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ABSTRACT

The powder complex containing Cu(ll),1,10-phenanthroline (phen) and trifluoroacetate (TFA)
has been obtained by single direct interaction of the corresponding precursors. The chemical formula
of [Cu(phen), (H,0),](TFA),.2H,0, diaquabis(phenanthroline)copper(ll) trifluoroacetate dihydrate,
has been proposed based on the TGA-DTA and the equivalent electrical conductance which was
found in the range of 3 ions per molecule. The corresponding magnetic moment (y,), 1.77-181 BM,
supports that it is normal paramagnetic corresponding to spin-only value for an unpaired electron
in the electronic configuration of Cu(ll). UV-Vis spectrum of the complex reveals the only one broad
absorption observed at about 681.50 nm (14673.51 cm''), being associated with the spin allowed
transition, 2Eg — 2T, The infrared spectrum shows absorptions of ligand group which is influenced
by the metal-ligand interaction in this complex. The powder XRD of this complex was refined by
Le Bail method of Rietica program and found to be fit as triclinic symmetry of space group P1 with
the cell parameters of a = 10.8985A; b = 41.0532A; ¢ = 16.1082A; a. = 98.2720°% B = 91.95449,
y = 82.4071%V = 7068.8295A°% Z = 1; with figure of merit: R = 1.83; R, =5.70; R = 0.37; Bragg
R-Factor = 0.03; and GOF = 231.4.
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INTRODUCTION

Trifluoroacetic acid, H-TFA, has been long
known and considered as a strong acid since the
pKa value of about 0.23, being less than one as for
perchloric, hydrochloric, chloric, and nitric acids’. This
reflects about 100,000 times stronger compared to
acetic acid (with a pKa of 4.76)2. This characteristics
might be due to the highly electronegative fluorine
atoms which are more electron-withdrawing nature

in the trifluoromethyl group, and thus weakening the
-COO-H bond. Hence, the corresponding potassium
or sodium salts, might be a good source for counter
anion rather than an oxygen-coordinating agent to
the cationic metal complex. Unfortunately, not much
anionic TFA of transitional metal complexes have
been observed, and till quite recently it is true, for
at least the synthesis of transition metal complexes
of phenantholine were reported by Sugiyarto et al.,®
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Copper(ll), is among other transition metals
having a special preference of (4+2) coordination
due to the Jahn-Teller effect® associated with d°
electronic system®. Accordingly, the chemistry of
copper(ll) with various mono and bi-dentate ligands
in the corresponding complexes have been well
known to have coordination number of 4, 5 (square
pyramidal and trigonal bipyramidal) and 6 as a result
of the strong Jahn-Teller distortion.®”

In the case of “symmetrical” bidentate
ligands through nitrogen donor atoms, such as
2,2’-bipyridine and 1,10-phenanthroline, the
corresponding bis-ligand mixed with another
unsymmetrical bidentate of nitrogen-oxygen donor
atoms, monodentate ligand, the six-coordination
complexes of Cu(ll) might result®. However,
five-coordination either distorted square pyramidal
or trigonal-bipyramidal geometry®” might also be
produced. Thus, it should not be surpising, though
it is certainly very rarely, when single crystal of
tris-bipyridine copper(ll) perchlorate in fact was
observed to be two types, one a six-coordinated
complex while the other a five-coordinated- distorted
square-pyramidal geometry®. From this point,
structural study of the lattice parameters which could
be undoubtedly analysed from the powder X-Ray
difrraction of the synthesized complex of [Cu-phen-
TFA-H,0], is then significant and this is the main
point in this work.

MATERIALS AND METHODS

Materials

The essential chemicals of copper(ll)
nitrate, 1,10-phenanthroline (C,,H,N,), sodium
trifluoroacetate, copper(ll) sulfate, calcium chloride,
mangan(ll) sulfate, nickel sulfate, aluminium
nitrate and iron(lll) chloride were purchased from
Sigma-Aldrich. All the reagents were used without
any purification.

