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ABSTRACT

The copper(l) halide complexes containing triphenylphosphing)RPid N,N'-
diphenylthiourea(dptu), [Cu(PBB(dptu)CI]-2CHCN, [Cu(PPh)(dptu)Br]-HO and
[Cu(PPh)(dptu)l]-CHCN have been prepared by direct reaction of copper(l) halide
(CuX; X = ClI, Br, 1) with triphenylphosphine and,N’-diphenylthiourea under suitable
conditions. The structures of these complexes have been characteyizidmental
analysis, X-ray fluorescence spectrometry, Fourier transforneauntagnetic resonance
spectroscopy and Fourier transform infrared spectroscopy and singl&al cK-ray
diffraction = methods. @ The  complexes, [Cu(RRAuptu)CI]-2CHCN  and

[Cu(PPh),(dptu)Br]-HO crystallized in triclinic system space grodﬂi with cell
parameters = 11.0946(11)p = 12.8345(12)¢c = 18.5790(18) Apx = 103.0339(2)p =
90.6470(2)y = 111.292(2)° and = 10.8100(11)b = 12.2861(13)¢c = 18.9086(19) Ax

= 73.330(2), p = 88.921(2), y = 67.318(2)° respectively. The complex
[Cu(PPh),(dptu)l]-CHCN crystallized in orthorhombic system space grBg{2,2; with
cell parameterst = 13.9088(7),b = 16.5452(8),c = 20.2573(10) A. Each complex is
mononuclear which the copper atom is tetrahedrally coordinated by tiwaRecules,
one dptu molecule and one halogen atom.
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THE RELEVANCY OF THE RESEARCH WORK TO THAILAND

Copper(l) complexes have been widely studied because of providiraplsuit
models for the representation of several enzymic sites assvektive intermediates in
organic synthesis reactions.

The main propose of this work is to determine the crystal stestof copper(l)
complexes containing N, S and P as donor atoms. The substituted thiigameaN.N’-
diphenylthiourea(dptu) is selected due to the interesting stractuae might be formed
coordinate bond with copper atom through both sulfur and nitrogen atoms or wé& one
these atoms. In addition, triphenylphosphine@@®Rk a P donor atom ligand with
different steric characteristics. This work examines syatieadly the structure variation
of complexes of copper(l) halide (Cl, Br, 1) with mixed ligandsPéfy and dptu. The
structure of these complexes would perhaps define more clearthé¢ngical properties
of the coordination of this metal.

The knowledge of the molecular structure is one of fundamemiabachemical
properties of materials. The results of this research mightuseful as scientific
foundation for its application and may possibly be used to design and ¥attgstals
with useful properties such as catalysts, semiconductors, supercoaduwtdr

photocatalytic isomerizations.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The element copper, symbol Cu, atomic number®®aated in the periodic
table between nickel and zinc in the first row loé ttransition elements and in the
same group as others known as coinage metalsy silvé gold. The electronic
configuration of copper is E2s2p°®3s?3p°%)3d'%s" or [Ar]3d'%s'. Copper has a
single s electron outside the filled 8hell but essentially has nothing in common with
the alkalis except formal stoichiometries in theoxidation state. The filled d shell is
much less effective in shielding the outer s etettfirom the nuclear charge, so that
the first ionization energy of Cu is higher thangé of the alkalis. Since the electrons
of thed shell are also involved in metallic bonding, theahof sublimation and the
melting point of Cu are also much higher than thoflsthe alkalis. These factors are
responsible for the more noble character of copped the effect is to make the
compounds more covalent and to give them highecda¢nergies.

Copper is essential in all higher plants and arsm@bpper is carried mostly
in the bloodstream on a plasma protein called optasmin. When copper is first
absorbed in the gut it is transported to the llveund to albumin. Copper is found in
a variety of enzymes, including the copper cenfecypochrome ¢ oxidase and the
enzyme superoxide dismutase (containing copper and). In addition to its
enzymatic roles, copper is used for biological tetet transport (Micheakt al.
1996). The blue copper proteins that participatelectron transport include azurin
and plastocyanin. The name “blue copper” comes fiwair intense blue color arising
from a ligand-to-metal charge transfer (LMCT) alpsion band around 600 nm.

Most molluscs and some arthropods such as the simsecrab use the

copper-containing pigment hemocyanin rather than-gontaining hemoglobin for



oxygen transport, so their blood is blue when oxgged rather than red. In sufficient
amounts, copper can be poisonous or even fatabansms.

The structure and stereochemistry of copper conegldxave largely been
influenced by the electronic configuration of thetat ion. Copper(l), a soft acceptor
of a d° configuration, is well coordinated with a soft dorprefers a tetrahedral
orientation. Copper(ll), a °d system, exhibit coordination number dependent
structures: 4 coordination prefers square plarne,5 coordinated system is square
pyramid or trigonal bipyramidal and 6 coordinatedmplexes are distorted
octahedral.

Ligands containing a thioamide structure have a®@rable coordination
potential. The flexibility based on the tautomerighol(-N=C(-SH))« thione (-NH-
C(=9)), can afford various coordination modes. Tiggnds are potentially capable of
forming coordinate bonds through both sulfur anttogen-metal bondsN,N’-
diphenylthiourea, the substituted thiourea in thisrk is in thione form. These
possibilities will be reflected in the infrared spa of the complexes. Bonding
through sulfur will decrease the bond order of¢dagbon-sulfur link towards the value
for a single bond while the carbon-nitrogen bongrapches the value for a double
bond. Therefore, in such complexes, the C-S stirggdinequency should decrease and
that of C-N should increase. If a nitrogen-metahdbas formed just the opposite
effect is to be expected. Furthermore, the N-HuUesgy should decrease if the metal
coordinates through nitrogen, while remaining saibsally unaffected if the bonding
is through sulfur (Swaminathan and Irving, 1964291). Owing to their relevance in
biological systems, heterocyclic thione have atadconsiderable interest as ligands

in metal complexes.

SH ﬁ
A ‘
H,N NH HzN/ NH,
Thiol Thione

Figure 1 The tautomerism structure of thiourea.



Structures of thiourea and substituted thioureas thiourea(tu),
acetylthiourea(atu),  N-ethylthiourea(ettu), N-ethylenethiourea(etu),  N-
methylthiourea(mtu),N,N’-dimethylthiourea(dmtu),N,N’-diethylthiourea(detu),N-
phenylthiourea(ptu), N,N’-diphenylthiourea(dptu), N.N",N",N"” -

tetramethylthiourea(tmtu), are shown in the taladiow :

Structures Names Remarks
Thiourea(tu) R1=R2=R3=R4=H
acetylthiourea(atu) R1=R2=R3=H

R4=COCH
N-ethylthiourea(ettu) R1=R2=R3=H
= R4=GHs
N-methylthiourea(mtu) R1=R2=R3=H
/N
RE—N N—R4 R4=CH;
R?  R3 N,N’-dimethylthiourea(dmtu) R1=R3=H
R2=R4=CH
N,N’-diethylthiourea(detu) R1=R4=H
R2=R3=GHs
N-phenylthiourea(ptu) R1=R2=R3=H
R4=GHs
N,N’-diphenylthiourea(dptu) R1=R3=H
R2=R4=GHs
N,N’,N",N"” -tetramethylthiourea(tmtu) R1=R2=R3=R4=CHl
S
)L N-ethylenethiourea(etu) -
N N
N/




Triphenylphosphine (PRBhis widely used in organic synthesis. The properti
that guide its usage are its nucleophilicity and reducing character. The
nucleophilicity of PPhis indicated by its reactivity toward electropbiéilkenes, such
as Michael-acceptors, and alkyl halides. The atinecof triphenylphosphine is shown
in Figure 2.

Figure 2 The structure of triphenylphosphine (§Ph

In this work, we prepared the single crystals efskries of Cu(l)X (X= ClI, Br
and 1) with triphenylphosphine (PPhand N,N’-diphenylthiourea (dptu) complexes
from the optimal conditions by means of varying endtios, type of solvent, volume
of solvent and temperature to get the appropriateev The functional groups in the
structure were determined by infrared spectrosapy the elemental compositions
were specified by X-ray fluorescence spectrosceghrique. Finally, the structures

of these complexes were determined by single drystay diffraction technique.



1.2 Literaturereviews

Dyasonet al, studied the crystal structure of the (PRBuBrLCu(PPh) by
single-crystal X-ray diffraction methods. (RPCuBr,Cu(PPR) complex crystallizes
in monoclinic system, space groBg:/c, a= 19.390(8)p = 9.912(5)¢c = 26.97909) A,
B = 112.33(3) D. = 1.49 g/cm, R = 0.043 forN, = 3444, Cu(trigonal)-P; Br are
2.191(3): 2.409(2), 2.364(2) A, respectively, Cuéredral)-P;Br are 2.241(3),
2.550(2), 2.571(2) A, respectively, (Dyasernal, 1985).

Figure 3 The structure diPPh),CuBr,Cu(PPHh).

Karagiannidis et al, synthesised and studied the reaction of
bis(triphenylphosphine) copper(l) nitrate with itazolidine-2-thione(tzdtH) lead to
the formation of mononuclear complex of the formj@a(tzdtH)x(PPh),].NOs. The
complex was characterized by elemental analysiBared, UV-vis and NMR
spectroscopy. The crystal structure of [Cu(tzgfPiPh).].NO3; was determined by
single-crystal X-ray diffraction methods. (Karagits et al, 1989).



ZEE ' ¢
Cl ;_I ‘:/ \ - E3

Figure 4 The structure dCu(tzdtHp(PPh)2].NO:s.

Crystal data: monoclinic system, space grd®fa/c, a = 16.314(2),b =
9.981(2),c = 25.799(3) Ap = 89.39(1), Z = 4, D = 1.456 g/cm, R = 0.0411R, =
0.0510.

Karagiannidiset al, synthesized, characterized and studied electroctgmi
of complex of copper(l) (triphenylphosphine)-bromith pyridine-2-thione(py2SH)
[Cu(py2SH)(PPKBr].. The complex is binuclear, the stereochemistryhef CuS,
core is strictly planar. The equivalent copper a&drave pseudotetrahedral geometry.
(Karagiannidiset al, 1989).



Figure 5 The structure dCu(py2SH)(PP¥§)Br]..

Crystal data: triclinic system, space grd%[_p, a=9.586(4),b = 9.562(5)c =
13.573(5) A,a = 77.56(3),8 = 73.32(3),y = 62.38(3), Z = 1,D. = 1.63 g/cm, R =
0.0389.

Karagiannidiset al, studied the copper(l) mixed ligand complexeshwit
methyl-1,3-imidazoline-2-thione(meimtH) and triplygghosphine(PPf) of the
general formla [Cu(PRJp(meimtH)X] [X = CI, Br, 1)], and their characterizan by
various physico-chemical methods. The crystal #smmec of the complex
[Cu(PPh)2(meimtH)Br] was solved by single-crystal X-ray d#f€tion method. The
copper ion has a distorted tetrahedral geometrly itnd lengths Cu-S = 2.375(1),
Cu-Br = 2.509(0), Cu-P(1) = 2.268(1) and Cu-P(2.281(1)A (Karagiannidigt al,
1990).



Figure 6 The structure of [Cu(PH¥{meimtH)Br].

Crystal data: triclinic system, space gr(pr a=9.998(3)b =10.212(2)c =
21.066(5) A = 94.86(2) 8 = 91.70(2)y = 119.16(2) Z = 2,D. = 1.394 g/cmy R =
0.0330,R, = 0.0355.

Lecomteet al, studied the reaction of copper(l) bromide wigripidine-2-
thione(pymth)in the presence of triphenylphosphine(PPkielded mononuclear
complex of the formulaCu(PPh),(pymth)Br]. The complex was characterized by
elemental analysis, IR, UV-vis and NMR spectroscopkie crystal structure of
[Cu(PPH)2(pymth)Br] was determined by single-crystal X-rayfrdction methods.
(Lecomteet al,1989).



Figure 7 The structure dCu(PPH)2(pymth)Br].

Crystal data: monoclinic system, space grdRfa/n, a = 13.035(2),b =
43.660(9).c = 13.446(2) A = 90.68(2), Z = 8, D, = 1.352 glcy R = 0.067,R, =
0.069.

Skoulika et al, studied the copper(l) chloride complex with bénz-
imidazoline-2-thione(bzimty) and triphenylphosphine(PBhas ligands and the
cpmplex was characterized by elemental analysis, W/-vis and NMR
spectroscopies. Crystal structure of the complexu(P®h)(bzimtH)Cl] was

determined by X-ray analysis. (Skouliggal, 1991).
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Figure 8 The structure of [Cu(P{bzimtH,)Cl].

Crystal data: monoclinic system, space grdefp/c, a = 13.147(2),b =
18.592(3),c = 17.259(3) Ap = 97.45(2), Z = 4, D, = 1.320 g/c} R = 0.036,R, =
0.036.

Aslanidis et al, studied the reaction of [Cu(P#h,; with pyrimidine-2-
thione(pymtH) in the presence of triphenylphosp{ii) to give mononuclear
complex of the formula [Cu(PRAa(pymtH)I]. This complex was characterized by
various physicochemical methods. The crystal stinecof [Cu(PPE)2(pymtH)I] was
determined by single-crystal X-ray diffraction meatls. The molecule is
mononuclear, with a distorted tetrahedral geometrnyl bond lengths Cu-S =
2.338(4), Cu-1 = 2.674(2), Cu-P = 2.303(4) A. (Astiis et al, 1993).
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Figure 9 The molecular structure of [Cu(BR{pymtH)I].

Crystal data: monoclinic system, space grd@f/n, a = 9.708(2),b =
19.838(4),c = 19.893(4) Ap = 92.53(3), Z = 4,D. = 1.434 g/ci} R = 0.063,R, =
0.070.

Jiangping and Kazuyuki, studied the reaction of copper(l) nbide with
triphenylphosphine(PBhin the presence of benz-1,3-thiazolidine-2-th{ba&zdtH)
yielded the complex, [Cu(bztzdtH)(P#H8r)]. and the complex was characterized by
elemental analysis, IR spectroscopy aimgjle-crystal X-ray diffraction methods. The
molecule has a crystallographic center of symmigtay requires the G8 moiety to
be strictly planar. The copper atoms have a detiotetrahedral geometry and the
bztzdtH ligand is monodentate with sulfur atomsdgeid to two copper atoms.

(Jiangpingand Kazuyuki, 1996).
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Figure 10 The molecular structure of [Cu(bztzdtHPiEBr)]..

Crystal data: monoclinic system, space grdt@/c, a = 25.991(14),b =
9.206(1),c = 19.943(3) Ag = 100.02(1), Z = 4,D. = 1.62 g/cm, R = 0.033.

Aslanidiset al, studied the reaction of [Cu(PCI] with 1,3-thiazolidine-2-
thione(tzdtH) yielded mononuclear complex of thenfala [Cu(PPk).(tzdtH)CI].
The complex was characterized by single-crystala)-diffraction methods. The
copper atom has pseudotetrahedral geometry witld bemgths Cu-S = 2.4181(5),
Cu-Cl = 2.344(3), Cu-P(1) = 2.287(3) and Cu-P(22.298(2) A. (Aslanidiset al,
1998)
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Figure 11 The molecular structure of [Cu(BRtzdtH)CI].

Crystal data: monoclinic system, space grdef/c, a = 14.31(2),b =
10.009(10)c = 24.52(2) A8 = 93.53(7), Z = 4,D, = 1.395 g/lcmy R = 0.0562 R, =
0.1451.

