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The formation of cuprous complex on metallic copper surface in 1, 10-phenanthroline (phen) agueous -
lution has been investigated as exposed in air and in the presence of common organic anions (X~ ) such as ben-
zoate Bz ) and toluene sulphonate (Ts ). The complexes deposited on the surface of metallic copper have
been proved to be rather pure cuprousphenanthroline complexes having the structure [Cu (phen) 2]X based on
the elanental analysis, IR, UV A/ IS gectroscopy and mass spectrosoopy (FAB). The crystal structure of
the complex [Cu(phen)2] (CHsCeH4S03) - CHSOH was detem ined by X-ray diffraction analysis Thework
demonstrated that the Cu'l ion in the reaction lution hindered the process of Cu° to cu' and in themean-
w hile accelerated the processof Cu' to Cu'
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Introduction

Copper compounds are mportant catalysts for the oxidation and oxygenation of organic
compounds both in chemical and biological systans Recently, much attention has been paid
to cuprous phenanthroline complexes in degrading DNA and probing structure™™. The bind-
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ing and activation of molecular oxygen of copper complexes have been extensively studied
But the systamatics in reactivity of copper complexes/©2 systan's and the mechanisn in Cu/
O: chamistry still renain not clearly understood'”.

Cuprous complexes aremostly prepared from [Cu(NCM e)4]X because of the stabiliza-
tion of copper (1) ion by M eCN. A “ stronger” ligand such as 1, 10-phenanthroline and
PhsP can substitute methyl nitrile ligands Reduction methods are al® used for the prepara-
tion But in most cases, expe-
rimentsmust be carried out under a nitrogen or an argon atmosphere In our study, a conve-
nient preparative method of cuprous phenantroline (phen) complexeswas first introduced
starting from metallic copper. The reactionw asperformed in the phen aqueous olutionw ith
Lom e common organic anions (such as carboxylatesor sulfonates) and exposed in air at room
temperature

M etallic copper isnot reactive in either w ater ormethanol in an oxygen atmosphere'. It
has been reported that, in thepresenceosbipyridyl ligands, metallic copper isoxidized in an
aqueous lution, and binuclear hydroxybridged divalent copper complexes are fomed'*. A
direct preparation of Cu”* catecholates from copper and phenols can be performed in the pres
ence of Oz and catalytic anount of CuCI®®. Gargano have studied the reactivity of metallic
copper w ith several acidic organic compounds in the pyridine/methanol solution and an oxy-
gen amogphere, resulting in divalent copper compounds®. Benzimidazole reacted with
metallic copper and produced Cu* bisbenzimidazolate!®. To our know ledge, little has been
reported on the preparation of air sensitive cuprous complexes from metallic copper in the
oxygen-containing aqueous lution

Exper mental

Copper aurface reaction in aqueous solution

A Il olvents are of an analytical grade 1, 10-phenanthroline (phen) and sodium ben-
zoate (N aBz) are of an analytical grade and sodium p-toluene sulphonate (NaTs) is chani-
cally pure 1, 10-phenanthrolinew as disolved in distilledw ater for: 5 6x 10 *molA, sodi-
um benzoate (N &éBz), sodium p-toluene sulphonate (N aT s) w ere added regpectively into the
olution at about 1 0x 10 ’mol/A. Puremetallic copper foil was cleaned in 20% sulphuric
acid to ranove the oxide on the surface and rinsed w ith distilled w ater. D ip the cleaned cop-
per foil steadily in the phen aqueous lution in the presence of NaBzor NaT s at room ten-
perature In half aminute, the reacted film could be observed on the surface of the copper
foil The thicknessof the film increasesw ith the time delay. A fter about three hours, adark
violet thick layer of the reaction productw as tightly adhered on the surface Thefoilwas re-
moved from the lution, then the residual olutionw as absorbed and dried the foil in a POs
vacuumed desicator. T he surface reaction product could be easily separated by disolving in
deoxygenated ethanol at an argon atmosphere A fter reanoving the olvent by suction, a dark
violet pow der product w as obtained for measurenent w ithout any further purification The
product is stable in dry and inert atmophere

For investigating the influence of [Cu (phen)2]* (Cu)" on the surface reaction, we
added different anountsof CuBz- 3H2 (in conc range @ 0-1 6x 10°molA ) to thephen/
Bz wolution, inwhich still only theBz asanionwaspresent A definite size (S) of the cop-
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per foil (weightM ) was dipped in the solution for 2 7 hours, then the foil was taken out,
dried and w eighed together w ith the deposited cuprous complex film (Cu') to obtainM a
T he actual deposited weight ma=M a- M ¢, thereM ew as the net w eight of the copper foil af-
ter dissolving the deposited complex by ethanol The total loss of the copper foil wasm
(Cu)=M - M s Fig 1 showedmaandm:(the theoretical yield of corresponding (Cu') calcu-
lated from m (Cu) for different Cu' concentrations in slution
Spectrocopy and X-ray crystallography
Infrared ectra were measured with a
Digilab FT S-20E infrared gectrometer by re-
flection absorption (incident angle= 80° and
26°) on the copper foil substrate IR ectra
w ere alo measured by casting the ethanol -
lution of the pro-
00 40 80 120 160 duct on BaF:or KRS-5 crystal The KBr pel-
Cu! concentration X [0~ mol /L let sampling method is not alw ays suitable be-
cause of the ion exchange TheUV A/ IS pec-
Fig 1 Actual deposited weight ma and theoretical {rgw ere recorded by a Perkin-Eimer L anda-5
deposited w eight mt on unit area of copper foil at gectrophotometer using the deoxygenated
different concentrations of Cu”, reaction time 2 7 ethanol olution M ass pectraw erem easured
hrs using the FAB surce on aV G Quattro M S-

m,(mg/cm?)

gectrometer.

