
Cop per Octacarboxyphthalocyanine Ag gre ga tion
in Buf fered So lu tions

by A. Suchan* and J. Nackiewicz

In sti tute of Chem is try, Uni ver sity of Opole, ul. Oleska 48, 45-052 Opole, Po land
*e-mail: artur.suchan@uni.opole.pl

(Re ceived Oc to ber 26th, 2007; re vised manu script Feb ru ary 4th, 2008)

Re sults of spec tral UV-Vis ab sorp tion in ves ti ga tions on as so ci a tion of cop per octa -
carboxyphthalocyanine, CuPcOC, are re ported. Influence of pH on as so ci a tion is dis -
cussed. In pH < 5.5 only ag gre gates are pres ent. Mono mer ap pears above pH = 5.5 and at
pH ³ 6.2 only monomeric Pc forms ex ist. CuPcOC ex hib its higher ten dency to wards as -
so ci a tion in phos phate buffer so lu tions than in redistilled wa ter. In pH 5.9–6.0 mono -
mers, dimers and tri mers co ex ist in equi lib rium in 1.0×10–6 – 1.2×10–5 mol/dm3

con cen tra tion range at 25°C. The av er age as sem bling num ber n = 3 was de ter mined for
pH 5.6, 5.9 and 6.0 so lu tions. The spec trum of ag gre gate was cal cu lated with two max ima 
at lmax approx. 600 nm and  630 nm at trib uted to trimer and dimer band, re spec tively. De -
crease of pH causes an in crease of cu mu lated as so ci a tion con stant Kn. Kn of or der of 109

(dm3/mol)2  was cal cu lated for pH 6.0  and 1010  (dm3/mol)2 for pH 5.9.  For pH 5.6  consi-
derably higher Kn was eval u ated. A strong in flu ence of pH on CuPcOC spec trum and
equi lib rium con stants sug gests that be sides p–p in ter ac tions hy dro gen bond ing be tween
Pc mol e cules can also oc cur.

Key words: cop per octacarboxyphthalocyanine, UV-Vis spec tra, ag gre ga tion, buf fered
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In ves ti ga tion of Tetrahalogenoferrates(III) with Cat ions
of Ni tro gen-Con tain ing Or ganic Bases.
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The crys tal and mo lec u lar struc ture of a new 2,6-dimethylpyridinium tetra bromo -
ferrate(III), [2,6-LutH][FeBr4] was de ter mined. The iron(III) cat ion adopts a slightly dis -
torted tet ra he dral co or di na tion with one an gle smaller than tet ra he dral, three al most
equal to the tet ra he dral ones and two larger. The bond va lences were com puted. The to tal
va lence of the iron atom is equal to 3.24. In the struc ture N(1)–H(1)×××Br(3) hy dro gen
bond can be found.

Key words: Fe(III) com plexes, tetrahalogenoferrate(III), crys tal struc ture
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Nanocrystals of ZnO were pre pared by mi cro wave ir ra di a tion in wa ter us ing Zn(II) ac e tate
and acetylacetone (acac) as tem plate. The ZnO ob tained nanorods with hex ag o nal (wurt zite)
struc ture were char ac ter ized by X-ray pow der dif frac tion (XRD), scan ning elec tron mi cros -
copy (SEM), high res o lu tion trans mis sion elec tron mi cros copy (HRTEM), UV-vis ab sorp -
tion and FTIR spec tros copy.
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and [Mn2MnO(CHCl2COO)6(py)3]
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(Re ceived No vem ber 29th, 2007; re vised manu script March 3rd, 2008)

Two novel m3-oxo trinuclear com plexes, [Fe2CoO(CHCl2COO)6(py)3] (1) and
[Mn2MnO(CHCl2COO)6(py)3] (2) have been syn the sized and char ac ter ized by IR spec -
tros copy, el e men tal anal y sis, UV-Vis spec tros copy and atomic absorption spec tros copy.
Com plexes 1 and 2 are m3-oxo trinuclear com pounds with the three metal at oms
bridged by six dichloroacetates groups. M3O and MO4 units adopted D3h and D4h lo -
cal sym me try, re spec tively, and are sur rounded by six bridg ing dichloroacetates with C2u

lo cal sym me try.