Cox et al, studied the reaction of [Cu(PfCI] in acetonitrile/methanol
solvent with benz-1,3-thiazolidine-2-thione(bztzjitydelded product of the formula
[Cu(PPh),(bztzdtH)CI]. The complex was characterized by U¥/-vis and*H-NMR
spectroscopic data and the structure was determimedsingle crystal X-ray
diffraction methods. The copper(l) atom displaydisiorted tetrahedral environment.
In the molecule, the tetrahedral arrangement arane@dopper(l) atom is formed by
two P atoms from two triphenylphosphines with Codnd distance of 2.269(2) and
2.285(3) A, one Cl atom (Cu-Cl = 2.400(2) A) anag @ atom from the thione ligand
[Cu-S = 2.36(4)A]. (Cot al, 1999)
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Figure 12 The molecular structure of [Cu(BRtztzdtH)CI].

Crystal data: triclinic system, space grchp a=9.998(5)b =20.313(7)c =
20.874(7) A, = 82.93(6),p = 77.99(8),y = 83.60(3), Z = 2, R = 0.0399,R, =
0.1140.

Lobanaand Castineiras, synthesized and studied the osact copper(l)
chloride with pyridine-2-thione(§81sNS) and triphenylphosphine(Pfhyielded
mononuclear complex of the formula [CuKS1-CsHsNS),(PPR)CI]. The complex
was characterized using analytical data, IR andIR&4000-100 cnt), UV-vis
spectra, NMR 'H, °C) and X-ray crystallopgraphy. The strong intrancalar N-
H---Cl hydrogen bonding appear to stabilise theammn. (Lobanaand Castineiras,
2002)
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Figure 13 The structure of [CuGltS-1-CsHsNS),(PPh)CI].

Crystal data: monoclinic system, space gr&®#/c, a = 14.4776(13)b =
10.1609(14)¢ = 24.5402(9) Ap = 93.367(14) Z = 4,D, = 1.354 g/lcm, R = 0.0414,
Ry =0.0867.

Alexanderet al, synthesized copper(l) complexes Nthioacylamido(thio)
phosphates and triphenylphosphine(®PGopper is bound by two PPand SCNPX
(X=0,S) fragment of chelating ligand in all casd@siphenylphosphine molecules
reversibly dissociate in solution and yielded mamdear complexes of the formula,
(PhPXCUu[PhC(S)NP(S)(OPr<) and [(PRPLCU[ELNC(S)NP(S)(OPr4. The
complexes was characterized by elemental analyfls, NMR (*H and 3'P)

spectroscopy and X-ray crystallography. (Alexareteal, 2006).
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Figure 14 The structure of [(BPLCU[PhC(S)NP(S)(OPr-).

Crystal data: triclinic system, space grd%fp a=12.092(2)b =12.053(2)¢
=18.899(4) A = 98.25(2) 8 = 104.12(2), y = 114.65(2) Z = 2,D. = 1.29 g/cm, R
= 0.039,R, = 0.099.

Figure 15 The structure of [(ERLCU[ELNC(S)NP(S)(OPr-p).
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Crystal data: monoclinic system, space grdefa/n, a = 13.058(2),b
20.931(2),c = 17.560(6) A = 109.00(2) Z = 4, D, = 1.32 g/cm, R = 0.040,Ry
0.066.

Lobanaet al, studied the reaction of copper(l) chloride andper(l) bromide
with benzophenone thiosemicarbazone(Hbztsc) ipthsence of triphenylphosphine
(PPh) yielded monomeric tetrahedral complexes, [Gﬁ)&-Hbztsc)(PP@]-CchN
(X = Cl, Br). All complexes have been characterbgdelemental analyses, IBH,

¥%c and®'P NMR spectroscopy, and single crystallographybérmet al,2006)

Figure 16 The structure of [CuGftS-Hbztsc)(PPH]-CHsCN.

Crystal data: triclinic system, space grchp a=12.3639(8)b = 13.9423(8),
c = 14.8040(9) Az = 113.9130(10)8 = 100.6420(10)y = 94.9190(10) Z = 2, D =
1.354 g/cmi, R= 0.0490R,, = 0.1006.



18

Figure 17 The structure of [CuBfS-Hbztsc)(PP]-CH;CN.

Crystal data: triclinic system, space grd%h a = 10.356(7)b = 14.480(11),
c=17.684(13) Ax = 66.206(12)4 = 79.346(14)y = 72.729(13) Z = 2,D. = 1.386
g/cn?, R=0.0502R,, = 0.114.

Lobanaet al, studied the reaction of copper(l) chloride withophene-2-
carbaldehyde thiosemicarbazone(Httsc) in acet@itrin the presence of
triphenylphosphine (PRBh yielded a sulfur-bridged dimmer, [&ly(u-S-
Httsch(PPh)2]- 2CHCN. The complex was characterized using elememtalysis,
IR, 'H and *P NMR spectroscopy and single crystal X-ray cristabphy.
Acetonitrile is engaged in hydrogen bonding wita thlorine atom {NCChKH---Cl},
with is necessary for the stabilization of the gnndy sulfur. The Cu---Cu contact of
2.7719(5)A in complex is closed to twice the vam Aéaals radius of the Cu atom
(2.80A). (Lobanaet al, 2007).
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Figure 18 The structure of [@Dly(p2-S-Httsch(PPh)2]-2CH;CN.

Crystal data: triclinic system, space groURi, a = 9.2407(15),b =
11.1336(17)¢ = 14.125(2) A = 74.720(9)f = 71.123(9)y = 78.615(9) Z = 1, D,
=1.482 g/cm, R= 0.0363R, = 0.0719.

Lobana et al, studied the reaction of cyclopentanone
thiosemicarbazone(Hcptsc) with copper(l) bromidd &rphenylphosephine(PBhin
1:1:1 molar ratio in acetonitrile. An asymmetricmdir, [(PRP)Cuf-Br)(us-S,N—
Hcptsc)CuBr(PPY)] was formed. The complex was characterized usiegnental
analysis, IR, 'H, *C and *P NMR spectroscopy and single crystal X-ray
crystallography. (Lobanet al, 2008).
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Figure 19 The structure of [(EP)Cuu-Br)(us-S,N—Hcptsc)CuBr(PRM).

Crystal data: triclinic system, space ngRI.'_D, a = 10.356(7)b = 14.480(11),
c=17.684(13) Ax = 66.206(12)4 = 79.346(14)y = 72.729(13) Z = 2,D. = 1.386
g/cnt, R=0.0502R, = 0.114.

Belicchi-Ferrari et al, synthesized and studied complex of
bis(triphenylphosphine)copper(l) nitrate with N'-ethyl methylpyruvate
thiosemicarbarzone. The complex of the formula FRIf).(Et-Hmpt](NGs), was
characterized by elemental analysis, iR, NMR, EPR spectroscopy and X-ray
crystallography. The copper(l) ion is coordinatediwo triphenylphosphine and an
N'-ethyl methylpyruvate thiosemicarbarzone molecute its neutral form. The
thiosemicarbazone binds to the metal through tifersand the iminic nitrogen and
form a five-term chelation ring. The structure @wn in Figure 20 (Belicchi-Ferrari
et al, 2009).
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Figure 20 The structure of [Cu(PHHEt-Hmpt](NGs),].

Crystal data: orthorhombic system, space grBep2;, a = 19.057(4),b =
18.376(3)c = 24.365(8) AZ = 4,D. = 1.329 g/cy R= 0.0678R,, = 0.1811.

Lobana et al studied the reaction of copper(l) chloride compleith
thophene-2-carbaldehyd¢-methyl  thiosemicarbalzone. The complex was
characterized by elemental analysis, 1R,NMR, **C NMR, spectroscopy and X-ray
crystallography. The molecule is dinuclear, wittotvbridging chlorine atom, one P
atom and S atoms formed tetra-coordination arowpper atom. The central core
Cu@-ClCu forms parallelograms and RRfittscMe ligands occupy trans positions

across this core the structure is shown in Figaré Bbanaet al, 2009).
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Figure 21 The structure of [Qu-Cl)2(n*-S-HttscMe)(PPhy).].

Crystal data: triclinic system, space gronlﬂi, a = 11.0530(10),b =
11.1610(10)¢ = 12.1320(10) Ag = 107.540(10)8 = 91.470(10)y = 113.100(10) Z
=1,D, = 1.438 g/cmy R= 0.0412R,, = 0.1056.

1.3 Objectives

1. To study the method and find the optimum coodifor synthesizing Cu(l)
complexes with mixed ligands of triphenylphespand diphenylthiourea by
varying mole ratio of reactants, solvents, terapure of reaction and so on.

2. To synthesize and characterize the structurédsese complexes by single crystal
diffraction technique, IR, NMR and XRF spectrogies.

3. To study molecular structure, arrangement oftleéecules in unit cell, including
crystal system, cell parameters and space gybtige complexes.

4. To be the fundamental informations for otheeaesher who take them to find
more applications.

5. To present the research in academic conferangebtish in chemistry journal.



CHAPTER 2

EXPERIMENT

2. Method of study

2.1 Materials and Instruments

1)
2)
3)
4)
5)
6)
7
8)

9)

Thermometer, Gallenkamp, England, 0-360 °C

Capillary tube

Capillary melting point apparatus, Thomas ¥pUnimelt 0-360 °C
Hot plate stirrer with magnetic bar

Ultrasonic cleaner model AS 7240 AT, Autoesce

X-ray fluorescence spectrometer model PW 2P0dlips

Fourier transform infrared spectrometer, m@@a, Perkin — Elmer
Fourier transform NMR spectrometer 500 MHpdel UNITY INOVA,
Varian

Bruker SMART APEX CCD diffractometer

10) UHU epoxy adhesive

11) Fiber glass, 0.4-0.7 mm. (in diameter)

12) Bee wax

2.2 Chemicals

Products of Fluka Chemical, Buchs, Switzerland
1) N,N’-Diphenylthiourea, &H12N2S, purum

2) Triphenylphosphine, {gH1sP, purum

3) Copper(l) bromide, CuBr, L.R. grade

4) Copper(l) chloride, CuCl, L.R. grade

23



24

Products of Lab-Scan Analytical Science
1) Acetonitrile, CHCN, A.R. grade

Products of Aldrich Chemical Company, Inc
1) Copper(l) iodide, Cul, L.R. grade

2.3 Preparation of complexes

2.3.1 Preparation of [CuCI(PPh)2(dptu)]-2CH3CN complex

Triphenylphosphine (0.53g, 2.02 mmol) was dissblvia 30 cni of
acetonitrile at 40 °C and then CuCl (0.1g, 1.01 y\m@s added. The mixture was
sonicated for 15 minutes during that time a grdempiecipitate was formed\,N'-
diphenylthiourea (0.23g, 1.01 mmol) was added dmedrtew reaction mixture was
sonicated for 30 minute where upon the precipigiadually disappeared. The
resulting clear solution was filtered off and leftevaporate at room temperature. The
colorless crystals deposited upon standing forrs¢days were filtered off and dried

in vacuo.

2.3.2 Preparation of [CuBr(PPh).(dptu)]-H>O complex

Triphenylphosphine (0.37g, 1.40 mmol) was dissplvim 30 cni of
acetonitrile at 40 °C and then CuBr (0.10g, 0.70afiwas added. The mixture was
sonicated for 15 minutes during that time a grdempiscipitate was formed\,N'-
diphenylthiourea (0.16g, 0.70 mmol) was added dmedriew reaction mixture was
sonicated for 30 minute where upon the precipigtadually disappeared. The
resulting clear solution was filtered off and leftevaporate at room temperature. The
colorless crystals deposited upon standing forre¢days were filtered off and dried

in vacuo.

2.3.3 Preparation of [Cul(PPh)2(dptu)]-CH3CN complex

Triphenylphosphine (0.28g, 1.06 mmol) was dissblvia 30 cni of
acetonitrile at 70-75 °C and then Cul (0.1g, 0.580t) was added. The mixture was
stirred for 2 hours. After that formation of a cdetp clear solution,N,N’-
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diphenylthiourea (0.12g, 0.53 mmol) was added slaavid the new reaction mixture
was heated with continuous stirring for 5 hourse Tesulting clear solution was
filtered off and left to evaporate at room temperat The colorless crystals deposited
upon standing for several days, were filtered aff dried in vacuo.

2.4 Methods for Determination of Structures

2.4.1 Melting Point Measurement
Melting points of the complexes were measured apillary Melting Point

Apparatus, Thomas Hoover, Unimelt 0-360 °C.

2.4.2 Elemental Analysis
Carbon, hydrogen, nitrogen, sulfur and phospheargents in the synthetic

crystals were determined by CE Instruments flasi?19eries EA CHNS-O Analyser.

2.4.3 X-ray Fluorescence Spectrometry

Cu, S, P and halides (Cl, Br and 1) qualitative algses of
[Cu(dptu)(PPR)CI]-2CH;CN, [Cu(dptu)(PPiBr]-HO and [Cu(dptu)(PRl]-CH3CN
were performed by X-ray Fluorescence spectromeerk{n Elmer, PW2400).

2.4.4 Fourier Transfrom Infrared Spectroscopy (RJ-I

Infrared spectra in the region 4000-400"cwere measured on a Perkin-Elmer
783 Infrared Spectrophotometer and Perkin-Elmer cBpm GX FTIR-
Spectrophotometer using potassium bromide disc.

2.4.5 Fourier Transfrom NMR Spectroscopy (FT-NMR)
'H and **C-NMR spectra were recorded in DM3-on a Varian Inova
spectrometer at 500 MHz. The chemical shift valmesond scale and the coupling

constantsJ) are in Hz.
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2.5 Crystal Structure Determination

The X-ray  diffraction data of [Cu(dptu)(PHICI]-2CH;CN,
[Cu(dptu)(PPB)2Br]-H,O and [Cu(dptu)(PRhl]-CHsCN were collected using
SMART APEX CCD at Prince of Songkla University.

The structures of the synthesized crystals weterakned by following steps
in Figure 22. (Clegg, 1998)

Figure 22 shows an outline of crystal structureedsination in a simplified
form as a schematic flowchart. The involved stegsia the boxes. To the right of
each is listed the information obtained and toléfiean indication of the time-scale

involved in carrying out the operation.
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Time taken Operation Information obtained

1. Select a suitable crystal and mount i
for X-ray study

minutes/hours| 2. Obtain unit cell geometry and a, b, co, B,y

. : . crystal system space
prellmlnary symmetry information group Information on

molecular system

hours/day ﬂ
[ 3. Measure intensity data } list of h k lo(1)

J

minutes [ 4. Data reduction (various correction }

list of
h k| Fa(F) or

applied to data) hklF o (F)

J

5. Solve the structure

From minutes

some or all non-atom position
upward

J

6. Complete the structure-find all the } all atom positions

Minutes-day
atom: Fwrier and difference syntheses (approximate)

J

Minutes-day [ 7. Refine the structure model

4

[ 8. Interpret the result } Molecular geometry packing

Atom position and
displacement parameter

Arrangement etc.

Figure 22 A flowchart for the step involved in aystal structure determination
(Clegg, 1998)
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2.5.1 Selection of a Suitable Crystal

If a crystal is satisfactory for collecting X-ralffraction data, the following
characterizations must be required :

(1) A crystal must be pure at the molecular, iamatomic levels. it must be a
single crystal. It should not be grossly fracturdmnt or otherwise physically
distorted.

(2) It must be of proper size and shape, 0.2 nt

(3) Check crystals under a polarizing microscapeood single crystal will
extinguish completely on a distinct position on tihessed polarization filters.

(4) Scan crystal with the Apex CCD, i.e. make @& fguick exposures and

check the images visually on spot shape, spacidgletribution.

