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Abstract The complex containing chromium(lll), 2,6-bis(pyrazol-3-yl)pyridine (3-bpp), and CF3SO3~
(trifluoromethanesulfonate (triflate)) has been prepared and characterized. The conductance, metal
content, and thermogravimetric and differential thermal analysis (TGA-DTA) analysis suggest the

complex to be [Cr(3-bpp)2](CFsS0s)3:2H20. The paramagnetic moment corresponds to the three
unpaired electrons being consistent with the electronic configuration of chromium(lll). The electronic
spectral bands are not well resolved attributed to the spin-allowed transitions of quartet ground state to
guartet excited states. The IR spectral data signify the mode of vibrations typical for 3-bpp as well as
the triflate. While the images of scanning electron microscope-energy dispersive X-ray (SEM)
photographs confirm the crystalline particle size and the energy dispersive X-ray (EDX) signifies the
existence of all elemental content. The analysis of powder-X-ray diffraction (powder-XRD) following the
Rietica program of Le Bail suggests being a structurally orthorhombic crystal system, and Pbca space
group, with Z = 16, Rp=4.30, Rwp = 5.14, Rexp = 12.17, R-Fpragg = 0.04, and goodness of fitting (GOF) =
0.1783. The complex shows a weak inhibition of bacterial activity against S. aureus and E. coli.

Keywords: Antibacteria, 2,6-bis(pyrazol-3-yl)pyridine, chromium(lll), P-XRD, triflate.

Introduction

Studies concerning the inorganic physical properties and the powder-XRD of the divalent metal
complexes such as Mn(ll), Co(ll), and Cu(ll) in an octahedral environment of the six coordinated
bidentate, bipyridine (bipy) and phenanthroline (phen), with triflate (CF3SOs™) have been reported in
detail [1-3]. Following the program of the Le Bail program to the corresponding P-XRD, it could
demonstrate an acceptable refinement leading to the lattice parameters of the powder. The complex
salts of bis-3-bpp with Fe(ll) were studied some time ago and are currently reviewed [4], but no
antibacterial aspect is involved.

Regarding the medicinal aspects, the research of metal complexes seems to involve antibacterial agent
use [5-9]. A possible explanation for the toxicity of the complexes has been associated with the light of
chelation theory [5].

Therefore, our research in the metal complex should extend to consider the extra role of an antibacterial
agent. In this work, the two types of bacteria commonly around human life, Gram-positive and Gram-
negative, will be considered, and these are Staphylococcus aureus and Escherichia coli. For those
reasons, the preparation of the new powder complex containing Cr(lll), the tridentate ligand of 3-bpp,
and the triflate anion is now of interest, not only directed to the common physical inorganic properties
associated with magnetism, infrared (IR), and ultraviolet-visible (UV-vis) spectral properties, P-XRD, but
also to the antibacterial activity, and the results are reported.
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Materials and Methods

Chemical Materials

The reagents of CrCls.6H20 (p.a., 2 98.0%), CuS04.5H20 (ACS reagent, = 98.0%), Ca(NOs)2 ( ACS
reagent, 99%), Fe(NOz)3.9H20 (ACS reagent, =2 98%), Ni(NO3)2.6H20 (p.a., 2 98.5%), and KCI (ACS
reagent, 99.0-100.5%), for the conductivity measurement, and CF3SOsK (= 98.0%) for the anionic
complex preparation were purchased from Sigma-Aldrich, and no particular treatment prior usage.
Whereas, Nutrient Agar (NA) and Nutrient Broth (NB) chloramphenicol, Staphylococcus aureus bacteria,
and Escherichia coli bacteria, for antibacterial measurement, were purchased from the Laboratory of the
Department of Biology, Yogyakarta.

Preparation of 2,6-bis(pyrazol-3-yl)pyridine Ligand, 3-bpp, and the Cr(lll)

Complex
The ligand 2,6-bis(pyrazol-3-yl)pyridine, 3-bpp, (Scheme 1) was obtained from Sugiyarto et al. [10] as
reported following the adapted method of Lin and Lang [11].

The Cr(lll) complex of 3-bpp was prepared according to the anionic

replacement reaction as follows. Into an ethanolic solution of 3-bpp O

(0.259 g; 1.2 mmol, ~4 mL), an aqueous solution of CrClz.6H20 (0.164 N

g; 0.6 mmol, ~3 mL was added while warming. After filtering the ¢ || || A\
mixture, an aqueous solution of CF3SO:zK in excess (0.7 g; 3.6 mmol, N—N  (3-bpp) N~

~3 mL) was added into it whereupon the yellow-orange solid produced H Scheme 1 NH

on reducing the volume while scratching. The solid was collected by

filtering, washing with minimum cold water, drying in aeration, and storing in a desiccator over P20s. The
preparation of the powder complex was done separately three times to confirm the reproducibility and in
magnetic measurements. The complex formula is to be six N-coordinated of bis(3-bpp) to Cr(lll), [Cr(3-

bpp)2]**.