Key words: trinuclear com plexes, bridg ing carboxylate, dichloroacetic acid, IR
spec trum, UV-Vis spec trum
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Syn the sis, Char ac ter iza tion, in-vi tro Biocidal and Nuclease 
Ac tiv ity of Cu(II), Fe(II) and Fe(III) Com plexes
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Com plexes of Cu(II), Fe(II), and Fe(III) have been syn the sized by re ac tion of their metal
salts with bis(4-hydroxy-2oxo-2H-chromen-3-yl)-meth ane or bis(4-hydroxy-2oxo-2H-
chromen-3-yl)-thiophene-2yl-meth ane or bis(4-hydroxy-2oxo-2H-chromen-3-yl)-pyri -
din-3yl-meth ane in mo lar ra tio 1:2. They have been char ac ter ized us ing 1H-NMR,
13C-NMR, IR spec tra, elec tronic spec tra, mag netic mea sure ments and el e men tal anal y -
ses and screened for their in-vi tro antimicrobial ac tiv ity against Ba cil lus ce reus, Staph y -
lo coc cus aureus, Esch e richia coli, Ba cil lus subtilis, Sal mo nella typhi, and Serratia
marcescens. The metal com plexes ex hibit mod er ate antimicrobial ac tiv ity com pared to
pa ren tal com pounds and stan dard drugs. In-vi tro nuclease ac tiv ity has been de ter mined
us ing agarose gel elec tro pho re sis. The syn the sized com pounds show ef fec tive nuclease
ac tiv ity.

Key words: biocidal ac tiv ity, DNA, nuclease ac tiv ity, gel elec tro pho re sis, IR and NMR
spec tra

Pol ish J. Chem., 82, 1527–1539 (2008)



Syn the sis, Char ac ter iza tion and Elec tro chem is try
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Octakis(3-phenylpropylthio) porphyrazines MPz(SR)8, where (M = Mg, H, Ni, Zn, Co)
and R = C9H11, were syn the sized start ing with the cor re spond ing un sat u rated dicarbo -
nitrile de riv a tive. These new com pounds have been in ves ti gated and char ac ter ized
by UV, FT-IR, 1H NMR, GC-MS and el e men tal anal y sis meth ods. As in the case of
the unmetalated spe cies, [H2Pz], three re vers ible one-elec tron re duc tions and one re vers -
ible ox i da tion pro cess (two for Co(II)Pz) were ob served for all of the metal com plexes.
The E1/2 val ues are sim i lar for the H2Pz, Ni(II)Pz and Zn(II)Pz de riv a tives with neg a tive
shift due to the dif fer ent ef fec tive charges of the cen tral metal ion. Peak to peak sep a ra -
tions and sep a ra tion be tween the first re duc tion and first ox i da tion cou ples re lated with
the HOMO-LUMO gap of the com plexes are in har mony with the com mon porphyrazine
com plexes.
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Syn the sis of 5,5-Bis(hydroxymethyl)-
N-hydroxypyrrolidin-2-one De riv a tives
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2,2-Disubstituted methyl 3-(5-ni tro-1,3-dioxane-5-yl)pro pa no ate de riv a tives were re -
duced with alu mi num amal gam in a THF/wa ter mix ture to af ford the cor re spond ing
methyl 3-(5-hydroxylamino-1,3-dioxane-5-yl)propanoates in high yields. Ace tic an hy -
dride acetylation of 3-(5-hydroxylamino-2,2-dimethyl-1,3-dioxane-5-yl)pro pa no ate
gave N-acetyl de riv a tive in 91% yield. Heat ing of the g-(hydroxylamino)es ters in to lu ene
fur nished the mix ture from which the cor re spond ing N-hydroxypyrrolidin-2-one de riv a -
tives were iso lated in 38–56% yield. Un ex pect edly, the cyclization ap peared to be the
crit i cal step of syn the sis of ti tle pyrrolidin-2-ones.

Key words: g-nitroesters, alu mi num amal gam ni tro group re duc tion, g-hydroxylo -
aminoesters, cy clic hydroxamic acids
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Am biv a lent Nucleophilicity of 1,4,5-Trisubstituted
Imidazole-2-thiones in Re ac tions with Dimethyl
Acetylenedicarboxylate and Phenylisocyanate
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The 1,4,5-trisubstitued 2,3-dihydro-1H-imidazole-2-thiones 1 re act with electrophilic
re agents via the S- or the N(3)-atom. The re ac tion with dimethyl acetylenedicarboxylate
in meth a nol at room tem per a ture oc curs by the nucleophilic ad di tion of the S-atom to give 
the cor re spond ing 2-[(1H-imidazol-2-yl)sulfanyl]fumarates 4 in high yield. On the other
hand, imidazole-2-thiones 1 re act with phenylisocyanate in di chloro methane at room
tem per a ture to yield 2,3-dihydro-2-thioxo-1H-imidazole-1-carboxamides 5. The struc -
tures of both types of ad ducts were es tab lished by X-ray crys tal log ra phy.