2.5.2 Crystal Mounting

For single-crystal diffractometry it is convenidothave the crystal mounted
so that it can be moved for proper alignment anttereng in the camera. Crystals
need to be mounted in such a way that they can d@pulated in various devices
used for intensity measurement. Two methods arerammy used to mount crystals :

(1) Crystals that are not volatile or sensitivéite environment are glued onto
a thin glass fiber with an epoxy glue (Figure 23d).studied crystals were mounted
by this method.

(2) Crystals that are air-sensitive or that degrag loss of loosely bound
solvent require special treatment. They may beedem thin-walled glass capillary
tubes (Figure 23b). Alternatively, the crystals tencoated with an inert viscous oil
and then manipulated without difficulty under a mat microscope in the open

atmosphere.
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~f—— crystal — plug
~«—— adhesive .
—~—— glass fiber /'
’ —utf—— adhesive ;Er — crystal
~— mounting pin \
() (b)

Figure 23 Crystal mounting.

2.5.3 Optical Alignment

The mounted crystal was attached to a goniometad i(Figure 24). The
goniometer head is a delicate instrument that carrdnslationally adjusted (in 3
dimensions) to bring the crystal into the X-ray ipeand center it on an axis of
rotation (omega) defined by the goniometer. Theigyoeter rotates omega slowly
during data collection to bring different reflect® into diffraction position. It is
absolutely critical that the translation screwstlb@ goniometer head be adjusted so
that the crystal is centered in the X-ray beamughout 360 degrees of rotation in

omega.
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Figure 24 The goniometer head.

2.5.4 Data Collection

The good of data collection is to determine thdides and record the
intensities of as many reflections, as rapidly afiatiently as possible. For this work,
the device used for data collection is the SMARTEXPCCD area detector with the

Bruker platform diffractometer at Prince of Songklaiversity Crystallography Lab.

2.5.5 Obtaining Unit Cell Geometry and Symmetry

Some reflections of high intensity are locatedsbyply driving the various
motor while monitoring the detector output for angde significantly above
background (a blind search, all under computerrodntFrom these positions, the
crystal orientation, unit cell geometry and refiectindices have to be determined
simultaneously, by calculations which are not senphd are usually regarded as
computer black-box methods, but they are all basséntially on the Bragg equation.
A diffractometer will often give a unit cell andientation for a crystal in less than an

hour ; a few minutes are usually enough with aa detector.
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2.5.6 The measurement of intensities

The diffractometer with CCD detector measuresnisitees of diffracted beam
in an automatic, computer-controlled process

The result of this process is a list of reflecipnsually thousands of them,
each with hkl indices and measured intensity. In addition, frolffractometer
measurements each intensitynas an associated standard uncertainly (ssu()),
which is calculated from the known statistical prdpes of the X-ray generation and
diffraction processes, and is a measure of theigioec or reliablilty of the

measurement.

2.5.7 Data Reduction

The intensity of an X-ray beam is proportionalthe square of the wave
amplitude [10kl) o | F(hkI) | ?]. The measured intensity is affected by variousdies,
eg. Lorenz-polarixation factors, absorption prolderatc., however, for which
corrections must be applied. The conversion ofnitees| to ‘observed structure
amplitudes’ | F, | (0 = observed) oF?, and, correspondingly, of s.ul) to ¢ (F,)
or s (F%) is known as data reduction and has several coemsn

The various corrections for the intensities arpliad also to their s.u.’s. The
result of this whole process, which usually takedy ca matter of minutes on a
computer, is a list of reflection ds k, |, |Fo|, o(Fo) [or h, k, 1, F%, o(F%); the
advantage of retaining the squared form is thaspecial treatment is required for

intensities measured as negative.

2.5.8 Structure Determination and Refinement

The intergration process (SAINT) has produced twopdrtant files-
compid.p4p, containing the final unit cell paramgtand important information on
how the experiment was carried out, and compid.@mfaining the actual intensity
data where compid is the compound identificatiomlecoThese files are all that
required to begin the structure solution and refieet process. The various steps in
solving and refining the structure are carried usihg the programs of the SHELXTL
package (Sheldrick, 2008).

A simplified flow chart is shown in Figure 25.
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Data Collection
SAINT - » name. 18 and
Data Reduction
nama, pip
l name. RAW
PRE Data Reduction,
XPREP [—-----# nama. Space Group
- name.PCF  patermination, and
reme S Aosorption Correction
Generate Trial
X§ [ » namelST  Solulions
Cycle until
g cod tial i name. RES
solution found Analysis of
XSHELL Trial Solutions
i name, NS
XL LST rIBITI'Bﬂre t
L - name,
Cycle uniil the amec "
refined solution l name.FCF
goue i name RES
o ance Analysls of
XSHELL Refined Solutions
l name.RES
Final Soluticn @ nameFLT Final F'II_JIB
XSHELL rameoRr  [or Fublication
name. CIF Final Tahles
name FCE — XCIF L------p name.TBL for Publication
nams PCF nama. SFT

Figure 25 A flowchart of structure determinatiomdagsfinement.

The refinement process uses a well-establishedemmitical procedure called
least-squares analysis, which define the bestwiit sets of data (her¢F,| and

| F¢|) to be that which minimizes one of the least-sgsaum X w(F? - F?)

w = Reflection weights
Fo = Observed structure factors
Fec = Calculated structure factors

If atoms of the model structure are approximatele right positions, there
should be at least some degree of resemblance éetve sets of calculated structure
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factors, | Fc|, and observed structure factofs, | . This is the most widely used

assessment is a so-called residual factor or Rifadefine as

TR
2F)
o [ZWEE—F2)
Zw(F,)?

For a correct and complete crystal structure detextion from well measured
data,R is typically around 0.02-0.05 or 2-5 %.



CHAPTER 3

RESULTS

3.1 Preparation of Complexes
The condition of preparation complexes for which X-ray crystal structures
have been determined in the course of this study are shown in Table 1. Some of their

physical propertiestogether with reacting ligands are summarized in Table 2.

Table 1 The condition of preparation compounds.

Mole Temp*
Reactants _ Solvent Complex
ratio ®)

CuCl : PPhg: dptu 1:2:1 | acetonitrile 40 [ CuCl(PPh3)2(dptu)] -2CHLCN

CuBr : PPh; : dptu 1:2:1 | acetonitrile 40 [CuBr(PPhs),(dptu)]H.O

Cul : PPh; : dptu 1:2:1 | acetonitrile | 70-75 | [Cul(PPhg)2(dptu)]-CH3CN

Temp* = temperature

34




Table 2 The physical properties of ligands and complexes.

35

Physical properties

Compound Apperance | Colour Melting point | Solubility
(°C)

Ligand dptu Powder White 150-153 Soluble*
Ligand PPhs Powder White 79-81 Soluble**
[ CuCl(PPhg),(dptu)] -2CHLN Prism Colorless 124-126 Soluble***
[ CuBr(PPhs)2(dptu)]-H-0O Prism Colorless 147-149 Soluble***
[ Cul (PPhg)2(dptu)]-CH3CN Prism Colorless 159-161 Soluble***
Soluble* = soluble in ethanol, acetone and acetonitrile
Soluble** = soluble in ethanol, acetone, acetonitrile and water
Soluble*** = soluble in chloroform, dichloromethane, DM SO, acetone and

acetonitrile




3.2 Elemetal analysis

Table 3 The partial elemental analyses of the complexes.
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Complex %C Found | %H Found | %N Found | %S Found
(Calcd)) (Cdcd)) (Cdcd)) (Cdcd))
68.12 5.14 6.13 3.57
CuCl(PPhg)2(dptu)]-2CHsCN
[CuCI(PPraJo(dptu)] 2CHs 68.16 5.18 6.00 3.43
64.87 4.74 3.18 3.48
[ CuBr(PPhs)2(dptu)]-H-0O
64.37 4.85 3.06 3.51
62.06 4.65 4,12 3.12
[ Cul (PPhs)2(dptu)]-CH3CN
62.23 4.61 4.27 3.26




3.3 X-ray Fluorescence Spectrometry

The X-ray fluorescence spectra of the compounds are shown in Figure 26-34.

Enercy (kaV)

Culch
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i
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Figure 26 The Cu(K,) spectrum of [ CuCl(PPhs),(dptu)]-2CH3CN.
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3.4 Infrared Spectroscopy

Theinfrared spectrum of the ligands and compounds are shown in Figure 35-39.

—

Wave munber (cm™)
Figure 35 The infrared spectrum of Triphenylphosphine(PPhg).
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3.5'H NMR and **C NMR Spectroscopy
The *H NMR and **C NMR Spectra of the ligands and compounds are the
shown in Figures 40-49.
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Figure 40 *H NMR spectrum of N,N’-diphenylthiourea (dptu).
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Figure 41 *H NMR spectrum of Triphenylphosphine (PPhs).
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Figure 42 *H NMR spectrum of [CuCl(PPhs),(dptu)] - 2CHsCN.
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Figure 43 *H NMR spectrum of [CuBr(PPhs),(dptu)]-H,O.
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Aromatic protons
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Figure 44 *H NMR spectrum of [Cul (PPhs),(dptu)]-CHsCN.
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Figure 45 *C NMR spectrum of N,N’-diphenylthiourea (dptu).
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Figure 46 *C NMR spectrum of Triphenyl phosphine (PPhs).
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Figure 47 *C NMR spectrum of [CuCl(PPhs)»(dptu)]-2CHsCN.
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Figure 48 **C NMR spectrum of [CuBr(PPhs)(dptu)] -H2O.
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Figure 49 *C NMR spectrum of [Cul (PPhs)(dptu)]-CHsCN.
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3.6 Singlecrystal X-ray diffractometry

3.6.1 Crystal Structures
These results from crystal structure determination using SHELXTL and
WinGX program system (Sheldrick, 1998) are shown in Table 4-12, Figure 50-64.



Table 4 The crystallograpraphic data for [ CuCl(PPhg)2(dptu)]-2CH3CN.
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Empirical formula
Formulaweight
Temperature
Wavelength
Crystal system

Space group
Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Compl eteness to theta = 25.00°
Absorption correction

Max. and min. transmission

Refinement method

Data/ restraints/ parameters
Goodness-of-fit on F2

Final Rindices[1>24(1)]
Rindices (all data)

Largest diff. peak and hole

Cs3H4gCICUN,4P,S
933.94

293(2) K

0.71073 A

Triclinic

P1

a=11.09460(10) A & = 103.0340(1)°

b =12.8345(2) A
c =18.5790(8) A
2388.76(11) A’
2

1.298 Mg/m3

0.664 mm-1
972

0.276 x 0.209 x 0.09 mm3
1.76 to 22.50°

B =90.6470(1)°
y = 111.2920(1)°

-11<=h<=11, -13<=k<=13, -20<=I<=20

17703
6233 [R(int) = 0.0364]
100.0 %

Semi-empirical from equivalents

0.870 and 0.514

Full-matrix | east-squares on F2
6233/ 0/ 559

0.984
R1=0.0414, wR2 = 0.1174
R1 = 0.0525, wR2 = 0.1259

0.355and-0.345e A~




Table 5 Non-hydrogen interatomic distances of [ CuCl(PPhs),(dptu)]-2CH3CN.
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Atom Distance (A)
Cu(1)-CI(2) 2.3568(10)
Cu(1)-S(2) 2.3702(10)
Cu(1)-P(2) 2.3000(10)
Cu(1)-P(2) 2.2746(10)
C(1)-S(1) 1.695(4)
C(11A)-P(2) 1.833(4)
C(21A)-P(1) 1.837(4)
C(31A)-P(1) 1.834(4)
C(11B)-P(2) 1.832(3)
C(21B)-P(2) 1.834(3)
C(31B)-P(2) 1.830(3)
N(1)-C(2) 1.330(5)
N(1)-C(12) 1.434(5)
N(2)-C(2) 1.338(4)
N(2)-C(21) 1.425(5)
N(5)-C(7) 1.24(3)
C(5)-N(4) 1.062(10)
C(5)-C(4) 1.442(10)
C(7)-C(6) 1.22(2)
C(6)-C(6)#1 2.30(7)
C(11)-C(12) 1.375(6)
C(11)-C(16) 1.351(6)
C(12)-C(13) 1.362(7)
C(13)-C(14) 1.327(7)
C(14)-C(15) 1.351(7)
C(16)-C(15) 1.419(7)




Table 5 (continued).

64

Atom

Distance (A)

C(21)-C(22)

C(21)-C(26)

C(22)-C(23)

C(23)-C(24)

C(24)-C(25)

C(26)-C(25)

C(11A)-C(12A)
C(11A)-C(16A)
C(13A)-C(12A)
C(13A)-C(14A)
C(14A)-C(15A)
C(16A)-C(15A)
C(21A)-C(22A)
C(21A)-C(26A)
C(22A)-C(23A)
C(24A)-C(23A)
C(24A)-C(25A)
C(26A)-C(25A)
C(31A)-C(32A)
C(31A)-C(36A)
C(32A)-C(33A)
C(33A)-C(34A)
C(34A)-C(35A)
C(36A)-C(35A)
C(11B)-C(12B)
C(11B)-C(16B)
C(12B)-C(13B)

1.344(7)
1.321(7)
1.391(9)
1.346(12)
1.296(13)
1.398(10)
1.373(5)
1.376(6)
1.401(6)
1.357(8)
1.357(8)
1.388(7)
1.380(5)
1.381(5)
1.371(6)
1.359(6)
1.371(6)
1.382(6)
1.399(5)
1.357(5)
1.374(6)
1.367(7)
1.364(7)
1.388(6)
1.376(5)
1.377(5)
1.373(5)




Table 5 (continued).
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Atom

Distance (A)

C(13B)-C(14B)
C(14B)-C(15B)
C(16B)-C(15B)
C(21B)-C(22B)
C(21B)-C(26B)
C(22B)-C(23B)
C(23B)-C(24B)
C(24B)-C(25B)
C(26B)-C(25B)
C(31B)-C(32B)
C(31B)-C(36B)
C(32B)-C(33B)
C(33B)-C(34B)
C(34B)-C(35B)
C(36B)-C(35B)

1.365(6)
1.360(6)
1.377(6)
1.379(5)
1.382(5)
1.384(6)
1.365(6)
1.383(7)
1.377(6)
1.378(5)
1.392(5)
1.385(5)
1.368(6)
1.376(6)
1.385(6)




Table 6 Non-hydrogen interbond angles of [ CuCl(PPhs),(dptu)] -2CH3CN.
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Atom

Angle (°)

CI(1)-Cu(1)-S(2)
P(1)-Cu(1)-Cl(1)
P(1)-Cu(1)-S(1)
P(2)-Cu(1)-P(1)
P(2)-Cu(1)-Cl(1)
P(2)-Cu(1)-S(1)
N(1)-C(1)-S(1)
N(1)-C(1)-N(2)
N(2)-C(1)-S(1)
N(4)-C(5)-C(4)
N(5)-C(7)-C(6)
C(1)-S(1)-Cu(1)
C(1)-N(1)-C(12)
C(1)-N(2)-C(21)
C(7)-C(6)-C(8)
C(11)-C(16)-C(15)
C(12)-C(11)-N(2)
C(13)-C(12)-C(11)
C(13)-C(14)-C(15)
C(14)-C(13)-C(12)
C(14)-C(15)-C(16)
C(16)-C(11)-N(2)
C(16)-C(11)-C(12)
C(21)-C(22)-C(23)
C(21)-C(26)-C(25)
C(22)-C(21)-N(2)
C(24)-C(23)-C(22)

109.48(4)
111.08(4)
103.41(4)
122.56(4)
104.03(4)
105.83(4)
121.1(3)
117.4(3)
121.5(3)
175.1(10)
172(4)
110.41(13)
124.8(3)
124.7(3)
126(4)
119.3(5)
119.8(4)
120.4(5)
121.1(5)
120.7(5)
119.1(5)
120.8(4)
119.4(4)
120.2(7)
119.3(7)
120.7(4)
119.0(8)
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Table 6 (continued).