Preparation of copper(ll) complex

About 10 mL of an aqueous solution of
0.1 mmol Cu(NOQ,), and 5 mL solution of 0.32 mmol
phenanthroline in water (with drops of ethanol to
disolve) were mixed. The mixture was warmed while
stirring to obtain an homogeneous solution. An
excess of saturated aqueous solution of CF,COONa
(5 mL aqueous solution of 0.4 mmol) was then added
to this solution. The mixture was concentrated on
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warming, and the obtained powder on cooling was
then separated by filtering, rinsed with a minimum
of cold water, and then dried in exposure.

Instruments

Magnetic Moment. The magnetic
suseptibility for the three powdered samples were
recorded at room temperature using the Magnetic
Susceptibility Balance (MSB) of Auto Sherwood
Scientific 10169 model, which was calibrated with
CuS0,.5H,0. After converted to molar magnetic
susceptibility data it was then corrected with the
diamagnetic values according to Pascal's constant'’to
have the corresponding effective magnetic moments
(u,,) following the formula, p_, = 2.828V (y,,.T) BM.

Electronic and Infrared Spectra

The electronic spectrum of the powdered
sample was recorded on Pharmaspec UV 1700
spectrophotometer, while in solution it was recorded
on Spektrofotometer UV-Vis Shimadzu 2400 PC
Series. The spectra were recorded at 400-1000 nm.
For the infrared spectrum, the powdered sample was
recorded on an infrared spectrophotometer FTIR
Shimadzu Prestige 21 at 500 - 4000 cm-'.

lonic Characteristic

The ionic characteristic of the complex was
estimated from the measurement of the electrical
equivalent conductance by using a conductometer
calibrated with an aqueous solution of 1 M potassium
chloride at 25°C. The data obtained were estimated
according to those of known ionic solutions, NiSO,,
MnSO,, CuSO,, CaCl,, FeCl,, and AI(NO,),, which
were simultaneously recorded with the same
conductometer.

Powder XRD. The diffractogram of the
powdered complex was recorded by using a Rigaku
Miniflex Benchtop Diffractometer, CuKa: A=1.5406 A,
in a scan mode at 2-90 degree of 20 at rate of 10 and
an interval of 0.02. The resulted diffractogram was then
analysed according to Rietica program of Le Bail method
at 5-60 degree of 20, which was run within 75 cycles.

RESULTS AND DISCUSSION

The Empirical Formula of the Complex

The blue precipitate produced on addition
of saturated aqueous solution of sodium TFA in
excess into the mixture containing phenantroline and
Cu(ll) should result in the corresponding copper(ll)
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complex of phenanthroline-TFA. The equivalent
electrical conductance of the complex in aqueous
solution which was found to be in the range of 3 ions
per molecule as compared to some other known
samples (Table 1) suggests that TFA should act
as counter anions. Hence, an empirical formula of
[Cu(phen) (H,0) 1(TFA), xH,O was proposed.

Table 1: The equivalent electrical conductance of the
complex and some known salts in aqueous solutions

Compounds  Equivalent conductance Amount ratio Number of ions

(Ac) @'em2mol! of cation/anion per molecule

NiSO,
MnSO,
CusoO,

118.355
119.612
114.770

CaCl, 194.515
AI(NO,), 519.095
FeCl, 476.975
[Cu(phen), 150.125
(H,0),J(TFA),xH,0

N W W N ===
W A A ON NN

This chemical formula was then estimated
from the corresponding TG-DTA data. As shown in
Fig. 1. The thermal decomposition of this complex
takes place in four-five stages. By assuming the
formula to be [Cu(phen),(H,0),I(TFA),.2H,0 it
suggests that the first loss of mass about 4.983%
in the range 70-100°C likely corresponds to the
thermal dehydration of uncoordinated water, which
is calculated to be 4.986% for 2H,0.

The next stage of loss of mass takes place
from about 170 to 315°C, it is 35.586%. In this curve
of loss in mass, the first might be due to loss of
coordinated water, it is 4.986% for (H,0),, while the
next loss is likely the decomposition of (TFA), anions
(cal. 31.30%) completed at 315°C, giving rise to the
total theoretical loss of 36.286% in mass.