Key words: imidazole-2-thiones, ad di tion re ac tions, acetylenedicarboxylates, iso cyanates,
X-ray crys tal log ra phy
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Se lec tive Ox i da tion of Iso bu tane and Iso bu tene over
 Mo-Te Mixed Ox ide Cat a lysts
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A se ries of TeMox (x = 3–6) mixed ox ides were pre pared and in ves ti gated for the se lec tive 
ox i da tion of iso bu tane and iso bu tene. Both the char ac ter iza tion re sults and the cat a lytic
prop er ties of the sam ples are quite dif fer ent, de pend ing on the com po si tion of the cal -
cined sam ples. Among them, TeMo3 cat a lyst showed the best to tal se lec tiv ity to
methacrolein and methacrylic acid (as high as 46%), and their yield reached 10.1% at
400°C in the se lec tive ox i da tion of iso bu tane. How ever, TeMo4 cat a lyst showed the best
cat a lytic per for mance in the se lec tive ox i da tion of iso bu tene, in which 73% se lec tiv ity to
methacrolein and 9% se lec tiv ity to methacrylic acid can be ob tained at 77.5% iso bu tene
con ver sion at 440°C.

Key words: iso bu tane, iso bu tene, se lec tive ox i da tion, methacrolein, methacrylic acid
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Conductometric Study of Ce sium Bro mide in
2-Butanol + Wa ter Mix tures
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Mo lar con duc tiv i ties of di lute so lu tions of ce sium bro mide in bi nary mix tures of
2-butanol and wa ter were mea sured in the tem per a ture range from  288.15  to  308.15 K at 
5 K in ter vals. The lim it ing mo lar con duc tiv ity (Lo) and the ion-pair for ma tion con stant
(KA) were de ter mined by the Lee-Wheaton con duc tiv ity equa tion. Ther mo dy namic
quan ti ties, Gibbs en ergy (DGo), enthalpy (DHo) and en tropy (DSo) for the ion-as so ci a tion
re ac tion were de rived from the tem per a ture de pend ence of KA. The ac ti va tion en ergy of
the ionic move ment (DH‡) was de rived from the tem per a ture de pend ence of Lo. The ob -
tained ther mo dy namic quan ti ties, to gether with Walden prod uct, were in ter preted in
terms of the ionic size as well as sol vent ba sic ity, struc ture and permittivity.

Key words: ce sium bro mide, 2-butanol + wa ter mix tures, as so ci a tion to ion-pairs, ther -
mo dy namic quan ti ties
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Crys tal Struc ture and Quan tum Chem i cal Cal cu la tions
on o-Hydroxyacetophenone Phenylhydrazone
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o-Hydroxyacetophenone phenylhydrazone has been syn the sized and char ac ter ized by el -
e men tal anal y sis, IR and elec tronic spec tros copy. The X-ray crys tal struc ture study
shows that the com pound con tains two crys tal lo graphi cally in de pend ent mol e cules in the 
asym met ric unit and crys tal lizes in the monoclinic sys tem, space group P21/c, with Mr =
226.27 (C14H14N2O), a = 13.433(3), b = 10.738(2), c = 18.351(7) ¯, b = 114.44(2)°, V =
2409.8(12) ¯3, Z = 8, Dc = 1.247 Mg/m3, F (000) = 960, m (Mo Ka) = 0.080 mm–1, R =
0.0638, wR = 0.1535. Ab in itio cal cu la tions of the struc ture, atomic charge dis tri bu tions,
nat u ral bond or bital anal y sis and ther mo dy namic func tions of the ti tle com pound were
per formed at HF/6-311G** and B3LYP/6-311G** lev els of the ory. Elec tronic ab sorp -
tion spec tra were cal cu lated by the time-de pend ent den sity func tional the ory (TD-DFT).
Vi bra tional fre quen cies were pre dicted, as signed and com pared with the ex per i men tal
val ues. The cal cu la tion of the sec ond or der op ti cal nonlinearity was car ried out and the
mo lec u lar hyperpolarizability of 3.332×10–30 esu was pre dicted.

Key words: crys tal struc ture, quan tum chem i cal cal cu la tion, vi bra tional fre quen cies,
sec ond or der op ti cal nonlinearity
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The adi a batic (ver ti cal) ion iza tion po ten tial (IP) and va lence elec tron af fin ity (EA) of
gas eous pyridone have been de ter mined with HF method and three DFT meth ods:
B3LYP, B3P86 and B3PW91 at 6-311++G(d,p) and 6-311++G(2d,2p) ba sis sets. IPs and
EAs of pyridone in so lu tions have been cal cu lated at the B3LYP/6-311++G(d,p) ba sis
set.  IPs and EAs of four iso mers of pyridone are both pos i tive val ues.  The IPs in so lu tions 
are smaller than the re sults in the gas eous phase and de crease with the in crease of di elec -
tric permittivities in so lu tions. This find ing in di cates that the cationic states in so lu tions
are more sta ble than those in the gas eous phase. All the EAs are neg a tive in the gas eous
phase, in di cat ing that the an ionic states are un sta ble with re spect to the elec tron
autodetachment, both adi a bat i cally and ver ti cally.