Atom Angle (°)
C(24)-C(25)-C(26) 121.4(9)
C(25)-C(24)-C(23) 120.2(8)
C(26)-C(21)-N(2) 119.5(5)
C(26)-C(21)-C(22) 119.8(5)
C(11A)-P(1)-Cu(1) 112.23(12)
C(11A)-P(1)-C(21A) 103.30(16)
C(11A)-P(1)-C(31A) 102.19(16)
C(21A)-P(1)-Cu(1) 114.73(12)
C(31A)-P(1)-Cu(1) 120.30(12)
C(31A)-P(1)-C(21A) 101.99(16)
C(11B)-P(2)-C(21B) 101.71(15)
C(11B)-P(2)-Cu(1) 116.17(11)
C(21B)-P(2)-Cu(1) 117.61(12)
C(31B)-P(2)-Cu(1) 112.61(12)
C(31B)-P(2)-C(11B) 104.69(15)
C(31B)-P(2)-C(21B) 102.24(15)
C(11A)-C(12A)-C(13A) 120.3(4)
C(11A)-C(16A)-C(15A) 120.4(5)
C(12A)-C(11A)-P(1) 117.1(3)
C(12A)-C(11A)-C(16A) 118.6(4)
C(13A)-C(14A)-C(15A) 119.8(5)
C(14A)-C(13A)-C(12A) 120.2(5)
C(14A)-C(15A)-C(16A) 120.6(5)
C(16A)-C(11A)-P(2) 124.3(3)
C(21A)-C(26A)-C(25A) 120.8(4)
C(22A)-C(21A)-P(2) 123.3(3)
C(23A)-C(22A)-C(21A) 121.1(4)
C(23A)-C(24A)-C(25A) 119.9(4)




Table 6 (continued).
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Atom

Angle (°)

C(24A)-C(23A)-C(22A)
C(24A)-C(25A)-C(26A)
C(26A)-C(21A)-P(1)

C(26A)-C(21A)-C(22A)
C(31A)-C(36A)-C(35A)
C(32A)-C(31A)-P(1)

C(33A)-C(32A)-C(31A)
C(34A)-C(33A)-C(32A)
C(34A)-C(35A)-C(36A)
C(35A)-C(34A)-C(33A)
C(36A)-C(31A)-P(1)

C(36A)-C(31A)-C(32A)
C(12B)-C(11B)-P(2)

C(12B)-C(11B)-C(16B)
C(13B)-C(12B)-C(11B)
C(13B)-C(14B)-C(15B)
C(14B)-C(13B)-C(12B)
C(14B)-C(15B)-C(16B)
C(15B)-C(16B)-C(11B)
C(16B)-C(11B)-P(2)

C(22B)-C(21B)-P(2)

C(23B)-C(22B)-C(21B)
C(23B)-C(24B)-C(25B)
C(24B)-C(23B)-C(22B)
C(25B)-C(26B)-C(21B)
C(26B)-C(21B)-P(2)

C(26B)-C(21B)-C(22B)
C(26B)-C(25B)-C(24B)

120.4(4)
119.8(4)
118.6(3)
118.0(4)
120.6(4)
121.5(3)
120.4(4)
120.1(4)
120.3(4)
119.9(4)
119.8(3)
118.7(4)
123.6(3)
117.6(3)
121.2(4)
119.3(4)
120.4(4)
120.4(4)
121.1(4)
118.8(3)
123.2(3)
121.1(4)
120.0(4)
119.8(4)
120.9(4)
118.4(3)
118.4(3)
119.8(4)




Table 6 (continued).

Atom Angle (°)
C(31B)-C(32B)-C(33B) 120.6(4)
C(32B)-C(31B)-P(2) 124.1(3)
C(32B)-C(31B)-C(36B) 118.8(3)
C(33B)-C(34B)-C(35B) 120.5(4)
C(34B)-C(33B)-C(32B) 120.0(4)
C(34B)-C(35B)-C(36B) 119.6(4)
C(35B)-C(36B)-C(31B) 120.5(4)
C(36B)-C(31B)-P(2) 117.03)

Figure 50 The structure of [ CuCl(PPhs)2(dptu)] -2CH3CN.
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Figure 51 Unit cell contents of [ CuCl(PPhsz)2(dptu)]-2CH3CN. projected down a.
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Figure 52 Unit cell contents of [ CuCl(PPhz)2(dptu)]-2CH3CN. projected down b.
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Figure 54 Hydrogen bonding the interaction of [ CuCl(PPhs),(dptu)]-2CH3CN..



Table 7 The crystallograpraphic data for [ CuBr(PPhs).(dptu)] -H2O.
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Empirical formula
Formulaweight
Temperature
Wavelength
Crystal system

Space group
Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Compl eteness to theta = 25.00°
Absorption correction

Max. and min. transmission

Refinement method

Data/ restraints/ parameters
Goodness-of-fit on F2

Final Rindices[1>24(1)]
Rindices (all data)

Largest diff. peak and hole

Ca9H44BrCuN,OP,S
914.31

293(2) K

0.71073 A
Triclinic

P1 (No.2)
a=10.8100(11) A
b=12.2861(13) A
c = 18.9086(19) A
2207.7(4) A

2

1.375 Mg/m3

1.558 mm-1
940

0.276 x 0.209 x 0.09 mm3
1.88 to 25.00°

a = 73.330(2)°
£ =188.921(2)°
y = 67.318(2)°

-12<=h<=12, -14<=k<=14, -22<=|<=22

20043
7765 [R(int) = 0.0626]
99.9 %

Semi-empirical from equivalents

0.870 and 0.514

Full-matrix | east-squares on F2
7765/ 3/519

0.875
R1 = 0.0498, wR2 = 0.1079
R1=0.1053, wR2 = 0.1231

0.715and -0478 . A~




Table 8 Non-hydrogen interatomic distances of [ CuBr(PPhg)2(dptu)]-H-O.
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Atom Distance (A)
Cu(1)-P(2) 2.2719(13)
Cu(1)-P(2) 2.3110(13)
Cu(1)-S(1) 2.3635(13)
Cu(1)-Br(1) 2.5102(7)
S(1)-C(1) 1.689(5)
P(1)-C(11A) 1.824(4)
P(1)-C(31A) 1.826(5)
P(1)-C(21A) 1.841(5)
P(2)-C(11B) 1.826(4)
P(2)-C(31B) 1.829(5)
P(2)-C(21B) 1.832(5)
N(1)-C(1) 1.336(6)
N(1)-C(11) 1.422(6)
N(2)-C(1) 1.343(5)
N(2)-C(21) 1.425(6)
C(11)-C(16) 1.375(7)
C(11)-C(12) 1.381(7)
C(12)-C(13) 1.396(7)
C(13)-C(14) 1.353(9)
C(14)-C(15) 1.347(1)
C(15)-C(16) 1.382(8)
C(21)-C(26) 1.361(7)
C(21)-C(22) 1.375(7)
C(22)-C(23) 1.370(7)
C(23)-C(24) 1.355(9)
C(24)-C(25) 1.354(9)
C(25)-C(26) 1.383(8)




Table 8 (continued).
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Atom

Distance (A)

C(11A)-C(12A)
C(11A)-C(16A)
C(12A)-C(13A)
C(13A)-C(14A)
C(14A)-C(15A)
C(15A)-C(16A)
C(21A)-C(26A)
C(21A)-C(22A)
C(22A)-C(23A)
C(23A)-C(24A)
C(24A)-C(25A)
C(25A)-C(26A)
C(31A)-C(32A)
C(31A)-C(36A)
C(32A)-C(33A)
C(33A)-C(34A)
C(34A)-C(35A)
C(35A)-C(36A)
C(11B)-C(12B)
C(11B)-C(16B)
C(12B)-C(13B)
C(13B)-C(14B)
C(14B)-C(15B)
C(15B)-C(16B)
C(21B)-C(22B)
C(21B)-C(26B)
C(22B)-C(23B)

1.371(6)
1.376(7)
1.376(7)
1.350(8)
1.353(9)
1.380(7)
1.367(6)
1.373(6)
1.368(7)
1.350(7)
1.367(7)
1.382(7)
1.384(6)
1.391(6)
1.375(6)
1.379(7)
1.376(7)
1.370(6)
1.382(6)
1.399(6)
1.383(6)
1.387(8)
1.375(8)
1.367(7)
1.378(6)
1.394(6)
1.384(7)




Table 8 (continued).
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Atom Distance (A)
C(23B)-C(24B) 1.386(8)
C(24B)-C(25B) 1.343(7)
C(25B)-C(26B) 1.372(7)
C(31B)-C(32B) 1.385(6)
C(31B)-C(36B) 1.389(6)
C(32B)-C(33B) 1.383(7)
C(33B)-C(34B) 1.350(9)
C(34B)-C(35B) 1.377(8)
C(35B)-C(36B) 1.368(7)
Cu(1)-P(2) 2.2719(1)
Cu(1)-P(2) 2.3110(2)
Cu(1)-S(1) 2.3635(1)
Cu(1)-Br(1) 2.5102(7)
S(1)-C(D) 1.689(5)
P(1)-C(11A) 1.824(4)
P(1)-C(31A) 1.826(5)
P(1)-C(21A) 1.841(5)
P(2)-C(11B) 1.826(4)
P(2)-C(31B) 1.829(5)
P(2)-C(21B) 1.832(5)
N(1)-C(1) 1.336(6)
N(1)-C(11) 1.422(6)
N(2)-C(2) 1.343(5)




Table 9 Non-hydrogen interbond angles of [ CuBr(PPhs),(dptu)]-H-O.
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Atom Angle (°)
P(1)-Cu(1)-P(2) 120.01(5)
P(1)-Cu(1)-S(1) 110.13(5)
P(2)-Cu(1)-S(1) 103.19(5)
P(1)-Cu(1)-Br(1) 100.94(4)
P(2)-Cu(1)-Br(1) 112.94(4)
S(1)-Cu(1)-Br(1) 109.58(4)
C(1)-S(1)-Cu(L) 111.23(16)
C(11A)-P(1)-C(31A) 101.6(2
C(11A)-P(1)-C(21A) 102.0(2)
C(31A)-P(1)-C(21A) 102.9(2)
C(11A)-P(1)-Cu(1) 117.96(15)
C(31A)-P(1)-Cu(1) 111.37(15)
C(21A)-P(1)-Cu(1) 118.71(14)
C(11B)-P(2)-C(31B) 105.8(2)
C(11B)-P(2)-C(21B) 100.8(2)
C(31B)-P(2)-C(21B) 101.2(2)
C(11B)-P(2)-Cu(1) 110.85(15)
C(31B)-P(2)-Cu(1) 111.62(15)
C(21B)-P(2)-Cu(1) 124.75(15)
C(1)-N(1)-C(11) 128.9(4)
C(1)-N(2)-C(21) 126.3(4)
N(1)-C(1)-N(2) 116.8(4)
N(1)-C(1)-S(1) 120.6(3)
N(2)-C(1)-S(1) 122.5(4)
C(16)-C(11)-C(12) 120.6(6)
C(16)-C(11)-N(1) 120.6(5)

C(12)-C(11)-N(1)

118.5(5)




Table 9 (continued).
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Atom Angle (°)
C(11)-C(12)-C(13) 117.4(6)
C(14)-C(13)-C(12) 121.3(6)
C(15)-C(14)-C(13) 121.0(7)
C(14)-C(15)-C(16) 119.5(7)
C(11)-C(16)-C(15) 120.1(6)
C(26)-C(21)-C(22) 120.0(5)
C(26)-C(21)-N(2) 119.7(5)
C(22)-C(21)-N(2) 120.2(5)
C(23)-C(22)-C(21) 119.4(6)
C(24)-C(23)-C(22) 120.9(6)
C(25)-C(24)-C(23) 119.7(6)
C(24)-C(25)-C(26) 120.4(6)
C(21)-C(26)-C(25) 119.6(6)
C(12A)-C(11A)-C(16A) 117.6(4)
C(12A)-C(11A)-P() 124.0(4)
C(16A)-C(11A)-P(1) 118.3(4)
C(11A)-C(12A)-C(13A) 122.0(5)
C(14A)-C(13A)-C(12A) 119.4(6)
C(13A)-C(14A)-C(15A) 119.8(6)
C(14A)-C(15A)-C(16A) 121.2(6)
C(11A)-C(16A)-C(15A) 119.8(5)
C(26A)-C(21A)-C(22A) 118.0(4)
C(26A)-C(21A)-P(1) 123.1(3)
C(22A)-C(21A)-P(1) 118.9(4)
C(23A)-C(22A)-C(21A) 121.8(5)
C(24A)-C(23A)-C(22A) 119.5(5)
C(23A)-C(24A)-C(25A) 120.2(5)




Table 9 (continued).
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Atom

Angle (°)

C(24A)-C(25A)-C(26A)
C(21A)-C(26A)-C(25A)
C(32A)-C(31A)-C(36A)
C(32A)-C(31A)-P(1)

C(36A)-C(31A)-P(1)

C(33A)-C(32A)-C(31A)
C(32A)-C(33A)-C(34A)
C(35A)-C(34A)-C(33A)
C(36A)-C(35A)-C(34A)
C(35A)-C(36A)-C(31A)
C(12B)-C(11B)-C(16B)
C(12B)-C(11B)-P(2)

C(16B)-C(11B)-P(2)

C(11B)-C(12B)-C(13B)
C(12B)-C(13B)-C(14B)
C(15B)-C(14B)-C(13B)
C(16B)-C(15B)-C(14B)
C(15B)-C(16B)-C(11B)
C(22B)-C(21B)-C(26B)
C(22B)-C(21B)-P(2)

C(26B)-C(21B)-P(2)

C(22B)-C(23B)-C(24B)
C(25B)-C(24B)-C(23B)
C(24B)-C(25B)-C(26B)
C(25B)-C(26B)-C(21B)
C(32B)-C(31B)-C(36B)
C(32B)-C(31B)-P(2)

119.9(5)
120.5(5)
118.6(4)
123.6(4)
117.7(4)
120.5(5)
120.2(5)
119.8(5)
120.1(5)
120.8(5)
116.7(4)
120.0(4)
122.8(4)
122.4(5)
119.0(5)
119.8(5)
120.2(5)
121.8(5)
118.3(5)
119.6(4)
122.0(4)
119.4(5)
119.9(5)
121.4(5)
120.1(5)
118.0(5)
125.8(4)




Table 9 (continued).
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Atom Angle (°)
C(36B)-C(31B)-P(2) 116.2(4)
C(33B)-C(32B)-C(31B) 120.3(5)
C(34B)-C(33B)-C(32B) 120.6(6)
C(33B)-C(34B)-C(35B) 120.1(6)
C(36B)-C(35B)-C(34B) 119.9(6)
C(35B)-C(36B)-C(31B) 121.1(5)

Figure 55 The structure of [ CuBr(PPhs),(dptu)]-H-0.



Figure 57 Unit cell contents of [ CuBr(PPhs),(dptu)] -H2O projected down b.
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Figure 58 Unit cell contents of [ CuBr(PPhs),(dptu)]-H2O projected down c.