A reddish brown crystal of [Cu(phen)z] Ts: CH€OH wasobtained from the ethanol/
toluene lution A prisnatic crystal having an gpproximate dmension of Q@ 2x Q 2x Q 3
mm was mounted in a glass capillary. A ll measurenents were carried out on a Rigaku
RA SA -7R diffractrometer using a graphite monochrom atized M o-K « radiation (A= Q 71069
A) and a 12 kW rotating anode X-ray generator. Crystal data monoclinic, gace group
P2:./c(# 14), a= 13 04(2), b= 16 16(1),c= 15 351(8)A. B= 112 38(5)°and Z= 4, V=
2991(3)A °, D ce= 1 42 g/an’®

Resultsand D iscussion

T he surface deposition reaction on themetallic copper surface is highly repeatable in the
phen aqueous lution at an anbient teamperature range 10-30 and in presence of someor-
ganic salts such as carboxylates or sulphonates Herew e focuson the results using theBz
and Ts anion
Stoichiametry of the surface reaction products

T he surface reaction product using Bz as anion show sMLCT absorption maximum at
438 8 nm and themolar absorptivity of which is about 6830 mol *- L - an™* It is consis-
tentw ith the reported datal” of [Cu(phen)2]". IR gectraof the product show phen absorp-
tionsat 722 (vs), 839 (m), 1423 (s), 1505 (w), 1561 (vs) an ' and 1s(COO™ ) and
(COO™ ) at 1608 (vs) and 1352 (m) an * repectivel. The FAB M S gpectrum givesm /z
(%): 544 ([Cu(phen):1BZ" , 5), 439 ([OCu(phen)2]", 2), 423 ([Cu(phen)2]", 80), 365
([Cu (phen) CeHsCOOH 1", 10) and 243 ([Cu (phen)]", 100). Elemental analysis of the
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film product, found: C, 67 82 H, 3 79, N, 10 18 CaHaCuN Q2 requires for C, 68 30;
H, 3 88 N, 10 29 Al results support the molecular fomula [Cu (phen)2]- (CeHsCOO)
for the product available
The crystal structure of [Cu(phen)2]Ts C2H{OH

The crystal structure of the complex is consistentw ith the stoichiometry and connectivi-
ty expected for [Cu(phen)2]Ts C:H«OH. Themolecule consistsof amonovalent cation [Cu
(phen):2]", a large anion CH3CsH4SOs and a nonbonding solvent C:H:OH in the lattice
The perective view of themolecule ispresented in Fig 2, together with the atomic num-
bering schane The selected bond distances and angles are given in Table 1 The coordina-
tion around the cuprous ion iscompleted by four nitrogen atom sfrom two phenanthroline lig-
andsw ith CuN bond distances ranging from 1 95(3)-2 09(2) A, and N-CuN bond angles
about 82° Both Cu-N distances and N-Cu-N bond angles are consistent w ith crystal struc-
ture of [Cu(phen)2]ClO4and [Cu(phen)2] (CuBr2) reported in Ref. 8, which has the sane
cation as that in ourwork The interligand dihedral angle 79 27° is not quite far from 90°,
w ith interligand N -Cu-N angles differing from 113 0°to 137 5° It seam s that different anion
affects the interligand dihedral angles Our case is comparable with the structure of the
cation [Cu(phen)2](CuBrz) which show s the interligand dihedral angle 76 8°, but in con-
trast to that of [Cu(phen)2]CIO.with 49 9° The dihedral angles betw een the planar anion
CH3CeH 2303 and the wo phen ligands in the cation are nearly equal, w hich are 65 09° and
63 44°, regectively.

