K,Zn(OH), complex that K+ cations -
are also effective in engendering a structure that is very close to expt.
and that K* ions are even more strongly bound to the [Zn(OH),2%-

complex than water. Finally,-we detd. the structure and stability of -
[ZnO(O!{)zl"(oxodxhydmxomcate) a species that has been’ hypothesued
to be'important in water=poor. zmcates solns e et

«.*
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135: 247458p ‘ Interactions of Metal Ions with Water: Ab Initio
Molecular Orbital Studies of Structure, Vibrational Frequencies,
Charge Distributions, Bonding Enthalpies, and Deprotonation
Enthalpies. 2. Monohydroxides. Trachtman, Mendel: ‘Markham,
George D.; Glusker, Jenny P.; George, Philip; Bock, Charles W.
(Department of Chemistry, Philadelphia University, Philadelphia, PA
19144 USA). Inorg. Chem. 2001, 40(17), 4230—4241 (Eng), American
Chemical Society. The formation and properties of a wide range of metal
ion monohydroxides, Ma*[OH-], where n = 1 and 2, have been studied
by ab initio MO calcns. at the MP2(FULLY6—~311++G**/MP2(FULLY6—~
3114++G** and CCSD(TXFULLY6-311++G**//MP2(FULLY6-311++G**
computational levels. The ions M+ are from groups 14, 24, 34, and 4A
in' the second, third, and fourth periods of the Periodic Table and from
the first transition series. - Geometrical parameters, vibrational frequen-
cies, at. charge distributions, orbital occupancies, and bonding enthalp-
ies are reported. The Mn*—0 distances are shorter in the hydroxides,
than in the corresponding hydrates (published previously as Part 1,
Inorg. Chem. 19/98, 37, 4421-4431) due to a greater electrostatic interac-



tion in the hydroxides. The natural bond orbitals for most of the first—
row transition metal ion hydroxides do not contain a formal metal—
oxygen bonding orbital; nevertheless the at. charge distributions show
that for both n = 1 and 2 a significant amt. of electron d. is consistently
transferred from the hydroxide ion to the bound metal ion. Deprotona-
tion enthalpies for the hydrates have been evaluated according to-the
simple dissocn. process, M2+[OH,] — M=+[OH-] + H*, and also via proton
transfer to another water-mol., M®*[OH,] + H;0 — M=+[OH"] + H;0-.
The drastic redn. in these deprotonation enthalpies as H,O mols. are
sequentially bonded in the first coordination shell of the metal ion
(amounting to 71, 64, 85, and 91 kcal/mol for the bonding of six water
mols. to.Mg2+, Ca2*, Mn2*, ‘and Zn2*, resp.) is found to be due to the
greater decrease in the bonding enthalpies for the hydroxides relative
to the hydrates. Proton transfer to bases other than water, for example
side chain groups of certain amino -acids, could more than offset the
decrease in deprotonation energy due to the filling of the first coordina-
tion shell. Linear relationships have been found between the pK, values
for ionization of the Mg2+; Ca2*, Mn2*, Fe2*, Co2*, Ni2*, Cu2*, and Zn2* -