Figure 59. Hydrogen bonding the interaction of [ CuBr(PPhs)(dptu)]-H.O
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Table 10 The crystallograpraphic data for [ Cul (PPhs)2(dptu)]-CH3CN.
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Empirical formula
Formulaweight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Compl eteness to theta = 25.00°
Absorption correction

Max. and min. transmission

Refinement method

Data/ restraints/ parameters
Goodness-of-fit on F2

Fina R indices[I>24(1)]
Rindices (all data)

Largest diff. peak and hole

Cs1HsCUIN3P,S
984.34

293(2) K
0.71073 A
Orthorhombic
P212:2;

a=13.9088(7) A o =90°
b = 16.5452(8) A p=90°
¢ =20.2573(10) A y =90°

4661.7(4) A
4

1.403 Mg/m3

1.282 mm-1
2000

0.243 x 0.181 x 0.103 mm3
1.59 to 25.00°

-16<=h<=16, -19<=k<=19, -24<=|<=24

43539
8203 [R(int) = 0.0300]
100.0 %

Semi-empirical from equivalents

0.880 and 0.767

Full-matrix | east-squares on F2
8203/2/539

1.051
R1 = 0.0245, wR2 = 0.0573
R1 =0.0261, wR2 = 0.0581

0.443 and -0.161 e A~




Table 11 Non-hydrogen interatomic distances of [ Cul (PPhg)2(dptu)]-CH3CN.
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Atom Distance (A)
Cu(1)-P(1) 2.2996(8)
Cu(1)-P(2) 2.3111(8)
Cu(1)-S(1) 2.3808(8)
Cu(1)-1(1) 2.6718(4)
S(1)-C(2) 1.696(3)
P(1)-C(31A) 1.834(3)
P(1)-C(11A) 1.836(3)
P(1)-C(21A) 1.837(3)
P(2)-C(31B) 1.829(3)
P(2)-C(11B) 1.838(3)
P(2)-C(21B) 1.844(3)
N(1)-C(1) 1.337(4)
N(1)-C(11) 1.418(4)
N(2)-C(1) 1.341(4)
N(2)-C(21) 1.426(4)
C(11)-C(12) 1.378(5)
C(11)-C(16) 1.384(5)
C(12)-C(13) 1.391(5)
C(13)-C(14) 1.355(6)
C(14)-C(15) 1.358(6)
C(15)-C(16) 1.390(5)
C(21)-C(22) 1.339(6)
C(21)-C(26) 1.384(6)
C(22)-C(23) 1.431(8)
C(23)-C(24) 1.364(9)
C(24)-C(25) 1.312(8)
C(25)-C(26) 1.374(7)
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Table 11 (continued).

Atom Distance (A)
C(11A)-C(16A) 1.382(4)
C(11A)-C(12A) 1.383(4)
C(12A)-C(13A) 1.375(5)
C(13A)-C(14A) 1.358(5)
C(14A)-C(15A) 1.370(5)
C(15A)-C(16A) 1.391(5)
C(21A)-C(22A) 1.387(4)
C(21A)-C(26A) 1.389(4)
C(22A)-C(23A) 1.375(4)
C(23A)-C(24A) 1.365(5)
C(24A)-C(25A) 1.368(5)
C(25A)-C(26A) 1.389(4)
C(31A)-C(36A) 1.375(4)
C(31A)-C(32A) 1.398(4)
C(32A)-C(33A) 1.379(5)
C(33A)-C(34A) 1.368(6)
C(34A)-C(35A) 1.373(6)
C(35A)-C(36A) 1.377(5)
C(11B)-C(16B) 1.382(4)
C(11B)-C(12B) 1.393(4)
C(12B)-C(13B) 1.371(5)
C(14B)-C(15B) 1.373(6)
C(15B)-C(16B) 1.386(5)
C(21B)-C(22B) 1.346(5)
C(21B)-C(26B) 1.362(5)
C(22B)-C(23B) 1.383(5)
C(23B)-C(24B) 1.337(6)
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Table 11 (continued).

Atom Distance (A)
C(24B)-C(25B) 1.362(6)
C(25B)-C(26B) 1.372(6)
C(31B)-C(36B) 1.363(5)
C(31B)-C(32B) 1.364(5)
C(32B)-C(33B) 1.392(5)
C(33B)-C(34B) 1.360(6)
C(34B)-C(35B) 1.352(7)
C(35B)-C(36B) 1.376(6)
C(2)-C(3) 1.439(9)
C(3)-N(3) 1.133(8)




Table 12 Non-hydrogen interbond angles of [Cul (PPhs),(dptu)]-CH3CN.

Atom Angle (°)
P(1)-Cu(1)-P(2) 121.35(3)
P(1)-Cu(1)-S(2) 108.74(3)
P(2)-Cu(1)-S(2) 100.90(3)
P(1)-Cu(1)-1(1) 106.82(2)
P(2)-Cu(1)-1(1) 105.72(2)
S(1)-Cu(2)-1(2) 113.47(2)
C(1)-S(2)-Cu(1) 113.00(11)
C(31A)-P(1)-C(11A) 104.70(13)
C(31A)-P(1)-C(21A) 102.11(12)
C(11A)-P(1)-C(21A) 98.51(12)
C(31A)-P(1)-Cu(1) 113.73(9)
C(11A)-P(1)-Cu(1) 118.58(10)
C(21A)-P(1)-Cu(1) 116.82(9)
C(31B)-P(2)-C(11B) 100.05(13)
C(31B)-P(2)-C(21B) 102.74(13)
C(11B)-P(2)-C(21B) 105.82(13)
C(31B)-P(2)-Cu(1) 112.77(9)
C(11B)-P(2)-Cu(2) 120.53(9)
C(21B)-P(2)-Cu(2) 112.83(10)
C(1)-N(1)-C(11) 128.5(3)
C(1)-N(2)-C(21) 127.6(3)
N(1)-C(1)-N(2) 116.8(3)
N(1)-C(1)-S(1) 121.3(2)
N(2)-C(1)-$(1) 121.8(2)
C(12)-C(11)-C(16) 120.0(3)
C(12)-C(11)-N(1) 118.2(3)




Table 12 (continued).
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Atom

Angle (°)

C(16)-C(11)-N(2)
C(11)-C(12)-C(13)
C(14)-C(13)-C(12)
C(13)-C(14)-C(15)
C(14)-C(15)-C(16)
C(11)-C(16)-C(15)
C(22)-C(21)-C(26)
C(22)-C(21)-N(2)
C(26)-C(21)-N(2)
C(21)-C(22)-C(23)
C(24)-C(23)-C(22)
C(25)-C(24)-C(23)
C(24)-C(25)-C(26)
C(25)-C(26)-C(21)
C(16A)-C(11A)-C(12A)
C(16A)-C(11A)-P(1)
C(12A)-C(11A)-P(1)
C(13A)-C(12A)-C(11A)
C(14A)-C(13A)-C(12A)
C(13A)-C(14A)-C(15A)
C(14A)-C(15A)-C(16A)
C(11A)-C(16A)-C(15A)
C(22A)-C(21A)-C(26A)
C(22A)-C(21A)-P(1)
C(26A)-C(21A)-P(1)
C(23A)-C(22A)-C(21A)

121.8(3)
119.9(3)
119.8(4)
120.6(4)
120.9(4)
118.6(4)
121.6(4)
121.1(4)
117.0(4)
117.5(6)
119.2(6)
122.1(6)
120.2(6)
119.4(5)
118.0(3)
120.1(2)
121.8(2)
120.9(3)
121.2(3)
118.9(3)
120.8(3)
120.2(3)
118.9(3)
116.8(2)
124.2(2)
120.3(3)




Table 12 (continued).
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Atom

Angle (°)

C(24A)-C(23A)-C(22A)
C(23A)-C(24A)-C(25A)
C(24A)-C(25A)-C(26A)
C(25A)-C(26A)-C(21A)
C(36A)-C(31A)-C(32A)
C(36A)-C(31A)-P(1)

C(32A)-C(31A)-P(1)

C(33A)-C(32A)-C(31A)
C(34A)-C(33A)-C(32A)
C(33A)-C(34A)-C(35A)
C(34A)-C(35A)-C(36A)
C(31A)-C(36A)-C(35A)
C(16B)-C(11B)-C(12B)
C(16B)-C(11B)-P(2)

C(12B)-C(11B)-P(2)

C(13B)-C(12B)-C(11B)
C(14B)-C(13B)-C(12B)
C(13B)-C(14B)-C(15B)
C(14B)-C(15B)-C(16B)
C(11B)-C(16B)-C(15B)
C(22B)-C(21B)-C(26B)
C(22B)-C(21B)-P(2)

C(26B)-C(21B)-P(2)

C(21B)-C(22B)-C(23B)
C(24B)-C(23B)-C(22B)
C(23B)-C(24B)-C(25B)

120.8(3)
119.7(3)
120.6(3)
119.6(3)
118.5(3)
124.4(2)
117.1(2)
120.0(3)
120.8(4)
119.4(3)
120.6(4)
120.7(3)
118.7(3)
118.3(2)
123.0(2)
120.3(4)
120.7(4)
120.0(4)
120.2(4)
120.0(3)
116.9(3)
117.9(3)
125.2(3)
121.8(4)
120.5(4)
119.0(4)




Table 12 (continued).

Atom Angle (°)
C(24B)-C(25B)-C(26B) 119.7(4)
C(21B)-C(26B)-C(25B) 122.1(4)
C(36B)-C(31B)-C(32B) 119.0(3)
C(36B)-C(31B)-P(2) 122.2(3)
C(32B)-C(31B)-P(2) 118.7(2)
C(31B)-C(32B)-C(33B) 120.7(4)
C(34B)-C(33B)-C(32B) 119.2(4)
C(35B)-C(34B)-C(33B) 119.9(4)
C(34B)-C(35B)-C(36B) 121.0(4)
C(31B)-C(36B)-C(35B) 120.0(4)
N(3)-C(3)-C(2) 178.3(8)

Figure 60 The structure of [Cul (PPhsz)2(dptu)]-CH3CN.
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Figure 62 Unit cell contents of [Cul (PPhs)2(dptu)]-CH3CN projected down b.
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Figure 63 Unit cell contents of [Cul (PPhs),(dptu)]-CH3CN projected down c.
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Figure 64 Hydrogen bonding the interaction of [ Cul (PPhs)2(dptu)]-CH3CN.



CHAPTER 4

DISCUSSION

4.1 Preparation of complexes

The purpose of this research is to study the strastof copper(l) complexes
with mixed ligands of triphenylphosphine (RPandN,N’-diphenylthiourea (dptu) by
single X-ray diffracton method. The preparationtttése complexes has been carried
out from direct reactions of copper(l) halides (CuX = CI. Br, I) with N,N’-
diphenylthiourea and triphenylphosphine by varyingactions, mole ratio of
reactions, solvent, reaction temperation time. Jineable conditions for preparing all
complexes are shown in Table 1. However in thisaesh most preferred mole ratio
of the CuX (X = Cl. Br, | ) with dptu and PPRlf complexes is 1:2:1, In addition,
most reaction could form more complexes at tempegain the range of 40-75°
because reactants could be more soluble in solvespecially copper salts and
crystallization of these complexes was obtainedlbwly solvent evaporation. The
complexes are colorless solids soluble in acetoaegtonitrile, chloroform,

dichloromethane and DMSO, but insoluble in watet athanol.

4.2 Elemental Analysis

This method was utilized to indicate the quanti&ttomposition of C, H, N
and S in complexes by CHN Elemental Analyzer isortgu. The accepted
experiment results must be close to calculated diagaractice, the experimental data
are usually slightly different from the calculatddta because of the impurity, the
moisture and how sensitive of samples to the de &xperimental and calculated
data are compared in Table 3.
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4.3 X-ray Fluorescence Spectrometry

This method was used to measure the elemental atigm of compounds
such as Cu, S and halides (Cl, Br, I). From XRFcspeof [Cu(PP/(dptu)CI|-2CHCN,
[Cu(PPh)2(dptu)l]-H,O and [Cu(PP¥).(dptu)l]-CHCN, complexes which the K
spectrum of Cu, Cl, Br, | appears at 8.04, 2.6293,128.67 keV, respectively,
represented for copper(l) salts. In addition, S Bnatoms are respresented for dptu
and PPk respectively in which the Kspectrum appears at 2.31 and 2.01 keV for S
and P, respectively. The XRF spectra for all comgdeare illustrated in Figures 26-
34.

4.4 Infrared spectrometry

Infrared spectroscopy is one of the most commorctspecopic techniques
used by organic and inorganic chemists. Simplis the absorption measurement of
different IR frequencies by a sample positionethm path of an IR beam. The main
goal of IR spectroscopic analysis is to determitveedchemical functional groups in the
sample. Different functional groups absorb charsstie frequencies of IR radiation.
Using various sampling accessories, IR spectromeatan accept a wide range of
sample types such as gases, liquids, and solidss, TR spectroscopy is an important
and popular tool for structural elucidation and ponnd identification. (Sherman
Hsu, 1997).

N,N’-diphenylthiourea (dptu) ligand consists of the $CHfoup as shown in
figure 1., which may be adopted either thione f¢8rC-N-H) or the thiol form (H-
S-C=N). The free ligands adopt the thione form lwe tfree state and in their
complexes (Figure 35-39). This is distinct by thsence of the(S-H) band in the
region of 2,600-2,550 crhand by presence ofN-H) in the range 3,100-3400 €m

Yamaguchi assigned the infrared absorption bandsdme metal thiourea
complexes such as tetrakis(thiourea)platinum(ll) loctie, tetrakis(thiourea)
palladium(ll) chloride, dichlorobis(thiourea)zinf(l dithiocyanatobis(thiourea)

nickel(ll), dichlorobis(thiourea)platinum(ll). Thignvestigation was undertaken to
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assign the infrared absorption bands for metalutiéi@ complexes based on the

normal vibration calculation of the thiourea moliegifYamaguchetal., 1958).

Table 13 The previous studies of infrared absonpsipectra for some metal thiourea

and substituted thioureas.

Region (cm™) M ode of vibration References
3350 v(N-H)
1600 o(NHy) _
1500 W(CN) Yamaguchietal., 1958
700 v(C=S) +v{C-N)
3000 v(N-H)
2900 v(C-H)
1600 S(N-H)
1500 W(N-H) + vad C-N) Laneetal., 1959
1000 V(C-N) +v(N-H) +v(C=S)
700 v(C=S) +v(C-N)
3000 v(N-H)
1400 W(C-N) +6(C-H)
1200 v(C=S)+ v(C-N) +(C-H) Creightonetal., 1985
1000 V(C-N) +v¢(C=S)
700 vs(C=S)+ vag(C-N)
2900 v(N-H)
1510 v(NH>)
1320 v(C=N) +v(C-N) +v(C=S) | Karagiannidisetal., 1989
1000 W(C=S)+ v(C-N)
750 V(C=S)




Table 13 (continued).
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Region (cm™) M ode of vibration References
3180-3130 v(N-H)
1505-1515 v(NH,)
1330-1250 v(C=N) +v(C-N) +v(C=S) Lecomteet al, 1989
1030-990 W(C=S)+ »(C-N)
900 W(C=S)
3000 v(N-H)
1500 v(C-N) _
1400 W(C=S) +4(C-N) Ferrarietal., 1991
700 W(C-N) +v(N-H) +»(C=S)
3000 v(N-H)
1500 v(C-N) + §(N-H)
1300 W(C=S) +¥(C=N) +(C-H) Singhetal., 1995
1000 w(C-N) + w(C-S)
700 v(C-S)

The infrared spectra of ligand dptu and three cemgsd are summarized in

Table 14

To support the crystal structures of three com@exke five bands were

considered :
Bands
I
I
1l
v
\Y

Region
3000 crit
1500 crit
1400 cnit
1100 crit

700 crit

Mode of vibration
v(N-H)
v(C-N)

v(C=S) +v(C-N) + 5(N-H)

v(C-N) +y(C=S)
v(C-S)



Table 14 The infrared spectra of the ligand dptigmcomplexes (cih.
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Compound Mode of vibration
Band | | Bandll| BandlIllf Band I\ BandV
dptu 3208 1494 1397 1070 757
[CuCI(PPh),(dptu)]- 2CHCN | 3052 1516 1433 1092 743
[CuBr(PPh),(dptu)]-HO 3048 1509 1448 | 1093 742
[Cul(PPh),(dptu)]-CHCN 3147 1508 1434 1091 742

The infrared spectra of the complexes, the N-Hdtieg frequency (band 1)
appears at 3052, 3048 and 3147 'ctower than the free ligand (3208 Qjnis
probably due to the hydrogen bonding in the comgde®-H---X) (X= ClI, Br, ). This
indicates that nitrogen to metal bonds are notgmietherefore the bonding in these
complexes must be between the sulfur and metalsatdime formation of S» Cu
bonds is expected to increase the contributionhef liighly polar structure to the
substituted thiourea molecule, resulting in a grealouble bond character for the
nitrogen to carbon bond and a greater single bdwdacter for the carbon to sulfur
bond.