The decomposition of coordinated
water has been reported up to 190-200°C*"', and
Chandraleka and Chandramohan reported at
90-200°C for decomposition of both uncoordinated
and coordinated water, and it is a general way
to distinguish the decomposition of lattice water
molucules occuring in the range of 50-130°C
from that of coordinated ones in the range of
130-250°C™.

While for TFA it was decomposed in the
range of 240-300°C'3, 285-295°C'4, and 240-320
°C for coordinated TFA'™. The following two stages
315-420-450°C might be then due to decomposition
of two mole of phenanthroline one by one, and they
are combined into 48.986%, being reasonable close
to the theoretical calculation of 49.925%. As reported
by Kharadi'!, decomposition of phen-ligand occured
at 265-350°C and 420-480°C™".

The remaining 10.445% loss of mass at
above 450°C should be due to CuO (cal. 11.01%).
Table 2 summarizing data of theoretical calculation
and observed TGA-DTA is thus reasonably confirmed
the proposed formula.

Table 2: Observed and calculated data of TG-DTA

Type 2phen 2H,0 (L) 2TFA 2H,0 CuO =

Mr 360.42 36 226 36 79.54 721.92
TGA (%) 48.986 35.586 4.983 10.445 100
Calculated 49.925 4.986 31.30 4.986 11.01 100

(%) (36.286)

Error (%) 1.88 1.92 0.06 5.13

The Magnetic Moment

As shown in Table 3 the magnetic moment
calculated from the measurement of the magnetic
susceptibility of the estimated formula for three
separatedly prepared samples was 1.77-1.81
BM, being normal paramagnet for the a° electrons
of Cu(ll). It is very close to the spin-only value
(1.73 BM), which is quite common observed in Cu(ll)-
complexes” 2, and no Cu-Cu interaction” %17,

Tabel 3: Magnetic data of [Cu(phen),(H,0),](CF,COO0),.2H,0

10— ‘
90 N |
Delta Y= 4.983% \
ol o i \ Delta Y= 35.586%
70 <
60 : .
~50 | Delta Y=15.913%
2 g
S0 =
=30 .
o) .~ Delta Y= 38.073%
L ‘
0

3050 100 150 200 250 300 350 400

450 500
Temperature ( "C)

Fig. 1. The TGA-DTA of [Cu(phen),(H,0),](TFA),.2H,0 at
30-500°C

Sample T (K) %y X 10 (Cgs) Magnetic Moment (BM)
1 291 1. 3362 1.78
2 291 1. 3066 1.77
3 291 1. 3944 1.81
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The Electronic Spectra

The electronic spectrum of the complex in
solution was recorded at 200-800 nm and shown
in Fig. 2 (inset). It shows slightly asymmetric single
broad band concentrated at about 677 nm (14770
cm”), indicating an octahedral distortion, being
associated with Jahn-Teller effect®. This band
might be attributed to the spin allowed transition of
2Eg—) 2ng in copper(ll) and this is slightly weaker than
that of the tris-phen(Cu)-complex of perclorate'®, being
14850 cm™, but much stronger than that of the starting
material, [Cu(H,0).** (i.e. about 12000 cm™)*.

(@)
A \. ‘/\
N CEEG) |
200 200 —— 600 800

Wavelength | nm

Fig. 2. Electronic spectra of [Cu(phen),(H,0),]
(CF,C00),.2H,0: (a) in solutions (inset) and (b) powder

In powder-solid, the spectrum shows
practically no change in position of this ligand field
band, indicating the stability of this complex in
both states. Another sharp band is concentrated at
337 nm (29670 cm™) with a distinct shoulder at
lower energy around 400 nm (25000 cm™'); they are
phenanthroline ligand-metal charge transfer and
intraligand n-r* transitions.'® 21