Physical Measurements

Magnetism. The mass magnetic susceptibility (xg) of the complex was obtained using Magnetic
Susceptibility Balance of Auto Sherwood Scientific 240V-AC calibrated with CuSO4-5H20 before
measurement. The powder of the complex was packed tightly in the Gouy tube. The mass was recorded
with and without a magnet, and the difference of the two reflected the xg. Following conversion into molar
susceptibility (xm) and involving Pascal's constant [12,13] for diamagnetic correction, the corrected xv’ is
obtained to arrive at the effective magnetic moment (uer) as for the general relationship, et =
2.83V(xm’.T) BM [14-16] at the temperature T, of the sample.

Ultraviolet-visible (UV-vis) electronic and infrared (IR) spectra. The electronic spectrum of the
complex was recorded in the range of 300-800 nm by using a spectrophotometer of Pharmaspec UV.
The IR spectrum of the complex mixed with KBr was collected in the range of 400-4000 cm using a
spectrophotometer of the FTIR-ABB MB3000.

Metal content and ionic property. The metal content of chromium in the complex was estimated by
using An AAS of the PinAAcle 900T Perkin Elmer. The ionic property of the complex was estimated using
a conductometer of the Lutron CD-4301 after calibrated with an aqueous solution of 1 M KCI at 25°C
before measurement, and some known ionic salts, CrCls, CuSOa, CaClz, Fe(NOz)s, and Ni(NO3)2, were
also recorded for comparison.

Thermogravimetric and differential thermal analysis (TG-DTG). The presence of water molecules
solvated in preparing the complex was deduced from the TG-DTG data performed by a Diamond Perkin
Elmer equipped with a NETZSCH STA 409C/CO thermal analyzer with the rate of 10°C/min.

Scanning electron microscope-energy dispersive X-ray (SEM-EDX). The topographic structure of
complex compounds was recorded using SEM-EDX JSM-6510LA with magnifications 100x, 1000x,
5000x, and 10000x. The powdered sample was placed in a particular cell by attaching it using carbon
tape. It was then introduced into the SEM-EDX tool and bombarded with electrons. The focused electron
beam scanned and hit the sample resulting in issuing new electrons of the sample which are received
by the detector and sent to monitors as an image pattern of the sample.

Powder-X-ray diffraction (P-XRD). A Rigaku Miniflex 600 40 kW 15 mA benchtop diffractometer with
CuKa, A = 1.5406 A was used to record the diffractogram of the complex. The powder X-ray diffraction
pattern was obtained from a benchtop diffractometer of Rigaku Miniflex 600 40 kW 15 mA with CuKa, A
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= 1.5406 A. The scan mode within the range 2—-90 degrees of 28 in the interval of 0.04 steps per 4 sec
for 2 h was applied. The corresponding diffractogram was refined by the application of the Le Bail
program over the range of 10-50 degrees of 26 in 30 cycles.

Determination of the antibacterial activity. The antibacterial activities of the complex were tested
against Staphylococcus aureus (ATCC 25924) as Gram-positive type and Escherichia coli (ATCC 35218)
as Gram-negative type according to agar disk-diffusion method by the media of Nutrient Agar (NA) and
Nutrient Broth (NB). Chloramphenicol was applied as the standard antibacterial agent (positive control),
while water was used as negative control. The inhibition area (in mm) of the antibacterial activities was
recorded every 3 hours during 24 hours of incubation on the concentration series, 125, 250, 500, and
1000 pg/mL of the complex. Measurements were done using a caliper (accuracy 0.02 mm) on 3 sides of
the sample [17, 18]. All preparation of samples in the media was done in an autoclave and the
antibacterial activity test was done under Laminar flow.

Results and Discussion

Conductance, AAS, TG-DTG, and the Chemical Formula of the Complex

Direct interactions of the 3-bpp and chromium(lil) chloride in the solution resulted in a brownish solution
of the cationic complex which precipitated to an orange powder on the addition of an excessive potassium
triflate salt. The ionic nature of this salt was determined by measuring the equivalent electrical
conductance estimated based on several known simple compounds, and the results are listed in Table
1. The conductance of the complex falls in the range of the commonly known ionic compound containing
four ions per molecule, and this suggests the stoichiometric empirical formula to be [Cr(3-
bpp)n](CF3S03)3:xH20, where n = 2. Hence, the formula of the complex exhibits typically an
uncoordinated anion of triflate, as it was also observed for the corresponding Fe(ll) [19, 20].