The infrared absorption bands observed near 1500 ana assigned to C-N
antisymmetric stretching vibrationy(fC-N)] which the band of complexes 1, 2, 3
exhibits C-N stretching at 1516, 1509 and 1508 craspectively These values are
blue shifted by about 14-32 ¢htompared with free ligand at 1494 ¢mThese
increasing frequencies observed for the compleaase explained as resulting from
the greater double bond character of the carbanttogen bonds on the complex
formation.

The thioamide bands Il found at the region 14B®8 and 1434 cthwhich
can be explained as NMibration plus N-C-N plus C=S stretching vibration,
v(C=S) +v(C-N) + 6(N-H). The shift of these bands at higher frequeimcgpectra of
complexes, suggest the increase of the greatedelbobd character of the carbon-to-
nitrogen bond on the complexes formation.

The absorption spectra of complexes 1, 2, 3 obdeavd 092, 1093 and 1091

cm?, respectively have contributed to thioamide bavidwhereas peak of dptu at
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1070 cm'. The spectra show the shift to higher wave nunibee. shift of these band
is due to the C-N stretching plus C-S stretchirmyéwver, C-S stretching dominates
more than C-N stretching (upward shift of 20 YmThis observation can be
explained by the considerable change in natureef*N bond and the C=S bond on
coordination of ligand through the sulfur atom.

Finally, the bands V observed at about 700'cim the spectra of the
complexes assigned to C=S stretching vibration§4S)]. The lower of frequency
can be attributed to the reduced double bond cteratthe C=S bond.

The absorption band in the spectra of the coppdistguted thiourea
complexes which have been assigned to the panticulaations indicated the

presence of sulfur to metal bonds in the copperntexes.
45'H NMR and **C NMR Spectroscopy

The *H NMR of ligand diphenylthiourea (dptu) in CDQlhows a signals at
7.18-7.55 ppm due to equivalent ring protons (atamarotons). When this ligand
coordinates to the metal via its S electrons, gngtons become magnetically in
equivalent and thus expected a signals to aronpatitons for the phosphine and
thione ligand. Each of complexes (1), (2) and (®)ves a signals at a low field (7.14-
7.43, 7.12-7.44, 7.11-7.45 ppm, respectively) msblution state. Complexes (1), (2)
and (3) show signal due to NH protons (9.33, 98184 ppm, respectively), while free
ligand diphenylthiourea shows a single resonan&:1at ppm.

The 'H NMR spectra of the compounds in CR@blution also support the
predominance of the thione tautomer by exhibitirgggmal for the NH group at 8.84-
9.33 ppm, is closely as compared to the value obddior NH group at 10-14 ppm in
connection with the absence of the correspondiitd (8H) proton. The broad nature

of the signal implies the occurrence of hydrogendso (Skoulikeet al, 1991).
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Table 15'"H NMR spectra data of the ligand dptu and complexes

Compound 0 N-H (ppm)
dptu 8.14
[CuCI(PPh),(dptu)]-2CHCN 9.33
[CuBr(PPh),(dptu)]-HO 9.17
[Cul(PPh),(dptu)]-CHCN 8.84

The **C-NMR is to help to solve structures of unknown pounds, plays an
important role in determining the structure andgdidtically of minor impotance,
since the carbons of diphenylthiourea, which caa®§C=S

The *'C NMR spectra provide more convincing in formatiabout the
monodentate behaviour of thiourea moiety in the mlewes. Thed C=S signal
appears ab 177.87 ppm in cmplex (1y 176.82 ppm in complex (2) and176.61
ppm in complex (3), which are upfield relative he tfree ligandd 179.69 ppm). An
upfield shift (about 3 ppm) is attributed to lowegi of C=S bond order upon
coordination and a shift of NC electron density producing a partial double bond

character in the C-N bond.

Table 16"°C NMR spectra data of the ligand dptu and complexes

Compound 0 C=S (ppm)
dptu 179.69
[CuCI(PPh),(dptu)]-2CHCN 177.87
[CuBr(PPh),(dptu)]-HO 176.82
[Cul(PPh),(dptu)]-CHCN 176.61
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4.6 Crystallography

Crystallographic data for the structures were ctdlé at 293(2) K on a single
crystal X-ray diffracometer.

4.6.1 The structure of [CuCI(PBK(dptu)]-2CHCN complex (1)
The monomeric complex (1) of [CuCIl(Pidptu)]-2CHCN consists of one
copper(l) central atom, two phosphorus atoms of tsygghenyphosphine molecules,

one sulfur atom of diphenylthiourea molecule ané chloride atom. The complex

() crystallizes in triclinic the space gronE’Q_L andZ = 2 with cell parametera =
11.09460(10)b = 12.8345(2)¢c = 18.5790(8) Ag = 103.0340(1)8 = 90.6470(1)y =
111.2920(1). The structure of [Cu(PRRa(dptu)CI]-2CHCN is shown in Figure 50.

The complex described here, angular deviations firwrideal tetrahedral value
of 109.4 are comparable with several reported four cootdohacopper(l) halide
complex bearing a heterocyclic thioamide and twoouzntate phosphines. In fact,
the P(1)-Cu-P(2) angle deviates considerably froentetrahedral value at 122.56(4)
compare with the previously observed values inreesef analogous complexes, in
[Cu(PPRh)2(py2SH)CI] (P-Cu-P = 122.41(11), P-Cu-Cl = 112.@)(1P-Cu-Cl =
99.17(9), P-Cu-S = 102.38(fB)Aslanidiset al, 1998). A possible explanation for
the large value is the steric interaction betwéenRPh groups.

The Cu-S and Cu-Cl distances are 2.3702(10) A ar@b68(10) A,
respectively. The distances of Cu-S and Cu-Cl Hendths lie in the range normally
observed for tetrahedrally coordinated copper(linplexes with terminal chloride
and thione-sulfur donors. The Cu-P(1) and Cu-P@}jadces of 2.3090(10) A,
2.2746(10) A, respectively are slightly shortercaspared to the value observed for
[Cu(PPR)3X] (Bowmaker et al, 1987). Moreover the presence of intramolecular
hydrogen bonds between the chloride and the N(ijHdgen [N(1)H---Cl = 3.182(3)
A] could be responsible for the moderate narrowiofy the S-Cu-Cl angle
(109.48(4)°). The hydrogen atom, involving the rattion, N(2)-H(2A)...N(4), is
orientated at a distance of 2.980(7) A from N(4hich the corresponding angle of
145.0°.
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Table 17 Hydrogen bonding of [CuCI(Pf4idptu)]-2CHCN complex.

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
N(1)-H(1A)...CI(1) 0.86 2.34 3.182(3) 167.1
N(2)-H(2A)...N(4)#1 0.86 2.23 2.980(7) 145.0

4.6.2 The structure of [CuBr(PBE(dptu)]-HO complex (2)
The monomeric complex (2) of [CuBr(P#dptu)]-HO crystallizes in

triclinic space grourPi and Z = 2 with cell parametera = 10.8100(11),b =
12.2861(13)¢ = 18.9086(19) Aq = 73.330(2) 5 = 88.921(2) ang = 67.318(2). The
crystal structure of [CuBr(PRa(dptu)]-HO is composed of discrete molecules with
no crystallographically impose symmetry. The cooation around the metal is
pseudo-tetrahedral with two phosphorus atoms ofttypbienylphosphine molecules,
one sulfur atom of diphenylthiourea molecule ande obromide atom This
arrangement is considerably distorted since thadgbeaat the metal site, P1-Cul-P2
with value of 120.01(5)°, is much larger than tle¢rghedral value, 109.4°. This
higher angle is counterbalanced by the bond P1EuPR2-Cul-Br and P1-Cul-S1,
P2-Cul-S1 whose values are 100.94(4)°, 112.94(A¥ 110.13(5)°, 103.19(5)°
respectively. The distorted is due to steric imposiof the bulky phosphine ligand
and was observed previously in a series of anak®gooomplex,
[Cu(PPh)2(memimtH)Br] (P-Cu-P = 130.9(0)°) (Karagiannidisal, 1998).

The Cu-S distance of (2.3635(13) A) is close te trmlue observed in
tetrahedrally coordinated copper(l) halide comp)d&eiBr(1xS-imzSH)(PPk),]-H>O
with thione-S donor, (Cu-S = 2.366(2) A) (Lobaetaal, 2008) and 2.373(2) A for
[CuBr(1xS-bzimSH)(PP¥).]-CHsCOCH; (Lobanaet al, 2008). The crystal structure
of [CuBr(PPh), (dptu)]-HO is shown in Figure 55.

The Cu-P(1) and Cu-P(2) distances of 2.2719(18) 2.3110(13) A
respectively, are significantly longer than thoskserved in the structure of
[CuBr(1xS-bzimSH)(PPH.]- CH;COCH; (2.309(2) and 2.291(2) A). The short non-

bonding distance in the molecule H(N)---Brl canabeepted as an intramolecular
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hydrogen bond with the geometry N(1)-H(1)...Br(1)32282(4) A and the water
molecule in the crystal lattice and is engagedhiarmolecular H-bonding with amide
group of thiourea ligandy(2)-H(2)...0(1)= 2.986(6) A).

Table 18 Hydrogen bonding of [CuBr(P#dptu)]-HO complex.

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)
N(1)-H(1)...Br(1) 0.86 2.45 3.282(4) 161.7
N(2)-H(2)...0(1)#1 0.86 2.16 2.986(6) 160.0

Symmetry transformations used to generate equivatems: #1 -x,-y+1,-z+1

4.6.3 The structure of [Cul(PBRdptu)]-CHCN complex (3).

The monomeric complex, [Cul(dptu)(P$H-CHsCN, crystallizes in
orthorhombic system space groBp2:2;, Z = 4 with cell parameters = 13.9088(7),
b = 16.5452(8) and = 20.2573(10) A. This complex (3), the Cu atonbdsmded to
two phosphorus atoms of triphenylphospine ligarmlse sulfur atom of the 1,3-
imidazoline-2-thione ligand and one bromine atontamplete its tetra-coordination
similar to complexes (1) and (2) with above stachetry in asymmetric unit. The
Cu(l) atom displays a distorted tetrahedral envitent (Figure 60) which the angles
around Cu lie in the ranges 100.90(3)-113.47(2)ie TCu-S bond distance of
2.3808(8) A is longer than in the analogous comgdewith chloride (2.364(2) A)
(Cox et al, 1999).and bromide (2.375(1) A) (Karagiannidisal, 1990). This Cu-S

bond distance increases in the ordef B | with the decreasing in electronegativity

of the halogen atom. The Cu-l bond distance, 2.6%18, is comparable with
2.6658(8) A in similar type of complex of copper{)dide with phenylthiourea
[Cul(PPh)2(ptu)] (Nimthong et al, 2008). The Cu-P bond distances, (2.2996(8),
2.3111(8) A) are close to other monomeric complexis two triphenylphosphine
and substituted thiourea ligands in the literatundrich Cu-P bond distances,
(2.2908(15), 2.3024(16) A) (Nimthorgt al, 2008) and 2.2847(9), 2.2850(9) (La-O
et al, 2008).In complex (3), the weak intramolecular hydrogending between the
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amide groupand iodide atom is observed N(1)-H(1)...1(1) = 3&) A, and
acetonitrile molecule in the crystal lattice anémgaged in intermolecular H-bonding
with imino nitrogen of diphenylthiourea (N(2)-H(2N(3)).

Table 19 Hydrogen bonding of [Cul(P#4idptu)]-CHCN complex.

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)
N(2)-H(2)..N@3)#1  0.856(18) 2.18(2) 2.997(6) 189(
N(1)-H(2)...I(1) 0.885(18) 2.67(2) 3.544(3) 170(3)

Symmetry transformations used to generate equivatems:
#1 x+1/2,-y+3/2,-z+1
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Table 20 The selected bond lengths (A) and anglef the studied complexes

54
P4 \Cul X
P4
Complexes [Z%UFCblc(:PNPb)Z(d ptu)]- LCZUOBV(PPQ)z(d ptu)]- [g#;édﬁtu)(PPB)z] :

Cul-X 2.3568(10) 2.5102(7) 2.6718(4)
Cul-S1 2.3702(10) 2.3635(13) 2.3808(8)
Cul-P1 2.3090(10) 2.2719(13) 2.2996(8)
Cul-P2 2.2746(10) 2.3110(13) 2.3111(8)
P1-Cul-P2 122.56(4) 120.01(5) 121.35(3)
P1-Cul-S1 103.41(4) 110.13(5) 108.74(3)
P2-Cul-S1 105.83(4) 103.19(5) 100.90(3)
P1-Cul-X 111.08(4) 100.94(4) 106.82(2)
P2-Cul-X 104.03(4) 112.94(4) 105.72(2)
S1-Cul-X 109.48(4) 109.58(4) 113.47(2)




CHAPTERS

CONCLUSION

The purpose of this research is to synthesize dnadlacterize a series of
copper(l) halide complexes with triphenylphosphiRfelg) and N,N'’-
diphenylthiourea(dptu) to give mononuclear compsexad the general formula
[Cu(PPh)2(dptu)X] (X = CI, Br, I). These complexes have bedraracterized by
elemental analysis, XRF, IR and NMR spectroscofe €rystal structures of these
complexes have been determined by single crystaly)Xdiffraction methods.

The complex of [Cu(PRh(dptu)Cl]-2CHCN crystallizes in triclinic system

space groupPi with cell parametersa = 11.09460(10),b = 12.8345(2),c =
18.5790(8) A = 103.0340(1)p = 90.6470(1)y = 111.2920(H) Z = 2, R = 0.0414.
The complex of [Cu(PR(dptu)Br]-HO crystallizes in triclinic system space

groupPi with cell parametera = 10.8100(11)b = 12.2861(13)¢ = 18.9086(19)A,
a=73.330(2)4=88.921(2) angt = 67.318(2), Z= 2,R = 0.0498

The complex of [Cu(PRp(dptu)l]-CHCN crystallizes in orthorhombic
system space group;2,2; with cell parametera = 13.9088(7)b = 16.5452(8) and
c=20.2573(10) AZ = 4,R=0.0245

The experimental results show a series of complexeopper(l) halides with
PPh and dptu ligands for 1:2:1 CuX : PRHhdptu stoichiometry. Geometry of copper
in all complexes is distorted tetrahedral bondedwo phosphorus atoms of two
triphenylphosphine molecules, one sulfur atom phdnylthiourea molecule and one
halide atom.