The Infrared Spectrum

The IR spectra of the complex and TFA
were recorded in the range 500-4000 cm™ as overlaid
and displayed in Fig. 3 and hence, it seems readily
assigned. For the phenanhtroline (A-red) the broad
band at about 3418 - 3433 cm™ might be due to
-OH stretching of H,0 molecules®*** as observed
also by Sutrisno et al.,* and reported by Shad et al.,
at about 3441 cm™.2% The vibration at about 3067
cm™ may be assigned as modes of v, bond as
reported by others?6?” at 3064 cm™, and 3051-3068
cm™'. The modes of vibrations at 1624, 1602, 1516,
and 1423 cm™ might be assigned as the skeleton
ring modes of v . and v, which are in the range of
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1650-1400 cm™' as also reported by Hu et al.,*®
and also Abdelhak et al.,® though Zang et al.,?®
suggested that the mode of vibration at 1585 cm™’
was due to v, .

The remaining modes at 1670, 1443, 12083,
1134, 849, 802, 725, are to be primarily due to the TFA
characters.®They are assigned as C-O, C-C stretchings,
and asymmetry-symmetry deformation of CF,.

%T

GV

3433-3418
3067-3078
1670
1203
1134

Y
]
=
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Il
B

2000 1500 1000 500
1/em
Fig. 3. Infrared spectra of [Cu(phen), (H,0),](CF,C00),.2H,0

(A-red) and CF,COONa (B-black) with numbers of
selected bands

3000 2500

Wavenumber

4000 3500

The Powder XRD and Structural Analysis

The powder X-ray diffraction of the
complex [Cu(phen),(H,0),](CF,CO0),.2H,0 was
then recorded, and the diffractogram together with
its refinement following Le Bail method of Rietica
program is shown in Fig. 4. The black signs (+)
represent the observed-experimental data, the full
line (red) is the refinement at 5-60 degree of 2 theta
for the expected model of triclinic symmetry of space
group P1 which are the blue bar-lines, and the green
curve-line indicates the differences between the
observed diffractogram and the refinement.

Itis obvious that the red full line does almost
pass through the black observed data, and this is
demonstrated by the green-curve which is almost
flat, indicating that the corresponding refinement
might be considered very good with the Goodness
of Fitting (GOF) to be 231.4 with derived Bragg
R-Factor of 0.03, and low figure of merit: RID =1.83;
R,, = 5.70; R, = 0.37. Detailed results of lattice
parameters of the crystal structure are presented in
Table 4, together with the known single crystal data
of others related complexes for comparison.
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Fig. 4. Diffractogram of [Cu(phen), (H,0),](CF,C00),.2H,0
(black sign +, a), and of refined triclinic space group of
P1 model (red full line, b) with it’s posision of 2 theta
(blue bars, c), and the difference between the black
observed and the red refined model (green, d)

Lattice parameters of related complexes
containing triflate anion might be considered for
comparison. Thus, a single crystal of the triflate
monohydrate?®?, [Cu(phen),](CF,S0O,),. H,0, has
been reported and it was found to be triclinic system
of a P1space group. While for the corresponding
powdered dihydrates, [Cu(phen),](CF,S0O,),.2H,0%
the powder X-ray difractogram has been refined to be
the same triclinic system and P1 space group though
both different in lattice parameters. Other powdered
uncoordinated-TFA in the divalent complexes may
also be usefull for comparison, they are [Mn(phen),]
(TFA),.1.35H,0% and [Ni(phen), ](TFA),.3.5H,0% The
refinement for both complexes were found to be very
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good fittings, being structurally triclinic symmetry
of PI for the former cationic complex with the cell
parameters as shown in Table 4 with relatively low
figure of merit of : Rp =1.31; pr =2.39; Rexp = 0.56;
Bragg R-Factor = 0.04; and GOF = 18.00. For the
latter complex, the low figures of merit are Rp =17,
R,, =408, R, =0.32, GOF = 167.4 and derived
Bragg R-Factor of 0.06. Thus, the structural analysis of
Rietica program applied in powdered difragtogram of
complex compounds seem acceptable. So, as shown
in Table 4, itis clear that the triclinic symmetry for each
complex shows difference in length of a-b-c axes. In
this work, b axis was found to be much longer than a
and b as observed also in Cu-phen-triflate.?°