Key words: den sity func tional the ory, ion iza tion po ten tial, elec tron af fin ity, pyridone
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Ap pli ca tion of Chemometrics and Quan tum Chem i cal
 Cal cu la tions to the Study of Complexation Equi lib ria

Be tween 1,8-Bis(o-aminophenoxy)-3,6-dioxaoctane
and Some Tran si tion and Heavy Metal Ions

in Acetonitrile So lu tion
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Evo lu tion ary fac tor anal y sis (EFA) and rank an ni hi la tion fac tor anal y sis (RAFA) were
ap plied to re solve the two-way equi lib rium spec tro pho to met ric data for the de ter mi na -
tion of sta bil ity con stants of the com plexes of 1,8-bis(o-aminophenoxy)-3,6-dioxaoctane 
(BOAPD) with Co2+, Ni2+, Cu2+, Zn2+, Cd2+, Pb2+ and Hg2+ ions. The num ber of com po -
nent spe cies was de ter mined by fac tor anal y sis of the absorbance data and then a hard
model be tween the an a lyt i cal con cen tra tions of the ligand and metal ions, the equi lib rium 
con cen tra tions of all spe cies pres ent and the cor re spond ing equi lib rium con stants was
writ ten. By know ing the equi lib rium con stants, the equi lib rium con cen tra tions of the
spe cies will be cal cu lated at each metal to ligand mole ra tio. The val ues of equi lib rium
con stants were var ied iteratively and, at each it er a tion, the ligand’s in for ma tion (i.e., the
equi lib rium con cen tra tion and spec tral in for ma tion) were an ni hi lated from the orig i nal
data ma trix un til the rank of the orig i nal data ma trix was re duced by one. The re sults re -
vealed that ligand forms ML com plexes with Co2+, Ni2+, Cu2+, Zn2+, Cd2+, and Pb2+ and a
ML2 adduct with Hg2+ ion. The equi lib rium con stants, the con cen tra tion and spec trum
pro files of each complexed spe cies were then cal cu lated. The re sid ual stan dard de vi a tion
(RSD) of the re sid ual ma trix af ter bilinearization of the back ground ma trix is re garded as
the eval u a tion func tion.

Key words: EFA, RAFA, complexation equi lib ria, spectrophotometry, 1,8-bis(o-amino -
phenoxy)-3,6-dioxaoctane
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Sen si tiz ing of Semi con duct ing Photocatalysts by Cyanine
Pig ment with Two Con ju gated Chromo phores
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TiO2 and CdS based heterostructures (HS) with biscyanine – cyanine pig ment com pris -
ing two con ju gated chromo phores as a sensitizer have been syn the sized. Ab sorp tion
spec tra of HS have been an a lyzed and their photocatalytic ac tiv ity (PA) in the re ac tion of
meth y lene blue re duc tion was de ter mined. En ergy trans for ma tion and elec tron trans fer -
ring pro cesses in duced by var i ous spec tral zones ir ra di a tion have also been de scribed.
It has been found that photocatalytic ac tiv ity de pends on the pig ment con cen tra tion in HS.
In ter re la tion be tween changes in PA and some im por tant spec tral pa ram e ters has also
been de ter mined.

Key words: ti ta nium di ox ide, cad mium sul phide, sen si tiz ing, photocatalytic ac tiv ity,
cyanine pigment
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Hy dro gen Underpotential Ad sorp tion Mea sured
Chronocoulometrically on Plat i num De pos ited

on Glassy Car bon and Polyaniline
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Hy dro gen underpotential de po si tion was stud ied by chronocoulometry with the ini tial
po ten tials fixed by sat u rat ing the acid so lu tion with hy dro gen of de fined par tial pres sure.
Ad sorp tion charges ob tained from Anson plots en abled plot ting ad sorp tion iso therms in
the range 0–400 mV vs. RHE. Lat eral in ter ac tion pa ram e ters, g, cal cu lated from the iso -
therms point out very strong re pul sive in ter ac tions at very low coverages, most prob a bly
due to struc ture changes oc cur ring upon desorption of bisulfate and, but less pro nounced,
for per chlor ate an ions. Since the g pa ram e ter is roughly con stant for q 0.3 through 0.7,
Frumkin type ad sorp tion may be as sumed in that range.

Key words: hy dro gen underpotential de po si tion, hy dro gen ad sorp tion iso therm, plat i -
num on glassy car bon, plat i num on polyaniline
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