The substituted thiourea and triphenylphosphinmpiexes have attracted
considerable attention because of their varioudiagin properties. An increasing
investigation of the complexes of these groupsfbassed on acquiring well-defined
solid-state structures in order to understand abloeitnature versatile coordination

chemistry.
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APPENDIX A

Calculation of unit cell volume

The equations of calculation of the unit cell volume depend on crystal system :

Crystal system Equation
Cubic v=a’
Tetragonal V=a’c
Orthorhombic V =abc
Hexagonal V = 0.866a°c
Monoclinic V =abcsinp
Triclinic V = abc(1 - cos?a - cos’B - cos?y + 2cosa. - cosp - cosy)V?

Calculation of number of molecules per unit cell (2)

7= DxV xN
Fw
D = Density of crystal (g/cm?®)
Y, = Volume of unit cell (cm?®)
N = Avogodro number (6.02x 10%° mol ™)

Fw = Formulaweight
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Table 21 Non — hydrogen atom coordinates ( X 104) and isotropic thermal parameters

(A% 10°) of [Cu(PPhs),(dptu)Cl]-2CHACN.

Atom X y z U(eq)
C(21B) 9935(3) 13598(3) 3233(2) 47(2)
N(2) 8327(3) 8326(3) 999(2) 64(1)
C(21A) 5172(3) 8976(3) 3377(2) 50(1)
C(11B) 8978(3) 12245(3) 4272(2) 44(1)
N(1) 7785(3) 9803(3) 814(2) 66(1)
C(11A) 4348(3) 8703(3) 1848(2) 54(1)
C(31B) 7585(3) 13574(3) 3849(2) 46(1)
C(31A) 3849(3) 10344(3) 2998(2) 50(1)
C(1) 8124(3) 9294(3) 1287(2) 51(1)
C(11) 7558(4) 9360(4) 23(2) 60(1)
C(21) 8584(5) 7619(4) 1423(2) 71()
C(22B) 10366(4) 14780(3) 3492(2) 58(1)
C(32B) 7495(3) 13936(3) 4597(2) 55(1)
C(12B) 10054(4) 12977(3) 4754(2) 59(1)
C(16A) 3911(5) 7535(4) 1793(3) 85(1)
C(26A) 6012(4) 8395(4) 3307(3) 71(1)
C(36A) 4165(4) 11446(4) 3401(2) 63(1)
C(33B) 6814(4) 14643(3) 4842(3) 68(1)
C(36B) 6954(4) 13908(3) 3345(2) 64(1)
C(22A) 4453(4) 8950(3) 3979(2) 64(1)
C(24A) 5396(5) 7794(4) 4416(3) 79(1)
C(32A) 2534(4) 9624(4) 2837(2) 65(1)
C(33A) 1587(4) 10028(5) 3089(3) 74(1)




Table 21 (continued).
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Atom X y z U(eq)
C(13A) 3540(5) 8274(6) 565(3) 90(2)
C(12) 8478(5) 9843(4) -419(3) 81(1)
C(34B) 6203(4) 14969(4) 4341(3) 75(1)
C(12A) 4184(4) 9074(4) 1229(2) 65(1)
C(16B) 8310(4) 11179(3) 4402(2) 67(2)
C(23A) 4568(5) 8365(4) 4492(2) 81(1)
C(13) 8278(6) 9428(5) -1170(3) 95(2)
C(26B) 10711(4) 13137(4) 2799(3) 72(1)
C(13B) 10441(4) 12661(4) 5348(2) 74(2)
C(35B) 6266(4) 14607(4) 3591(3) 73()
C(23B) 11557(4) 15491(4) 3337(2) 71(2)
C(24B) 12324(4) 15020(4) 2921(3) 81(1)
C(25A) 6118(5) 7798(4) 3822(3) 82(1)
C(14B) 9764(5) 11602(4) 5471(3) 80(1)
C(34A) 1925(5) 11136(5) 3502(3) 78(2)
C(25B) 11901(5) 13838(4) 2646(3) 91(2)
C(14) 7180(6) 8573(5) -1490(3) 83(2)
C(15B) 8704(5) 10862(4) 4996(3) 87(2)
C(35A) 3204(5) 11846(4) 3658(3) 81(1)
C(16) 6440(5) 8481(5) -295(3) 91(2)
C(14A) 3107(5) 7126(6) 523(3) 104(2)
C(15A) 3297(6) 6753(5) 1127(4) 109(2)
C(22) 9750(6) 7522(4) 1448(4) 105(2)
C(15) 6243(6) 8073(5) -1080(3) 100(2)
C(26) 7654(8) 7030(6) 1779(4) 148(3)
C(23) 9978(9) 6804(6) 1847(6) 156(4)
C(24) 9016(15) 6209(10) 2203(5) 186(5)
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Atom X y z U(eq)
C(25) 7894(13) 6303(9) 2170(6) 220(6)
Cu(2) 7152(1) 11085(1) 2537(1) 46(1)
P(2) 8413(1) 12604(1) 3464(1) 43(1)
P(1) 5139(1) 9816(1) 2702(1) 46(1)
(1) 8363(1) 9891(1) 2214(1) 55(1)
Cl(1) 6999(1) 11925(1) 1552(1) 63(2)
C(5) 812(9) 3466(6) 714(4) 125(2)
C(4) -93(7) 3896(8) 1105(5) 169(3)
N(4) 1531(10) 3224(8) 430(4) 213(4)
N(5) 4787(12) 4981(13) 1759(10) 303(7)
C(7) 4990(30) 4790(30) 1097(17) 720(20)
C(6) 5340(40) 4690(30) 473(12) 1100(40)




Table 22 Non — hydrogen atom thermal parameters (Azx 103) of
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Atom U1l u22 U33 u23 U13 u12
C(21B)  51(2) 49(2) 44(2) 15(2) 42) 20(2)
N(2) 93(2) 69(2) 48(2) 16(2) 17(2) 50(2)
C(21A)  51(2) 48(2) 51(2) 17(2) 4(2) 14(2)
C(11B)  49(2) 47(2) 41(2) 12(2) 9(2) 24(2)
N(1) 100(3) 71(2) 44(2) 14(2) 12(2) 52(2)
C(11A)  50(2) 63(2) 51(2) 16(2) 7(2) 21(2)
C(31B)  47(2) 40(2) 53(2) 14(2) 11(2) 17(2)
C(31A)  49(2) 65(2) 43(2) 22(2) 6(2) 25(2)
C(1) 55(2) 59(2) 48(2) 17(2) 14(2) 29(2)
C(11) 77(3) 77(3) 43(2) 17(2) 10(2) 48(2)
c(21) 104(4) 71(3) 61(3) 24(2) 29(3) 54(3)
C(22B)  66(3) 57(2) 51(2) 15(2) 10(2) 23(2)
C(32B)  53(2) 55(2) 57(3) 12(2) 10(2) 21(2)
C(12B)  66(3) 53(2) 55(2) 18(2) -6(2) 18(2)
C(16A)  105(4) 60(3) 74(3) 12(2) -1(3) 14(3)
C(26A)  73(3) 78(3) 84(3) 46(2) 27(2) 38(2)
C(36A)  59(2) 71(3) 63(3) 12(2) 1(2) 30(2)
C(33B)  73(3) 66(3) 73(3) 15(2) 31(2) 34(2)
C(36B)  74(3) 64(2) 66(3) 27(2) 16(2) 36(2)
C(22a)  79(3) 70(3) 56(3) 28(2) 18(2) 34(2)
C(24A)  108(4) 71(3) 67(3) 36(2) 8(3) 33(3)
C(32A)  54(2) 77(3) 71(3) 28(2) 9(2) 27(2)
C(33A)  54(3) 112(4) 73(3) 42(3) 14(2) 39(3)
C(13A)  89(3) 128(5) 55(3) 5(3) -9(3) 54(3)

C(12) 93(3) 98(3) 59(3) 32(3) 15(3)  36(3)




116

Table 22 (continued).

Atom U1l u22 u33 u23 u13 u12
C(34B)  74(3) 63(3) 106(4)  31(3) 40(3)  40(2)

C(128)  67(3) 73(3) 58(3) 15(2) 2(2) 30(2)
C(16B)  63(3) 65(3) 70(3) 30(2) -4(2) 13(2)
C(23A)  119(4) 80(3) 61(3) 36(2) 29(3)  46(3)
C(13) 118(5) 121(4) 59(3) 39(3) 28(3)  51(4)
C(26B) 70(3) 59(2) 91(3) 22(2) 292)  28(2)
C(13B) 76(3) 80(3) 61(3) 19(2) 13(2)  23(2)
C(35B) 76(3) 75(3) 97(4) 45(3) 28(3)  47(2)
C(23B) 77(3) 57(2) 70(3) 25(2) 9(2) 10(2)
C(24B) 63(3) 89(3) 94(4) 47(3) 24(3)  17(3)
C(25A) 93(3) 81(3) 99(4) 48(3) 17(3)  49(3)
C(14B) 88(3) 92(3) 66(3) 40(3) -4(3) 31(3)
C(34A) 77(3) 125(4) 64(3) 35(3) 202)  67(3)
C(25B) 78(3) 83(3) 122(4)  39(3) 48(3)  34(3)

C(14) 123(5)  113(4) 55(3) 22(3) 7(3) 76(4)
C(15B) 92(3) 80(3) 91(4) 55(3) 0(3) 15(3)

C(35A) 90(4) 94(3) 71(3) 5(2) 6(3) 59(3)
C(16) 75(3) 123(4) 71(3) 14(3) 12(3)  39(3)
C(14A) 87(4) 105(5) 01(4)  -21(4) 19(3)  30(3)

C(15A) 124(5)  66(3) 107(5)  -4(3) 15(4)  17(3)

C(22) 109(4)  73(3) 136(5)  25(3) -18(4)  41(3)

C(15) 89(4) 118(4) 86(4) 2(3) 19(3)  44(3)

C(26) 191(7)  157(6) 190(8)  117(6) 118(6)  125(6)
C(23) 173(8)  100(5) 203(10)  21(5) 67(7)  73(5)

C(24) 327(17)  197(10) 133(7)  84(7) 48(9)  187(11)
C(25) 337(16)  242(11) 244(12) 196(11)  195(12) 211(12)

Cu(l) 51(1) 50(1) 41(2) 13(1) 5(1) 21(1)
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Table 22 (continued).

Atom U1l u22 u33 u23 u13 u12
P(2) 50(1) 44(1) 39(1) 11(1) 6(1) 21(1)
P(1) 46(1) 51(1) 45(1) 17(1) 6(1) 19(1)
(1) 64(1) 68(1) 44(1) 14(1) 7(1) 38(1)
Cl(1) 84(1) 66(1) 52(1)  25(1) 5(1) 36(1)
C(5) 191(8)  99(4) 77(4)  -17(3) 95  70(5)
C(4) 120(6)  201(8) 175(8)  52(7) 25(6)  43(6)
N(4) 335(12)  272(9) 01(5)  -25(5) 17(6)  224(9)
N(5) 178(10)  231(14) 500(20)  86(15) 60(12)  73(9)
c(7) 880(50)  420(30) 780(40)  50(30) 570(40) 210(30)

C(6) 1680(90)  1220(60) 620(40)  360(40) 970(50)  710(60)
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Table 23 Non — hydrogen atom coordinates ( X 104) and isotropic thermal parameters

(A’ 10%) of [Cu(PPhs)z(dptu)Br] -H,O.

Atom X y z U(eq)
Cu(2) 2591(1) 5770(1) 2616(1) 37(1)
Br(2) 2653(1) 6818(1) 3568(1) 52(1)
S(1) 1367(1) 4509(1) 3015(1) 44(1)
P(1) 1408(1) 7428(1) 1630(1) 33(1)
P(2) 4692(1) 4380(1) 2496(1) 35(1)
N(21) 2028(4) 4366(4) 4382(2) 52(1)
N(2) 1371(4) 2854(3) 4284(2) 45(1)
C(1) 1629(5) 3854(4) 3945(3) 39(1)
C(11) 2506(5) 3865(5) 5149(3) 48(1)
C(12) 2016(7) 4610(6) 5602(3) 75(2)
C(13) 2602(5) 4144(5) 6335(2) 101(3)
O(1) -530(5) 7708(5) 4185(2) 108(2)
C(14) 3629(9) 3018(8) 6588(4) 102(3)
C(15) 4078(7) 2283(7) 6150(4) 91(2)
C(16) 3522(6) 2707(6) 5421(3) 66(2)
C(21) 1175(5) 2034(4) 3940(3) 44(1)
C(22) 2121(6) 1489(5) 3515(3) 58(2)
C(23) 1929(8) 681(5) 3202(3) 81(2)
C(24) 840(8) 389(6) 3322(4) 82(2)
C(25) -84(7) 913(6) 3749(4) 86(2)
C(26) 82(6) 1740(5) 4065(3) 63(2)
C(11A) -130(4) 8606(4) 1790(2) 37(1)
C(12A) -466(5) 9854(4) 1505(3) 51(1)
C(13A) -1677(6) 10711(5) 1601(3) 69(2)
C(14A) -2574(7) 10319(6) 1981(4) 86(2)

C(15A) -2255(6) 9092(7) 2284(4) 101(3)
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Table 23 (continued).

Atom X y z U(eq)
C(16A) -1040(6) 8225(5) 2195(3) 74(2)
C(21A) 845(4) 7155(4) 809(2) 36(1)
C(22A) 1640(6) 6121(5) 620(3) 66(2)
C(23A) 1307(7) 5894(6) -2(4) 85(2)
C(24A) 138(6) 6673(5) -427(3) 71(2)
C(25A) -678(6) 7711(5) -256(3) 66(2)
C(26A) -320(5) 7951(4) 363(3) 52(1)
C(31A) 2394(4) 8337(4) 1247(3) 38(1)
C(32A) 2619(5) 8646(4) 506(3) 48(1)
C(33A) 3426(5) 9284(5) 263(3) 59(2)
C(34A) 4014(5) 9627(5) 754(3) 60(2)
C(35A) 3799(5) 9324(4) 1491(3) 55(1)
C(36A) 2996(5) 8689(4) 1736(3) 44(1)
C(11B) 4574(5) 3619(4) 1815(2) 37(1)
C(12B) 3688(5) 3040(4) 1880(3) 47(1)
C(13B) 3437(5) 2581(5) 1336(3) 57(2)
C(14B) 4088(6) 2713(5) 697(3) 66(2)
C(15B) 4960(6) 3301(5) 612(3) 59(2)
C(16B) 5212(5) 3730(4) 1163(3) 48(1)
C(21B) 6127(5) 4785(4) 2209(3) 39(1)
C(22B) 5900(5) 5964(4) 1765(3) 49(1)
C(23B) 6961(6) 6275(5) 1504(3) 64(2)
C(24B) 8269(6) 5390(6) 1696(3) 61(2)
C(25B) 8496(5) 4244(6) 2137(3) 59(2)
C(26B) 7454(5) 3916(5) 2391(3) 48(1)
C(31B) 5437(4) 3136(4) 3365(3) 39(1)

C(32B) 5767(6) 1889(5) 3474(3) 59(2)
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Table 23 (continued).

Atom X y z U(eq)
C(33B) 6390(6) 1029(5) 4151(4) 75(2)
C(34B) 6698(6) 1390(7) 4710(3) 80(2)
C(35B) 6359(6) 2627(7) 4619(3) 72(2)

C(36B) 5723(5) 3488(5) 3957(3) 52(1)




121

Table 24 Non — hydrogen atom thermal parameters (Azx 103) of
[ Cu(PPhg)(dptu)Br]-H20.