How good is good enough of the fitting, Toby
(2006)%° discussed regarding how low of R factors
and in fact it was found not easy to conclude. As quite
recently reported by Kusumawardani et al.,(2017)%,
the R factors for powder of Cu(bipy),(CF,SO,),.
(0.5-1) H,0, were found to be 5.50 (R), 9.94 (R,)
and 2.68 (Rexp) leading to GOF of 13.72, and 0.02
(Rrage)-

From these reasons, the complex in this
work might be considered to have a space group
of P1 in triclinic symmetry, and in principle it should
be possible and promising to draw the molecular
structure of the (cationic) complex extracted from
the hkl produced by the fitting, though, it is still very
hard struggling.

Table 4: Detailed cell parameters of [Cu(phen),]X, where X= (CF,SO,),*2H,0* (a), (CF,SO,),*H,0 (b)*,
(S,0,)°5H,0 (c)*', (TCNQ),*0.5 C,H,OH (d)** [Cu(phen),](H,0),](CF,C0O0),.2H,0 (e)*, and [Mn(phen),]
(CF,C00),.1.35 H,0, (f); *)This work; (a, e and f) are due to Le Bail method of Rietica program

X) (a) (b)

(c) (d) (e) (f)

Symmetry Triclinic Triclinic Triclinic Triclinic Triclinic Triclinic
Space Grup P1 P1 P1 P1 P1 P1
a(A) 9.96201 10.7448(3) 11.232(4) 21.945(5) 10.8985 13.6422
b (A) 39.89891 13.4992(3) 13.569(6) 11.106(3) 41.0532 18.2792
c (A) 17.19187 14.8755(4) 14.654(6) 10.186(3) 16.1082 23.8741
V (A3 6776.3286 1897.10(8) 2012.6(14) 2450.4 7068.8295 5261.6714
a (%) 95.92929 104.1650(10) 99.67(1) 86.50(5) 98.2720 114.4245
B(°) 86.18185 104.2840(10) 99.44(1) 84.41(6) 91.9544 94.8337
Y (°) 92.65168 105.7230(10) 109.75(1) 83.21(4) 82.4071 99.7977
R, 5.19 1.83 1.31
R.p 10.65 5.70 2.39
R 1.99 0.37 0.32
z 4 2 2 2 1 1
GOF: 2 28.58 1.046 n.a n.a 231.4 18
R 0.03 0.03 0.04

Bragg
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The SEM-EDX

The high crystalinity of the powder-complex
as reflected by the sharp peaks of the difractogram
(Fig. 4) was confirmed by the corresponding
SEM-photographs (Fig. 5) on various magnifications.
The analysis of the corresponding energy dispersive
X-ray (EDX) of the selected surface as shown in
Fig. 6 strongly demonstrates the existence of all main
elements, Cu-C-N-O-F, except the hydrogen atom,
though it is not possible to estimate accurately the
percentage of each element according to empirical
formula of the complex.

ok MR &

Fig. 5. SEM-photographs of [Cu(phen),(H,0),](CF,C00),.2H,0
at magnification of 100x (a), 1000x (b), 3000x (c) and 10,000x (d)

CONCLUSION

The powder complex of [Cu(phen),](H,0),]
(CF,C00),.2H,0 has been prepared. The magnetic
moment was found to be normal paramagnet for an
unpaired electron of Cu(ll). The electronic spectral
property of the powder shows a slight asymmetry
band concentrated at about 677 nm (14770
cm™), which is commonly attributed to the spin
allowed transition, 2E—?T,. The M-L and interligand
charge transfer bands were also observed. The
infrared spectrum of the complex shows the typical
vibrations of the functional groups of phen and the
corresponding uncoordinated ftriflate anion. The
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Fig. 6. The image of selected surface of [Cu(phen),(H,0),]
(CF,C00),.2H,0 and its EDX analysis result showing the
content of elements

Powder XRD refined by Rietica program of Le Bail
fitting suggests that the complex is likely triclinic
symmetry of space group P1 with the derived Bragg
R-factor, 0.03.
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