Table 1 Selected Atam ic D istances (A ) and Bond Angles (9) for [Cu(phen)2]Ts C2HSOH

CuN (1) 2 05(2) N (1)-CuN (2) 82 3(9)
CuN (2) 1 95(3) N (1) -CuN (3) 113 0(9)
CuN (3) 2 09(2) N (1) -CuN (4) 123 3(9)
CuN (4) 2 04(2) N (2)-CuN (3) 137 5(9)
CiN (3) 1 31(4) N (2)-CuN (4) 122(1)
CN (3) 1 40(3) N (3)-CuN (4) 82(1)

CuN (4) 1 41(3) CuN (1)-C2 130(2)
CiwoN (4) 1 27(3) CuN (1)-Czs  112(1)
Ca2N (1) 1 33(3) CuN (2)-Ciz  131(2)
CasN (1) 1 35(3) CuN (2)-Caa  112(1)
CauN (2) 1 44(3) cuN (38)-c1  132(2)
CuN (2) 1 32(4) CuN (3)-Cr 108(2

CuN (4)-Cwo 134(2)
CuN (4 -Cu 113(1)

Formation of the cuprouscanplex film on metallic copper surface

The deposition of bis (1, 10-phenanthroline) cuprous complex on the copper surface in
the aqueous solution, intrinsically is an oxidation reaction of copper by themaolecular oxygen
in the presence of 1, 10-phenanthroline The reaction cannot take place in a strictly deoxy-
genated solution and an inert aimohere

For one dipping reaction of a copper foil, the thicknessof the deposited cuprous complex
film reached themaximum (ca 10 um) after about 8 hours, yielding about 1 0-2 Omg/an?
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Fig 2 AnORTEP view of [Cu(phen)2]Ts C:H£OH, show ing the atom ic numbering

L ater, thethickness began to decrease, because the cuprous complex on the foil began to be
oxidized to [Cu(phen)2]* and disolved into the solution A fter about wo days, all deposit-
ed cuprous complex w as disolved into the solution It mplies that [Cu(phen)2]* may influ-
ence the formation of [Cu(phen)z]X in the system.

T he influence of [Cu(phen)z]2+ ion to the surface reaction in the olution are shown in
Fig 1 Curve (a) show sm: decreasesw ith the increasing concentration of cu' in the olu-
tion This indicates that Cu" ion hinders the oxidation of Cu® Both the oxidation p rocess
Cu’~Cu' (deposited on the foil) and Cu' —Cu" (diswlved into the solution) contribute to
the copper consumption m (Cu). W e could find that m: is not aw ays equal to actual yield of
Cu' ma, generally ma< mt:, because a part of the deposited cuprous complex is disolved by
oxidation for Cu". In Fig 1we could find that maequals to m:w ithout adding Cu" w ithin at
least 2 7 hours It mplies that in several hours the surface reaction has little by-product at
very low Cu" ion concentration Themore the Cu' ion concentration increases, themorema
deviates from m. A nd the yield of the deposited Cu' sharply decreases A pparently apart of
the cuprous complex was dissolved to Cu" by oxidation at a higher Cu" concentration

W e suppose that in our reaction systam two oxidation processes compete in thewhole
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process described above Cu’-Cu' process ispredominated in the early stage It keeps con-
sum ing molecular oxygen in the solution for a rather long time (about 8 hours) till the film
thickness of the surface product increases to themaximum value In thisperiod themolecu-
lar oxygen“ penetrates” through the Cu' film reaching the copper surface to maintain the
process The penetration processmight be a trangortation of molecular oxygen by exchang-
ing binding complex [OzCu(phen)2]" through the Cu' layer to the copper surface W hen the
Cu' layer was thickened to some extent, the penetration of oxygen becane slower than the
consumption of oxygen in Cu’~Cu' process Then Cu' —Cu" process became p redom inated
in the olution

The basic study on the reaction of copper ( I ) complex with molecular oxygen is of
great mportance for understanding the pathw ay of oxygen in copper-catalyzed auto oxidation
reactions in both chemical and biological systeans Theoxidation of 1, 10-phenanthroline cop-
per (I) complex by molecular oxygen in the agueous solution and w ith many different lig-

ands has been investigated in detail by Goldstein!® "’

They concluded in their research that
the reduction of molecular oxygen by [Cu (phen)2]" (Cu " proceeds via the formation of an
interm ediate w ith a copper-oxygen bond, i e via Cu'-0: Depending on the concentration
of cu" present in the lution, this transient may either react w ith another Cu' or decom-

pose to Cu' and 02, as shown in Eq (1) and Eq (2).
cu'!

y, 2cu"+ 0. (1)

Cu'+0.=cCu'- 0
\ Cul
cu'"+02 = 2cu"+ 07" (2)
cu' —~cu" inour systen isnot a smpleprocess Our expermental results are consistent
w ith Goldstein's conclusion W hen extra molecular oxygen is present in the lution, the

transient complex Cu'-O2may decompose to Cu" (Eq 2). W hen the Cu" concentration be-
comes higher in the olution, the transientmay reactw ith another Cu' to produce cu'. The
Cu' ion accelerates the oxidation of Cu' to Cu'".

Conclusion

The cuprous complex film could be formed in the agueous lution on a clean metallic
copper surface in the presence of a nitrogen-containing heterocyclic ligand such as 1, 10-
phenanthroline and a proper organic anion (BzZ and Ts for instance). The deposited
cuprous complex hasproved to have a slightly distorted tetrahedral skeleton [Cu(phen)2]".
W hen the deposited Cu' fim increased to amaximum thickness, it started to be oxidized to
cupric compound ThecCu" ion in the solution hindered the processof Cu’ to Cu', and in the
mearw hile accelerated the processof Cu' to Cu'.
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