Atom yll u22 u33 u23 ul3 ul2
Cu(l) 41(2) 38(1) 32(1) -13(1) 4(1) -15(1)
Br(1) 80(1) 54(1) 39(1) -24(1) 12(1) -38(1)
(1) 52(1) 51(1) 36(1) -11(1) 2(1) -29(1)
P(1) 35(1) 33(2) 31(2) -10(1) 3(1) -14(1)
P(2) 36(1) 38(1) 33(2) -14(1) 1(1) -13(1)
N(1) 73(3) 49(2) 42(3) -12(2) 3(2) -33(2)
N(2) 61(3) 54(2) 34(2) -14(2) 12(2) -37(2)
C(2) 39(3) 40(3) 45(3) -16(2) 8(2) -20(2)
C(11) 60(4) 64(3) 33(3) -13(3) 11(3) -40(3)
C(12) 117(6) 76(4) 52(4) -35(3) 17(4) -438(4)
C(13) 170(9) 127(7) 49(5) -49(5) 23(5) -89(6)
0(1) 105(5) 157(5) 72(4) -38(4) 40(3) -63(4)
C(14) 148(8) 131(7) 45(4) -9(5) -24(5) -85(6)
C(15)  79(5) 115(6) 68(5) -12(5) -14(4) -38(4)
C(16) 58(4) 86(4) 56(4) -24(3) 12(3) -30(3)
C(21) 56(3) 43(3) 38(3) -9(2) 4(3) -25(3)
C(22) 65(4) 56(3) 58(4) -19(3) 15(3) -29(3)
C(23) 121(6) 60(4) 65(4) -31(3) 24(4) -32(4)
C(24) 111(6) 66(4) 79(5) -26(4) -11(4) -44(4)
C(25) 73(5) 80(5) 127(7) -44(5) 6(5) -45(4)
C(26) 53(4) 65(4) 86(5) -33(3) 16(3) -32(3)
C(11A) 37(3) 45(3) 28(3) -13(2) 4(2) -15(2)
C(12A) 37(3) 44(3) 66(4) -18(3) 93 -9(2)
C(13A) 66(4) 53(3) 71(4) -23(3) 3(4) -3(3)
C(14A) 70(5) 87(5) 72(5) -30(4) 26(4) 3(4)

C(15A) 62(5) 97(5) 106(6) -2(5) 53(4) -13(4)
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Table 24 (continued)

Atom ull u22 u33 u23 ul3 ul2
C(16A) 58(4) 60(4) 79(5) -3(3) 28(3) -11(3)
C(21A) 37(3) 34(2) 36(3) -9(2) 2(2) -13(2)
C(22A) 62(4) 45(3) 68(4) -24(3) -23(3) 10(3)
C(23A) 82(5) 84(4) 73(5) -54(4) -16(4) 8(4)
C(24A) 78(4) 73(4) 62(4) -36(3) -21(3) -16(4)
C(25A) 65(4) 73(4) 55(4) -31(3) -22(3) -15(3)
C(26A) 48(3) 49(3) 54(3) -21(3) -8(3) -10(3)
C(31A) 36(3) 37(3) 38(3) -13(2) 7(2) -11(2)
C(32A) 51(3) 55(3) 47(3) -19(3) 17(3) -29(3)
C(33A) 62(4) 75(4) 53(4) -25(3) 25(3) -38(3)
C(34A) 49(3) 62(3) 81(5) -25(3) 28(3) -34(3)
C(35A) 65(4) 55(3) 57(4) -19(3) 8(3) -35(3)
C(36A) 50(3) 43(3) 46(3) -13(2) 5(3) -24(2)
C(11B) 47(3) 32(2) 31(3) -15(2) 0(2) -12(2)
C(12B) 43(3) 55(3) 49(3) -25(3) 7(3) -21(3)
C(13B) 60(4) 62(3) 62(4) -36(3) -4(3) -25(3)
C(14B) 87(5) 58(4) 58(4) -38(3) -3(3) -19(3)
C(15B) 73(4) 61(3) 45(3) -28(3) 8(3) -18(3)
C(16B) 52(3) 53(3) 48(3) -27(3) 13(3) -20(3)
C(21B) 41(3) 49(3) 36(3) -18(2) 1(2) -22(2)
C(22B) 44(3) 51(3) 52(3) -19(3) 2(3) -16(3)
C(23B) 72(4) 67(4) 63(4) -18(3) 12(3) -39(4)
C(24B) 56(4) 90(4) 58(4) -31(4) 18(3) -45(4)
C(25B) 40(3) 78(4) 61(4) -28(3) 5(3) -21(3)
C(26B) 41(3) 55(3) 46(3) -15(3) 5(3) -18(3)
C(31B) 34(3) 45(3) 38(3) -14(2) 4(2) -14(2)

C(32B) 69(4) 53(3) 50(4) -14(3) 4(3) -20(3)
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Table 24 (continued)

Atom ull u22 u33 u23 ul3 ul2

C(33B) 81(5) 51(3) 64(5) 3(3) -2(4) -9(3)

C(34B) 74(5) 97(5) 40(4) 0(4) -4(3) -18(4)
C(35B) 62(4) 109(5) 43(4) -30(4) 5(3) -27(4)
C(36B) 57(3) 61(3) 38(3) -16(3) 1(3) -21(3)
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Table 25 Non — hydrogen atom coordinates ( X 104) and isotropic thermal parameters

(A’ 10°) of [CU(PPhs)x(dptu)l]-CHsCN.

Atom X y z U(eq)
Cu(2) 2775(1) 5062(1) 6279(1) 37(1)
1(1) 4073(1) 5421(1) 7206(1) 41(1)
S(1) 2474(1) 6144(1) 5532(1) 48(1)
P(1) 3374(1) 3981(1) 5695(1) 33(1)
P(2) 1316(1) 4986(1) 6821(1) 35(1)
N(2) 2974(2) 7145(2) 6493(1) 53(1)
N(2) 2499(2) 7751(2) 5536(2) 60(1)
C(1) 2643(2) 7067(2) 5877(2) 44(1)
C(11) 3105(2) 7863(2) 6866(2) 50(1)
C(12) 3936(3) 7941(2) 7230(2) 58(1)
C(13) 4082(3) 8628(2) 7613(2) 73(1)
C(14) 3411(4) 9222(3) 7620(2) 81(1)
C(15) 2585(3) 9145(2) 7269(2) 78(2)
C(16) 2408(3) 8459(2) 6891(2) 64(1)
C(21) 1984(3) 7847(2) 4932(2) 61(1)
C(22) 1053(3) 7649(3) 4886(3) 104(2)
C(23) 566(5) 7846(4) 4285(4) 138(3)
C(24) 1070(6) 8195(3) 3783(3) 118(2)
C(25) 1987(6) 8369(3) 3836(3) 105(2)
C(26) 2469(4) 8209(2) 4413(2) 78(2)
C(11A) 4570(2) 4072(2) 5319(1) 38(1)
C(12A) 4851(2) 3589(2) 4796(2) 54(1)
C(13A) 5732(3) 3692(3) 4500(2) 65(1)
C(14A) 6354(3) 4269(3) 4712(2) 68(1)
C(15A) 6092(3) 4752(2) 5231(2) 72(2)

C(16A) 5197(2) 4665(2) 5530(2) 55(1)
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Table 25 (continued).

Atom X y z U(eq)
C(21A) 2700(2) 3669(2) 4958(1) 35(1)
C(22A) 2584(2) 4244(2) 4465(1) 45(1)
C(23A) 2164(2) 4036(2) 3875(2) 54(1)
C(24A) 1824(2) 3273(2) 3772(2) 54(1)
C(25A) 1896(2) 2708(2) 4263(2) 54(1)
C(26A) 2336(2) 2897(2) 4858(2) 42(1)
C(31A) 3424(2) 3040(2) 6172(1) 37(1)
C(32A) 2590(2) 2813(2) 6511(2) 52(1)
C(33A) 2569(3) 2097(2) 6860(2) 64(1)
C(34A) 3360(3) 1606(2) 6885(2) 72(1)
C(35A) 4184(3) 1833(2) 6561(2) 69(1)
C(36A) 4215(2) 2544(2) 6207(2) 53(1)
C(11B) 1240(2) 4544(2) 7652(1) 41(2)
C(12B) 481(3) 4699(2) 8083(2) 56(1)
C(13B) 474(3) 4367(3) 8703(2) 74(1)
C(14B) 1210(4) 3892(2) 8911(2) 75(1)
C(15B) 1968(3) 3733(2) 8497(2) 64(1)
C(16B) 1988(2) 4060(2) 7867(2) 49(1)
C(21B) 380(2) 4477(2) 6329(2) 41(12)
C(22B) 571(3) 4319(3) 5691(2) 77()
C(23B) -104(3) 3969(3) 5279(2) 91(2)
C(24B) -980(3) 3784(3) 5505(2) 78(1)
C(25B) -1190(3) 3926(3) 6151(2) 102(2)
C(26B) -510(3) 4269(3) 6554(2) 87(2)
C(31B) 787(2) 5979(2) 6979(1) 40(2)
C(32B) 1126(3) 6425(2) 7495(2) 66(1)

C(33B) 723(3) 7172(2) 7648(2) 78(1)
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Table 25 (continued).

Atom X y z U(eq)
C(34B) 21(3) 7477(2) 7253(3) 85(1)
C(35B) -283(4) 7051(3) 6723(3) 103(2)
C(36B) 89(3) 6299(2) 6585(2) 74(1)
C(2 443(5) 5613(5) 4015(4) 157(3)
C(3) -534(6) 5680(4) 4243(3) 127(2)

N(3) -1308(5) 5742(4) 4410(4) 174(3)
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Table 26 Non — hydrogen atom thermal parameters (/-\2x 103) of
[Cu(PPhg)2(dptu)l]-CH3CN.

Atom ull u22 u33 u23 ul3 ul2
Cu(l) 37(2) 34(1) 38(1) -4(1) -1(2) 2(1)
(1) 43(1) 46(1) 36(1) -2(1) -6(1) 1(1)
(1) 68(1) 40(1) 37(2) 2(1) -5(2) 2(1)
P(1) 34(1) 31(2) 33(2) -3(2) 0(1) 1(2)
P(2) 34(1) 33(2) 38(1) 0(1) 0(1) 2(1)
N(1) 74(2) 36(2) 49(2) 4(1) -14(1) -3(1)
N(2) 80(2) 41(2) 60(2) 14(1) -21(2) -8(1)
C(2) 49(2) 40(2) 44(2) 7(1) -3(2) -4(1)
C(11) 61(2 38(2) 50(2) 1(2) 2(2) -9(2)
C(12) 70(2) 49(2) 55(2) 5(2) -12(2) -5(2)
C(13) 89(3) 59(2) 71(3) -4(2) -22(2) -17(2)
C(14) 101(3 59(2) 81(3) -20(2) 8(3) -25(2)
C(15) 77(3) 50(2) 107(3) -17(2) 16(3) -1(2)
C(16) 54(2) 56(2) 81(2) -8(2) -1(2) -5(2)
C(21) 85(3) 41(2) 56(2) 3(2) -17(2) 18(2)
C(22) 76(3) 113(4) 123(4) 27(3) -35(3) -6(3)
C(23) 114(5) 133(6) 167(7) 16(5) -72(5) -14(4)
C(24) 166(6) 80(4) 107(4) 22(3) -55(5) 18(4)
C(25) 164(6) 86(4) 65(3) 11(3) -15(3) 23(4)
C(26) 115(4) 63(2) 57(2) 9(2) -2(2) 16(2)
C(11A) 37(2) 39(2) 37(2) 2(1) 0(1) 6(1)
C(12A) 47(2) 55(2) 59(2) -13(2) 7(2) 2(2)
C(13A) 56(2) 79(3) 60(2) -10(2) 16(2) 17(2)
C(14A) 45(2) 87(3) 72(2) 9(2) 16(2) 3(2)
C(15A) 50(2) 82(3) 85(3) -6(2) 7(2) -24(2)

C(16A) 50(2) 59(2) 56(2) -14(2) 702) -14(2)
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Table 26 (continued).

Atom ull u22 u33 u23 ul3 ul2
C(21A) 32(1) 40(2) 33(1) -3(1) 0(1) 2(1)
C(22A) 52(2) 41(2) 43(2) 2(1) -1(2) 0(1)
C(23A) 62(2) 62(2) 37(2) 8(2) -4(2) 0(2)
C(24A) 51(2) 72(2) 40(2) -10(2) -9(2) -1(2)
C(25A) 50(2) 53(2) 58(2) -14(2) -7(2) -8(2)
C(26A) 45(2) 40(2) 39(2) -3(1) -5(2) 0(1)
C(31A) 43(2) 36(2) 32(1) -2(1) -6(1) 1(1)
C(32A) 57(2) 44(2) 54(2) 5(2) 9(2) 1(2)
C(33A) 75(3) 56(2) 59(2) 13(2) 13(2) -7(2)
C(34A) 106(3) 50(2) 60(2) 19(2) -10(2) 1(2)
C(35A) 76(3) 56(2) 74(2) 18(2) -6(2) 18(2)
C(36A) 47(2) 56(2) 57(2) 7(2) -1(2) 7(2)
C(11B) 48(2) 35(1) 38(2) -1(2) -1(1) -2(1)
C(12B) 69(2) 49(2) 52(2) 1(2) 11(2) -1(2)
C(13B) 101(3) 73(3) 48(2) -7(2) 18(2) -21(2)
C(14B) 118(4) 61(2) 44(2) 9(2) -15(2) -38(2)
C(15B) 77(3) 47(2) 68(2) 16(2) -29(2) -16(2)
C(16B) 56(2) 38(2) 54(2) 5(2) -11(2) -9(1)
C(21B) 39(1) 38(2) 45(2) 1(2) -8(2) -2(2)
C(22B) 46(2) 115(4) 69(2) -37(2) -7(2) 5(2)
C(23B) 70(3) 127(4) 76(3) -49(3) -13(2) -4(3)
C(24B) 73(3) 80(3) 81(3) -9(2) -31(2) -25(2)
C(25B) 72(3) 146(5) 88(3) 6(3) -8(2) -59(3)
C(26B) 70(2) 133(4) 58(2) -2(3) 4(2) -50(3)
C(31B) 35(2) 36(2) 48(2) 4(1) 3(1) 3(1)
C(32B) 77(3) 44(2) 77(2) -10(2) -17(2) 9(2)

C(33B) 101(3) 43(2) 90(3) -18(2) -3(3) 4(2)
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Table 26 (continued).

Atom ull u22 u33 u23 ul3 ul2

C(34B) 80(3) 44(2) 131(4) -3(3) 14(3) 26(2)
C(35B) 98(3) 65(3) 147(5) -13(3) -42(3) 42(3)
C(36B) 79(3) 58(2) 84(3) 1(2) -25(2) 23(2)
C(2 136(5) 192(8) 143(6) -30(6) 26(5) 62(5)

C(3) 161(6) 112(5) 107(4) 8(4) 7(4) 71(4)

N(3) 162(5) 167(6) 193(6) 67(5) 59(5) 103(5)




VITAE

Name Miss Ladawan Duangmuengmai
Student 1D 5010220190
Education Attainment
Degree Name of Institution
Bachelor of Science Y alaRgabhat University
(Chemistry)

Scholarship Awards during Enrolment

Y ear of Graduation
2007

Center of Excellence for Innovation in Chemistry Commission on Higher

Education, (PERCH-CIC)

130