Table 1. The equivalent electric conductance of the complex and several simple known salts in aqueous
solution

c Equivalent conductance, | The ratio of the number | Number of ions
ompounds A A2 a1 . :

¢, (Qicm?mol?) of cations to anions per molecule
CuSOq4 84.5614 1:1 2
CaClz 160.1258 1:1 2
CuCl2 172.0782 1.2 3
Ni(NOs)2 178.4155 1:2 3
Fe(NOs)3.9H20 285.5122 1:3 4
CrCl3.6H20 436,8101 1:3 4
[Cr(3-bpp)n] .
(CFsS03)3:xH20 3209851 13 4

According to the thermogravimetric profile as depicted in Figure 1 and decomposition data listed in Table
2, the mass loss of about 3.715 % in the first stage, up to 50°C (ca. 3.762 % for 2H20, giving an error of
1.17%), might strongly suggest being the loss of water molecule [21]. Considering the metal content of
Cr, obtained from AAS data of 6.19 % (ca. 5.43 %, giving an error of 12.27%), this is likely to suggest

confirming the proposed stoichiometric formula of the complex to be [Cr(3-bpp)2](CFsS03)3-2H20.
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Figure 1. The TG-DTG thermogram of [Cr(3-bpp)2](CF3S0s)3:2H20 at 30-1000°C

Table 2. The proposed formula of the complex due to the hydrate and metal content estimated by TG-
DTG and AAS data showing the percentage of calculated error figures (in brackets*)

Proposed complex H20 content (%) Cr content (%)
calculated TGA-DTG calculated AAS
[Cr(3-bpp)2](CF3SOs)s-1H20 1.915 5.53 (10.667)
(48.45")
[Cr(3-bpp)2](CF3S03)3-2H20 3.762 (1.86") 3.715 5.437 (12.27") 6.19
[Cr(3-bpp)2](CF3S03)s-3H20 5.53 (32.82") 5.33 (13.89)

Although the thermographic profile (Figure 1) seems well to contain only three simple stages of weight
loss, it is not easy to explain the corresponding compound as confirmed in Table 3. Each stage does not
reflect the complete loss of a specific compound, but rather an unclear mixture. The loss of the first stage
(up to 50°C) might be fixed for dehydration, but the next two stages (50-520°C and 520-680°C) and the
residue seem uncertain species. The second-third stage loss (81.357%) is mostly due to 2 molecules of
3-bpp, two molecules of triflate, and a “radical” CFs, which are calculated at about 87.887%. The
remaining (14.571%) is likely believed to be the slow conversion of metal-SOs (cal. 12.102%) to metal-
metal oxide(s) by assuming the decomposition is not finished yet at the experimental temperature
(1000°C). It should be noted that while the absence of the mass-spectroscopic data, this analysis is not
confirmed.

Table 3. TG-DTA data of [Cr(3-bpp)2](CF3S03)3-2H20

Lost of Weight TG-DTA (%) Calculated (%) Species

First stage 3.715 3.762 2H20

Second stage 47.054 44.111 2(3-bpp)

Third stage 34.303 31.131 2(CF3S0s)
8.883 CFs

1t - 39 stages 85.429 87.887

The rest 14.571 6.683 SOs
5.429 Cr

Magnetism

For the magnetic susceptibility measurement, the three samples of the Cr(lll) complex were prepared
separately to confirm the reproducibility. The magnetic data as listed in Table 4, produce the moments
of 3.7- 4.1 BM, being comparable to the other reported data of various Cr(lll) complexes, which are to
be 3.51-4.19 BM [22], 3.77-3.84 BM [23], and 3.71-3.84 BM [24]. The moments are very close to the
value of spin only, us, for the 3 unpaired electrons (3.87 BM) in the 3d® configuration of Cr(lll), and
therefore, there is no orbital contribution to the magnetic moment was observed as predicted by the
single degeneracy [13-16].

10.11113/mjfas.v20n3.3379

564



MJFAS

Padmaningrum et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 20 (2024) 561-570

Table 4. Magnetic moment of [Cr(3-bpp)2](CF3S03)3-2H20

Sample T (K) Xg (€gs) Hett (BM)
1 291 8.61084 x10-6 4,182
2 291 6.98844 x106 3.743
3 291 7.17792 x106 3.797

Electronic Spectrum

Figure 2 shows the two UV-vis spectra of the complex recorded as powder and in solution. The slightly
similar pattern of the two suggests being stability of the complex in both states. The spin only of magnetic
data of octahedral Cr(lll) in the complex suggests having no triply ground state of the quartet, but *Axg
(single degeneracy). Therefore, following the Tanabe-Sugano diagram [13] for the ideal octahedral
geometry, the three possible spin-allowed transitions, “Azg(F) — “T2g(F), *Azg (F) — *T1g(F), and “Azq (F)
— “T14(P), might assign to the main electronic spectrum of the complex. The spectra of the complexes
under study show bands below 30000 cm- [25] and the extinction coefficient (Figure 2) is too high which
cannot be interpreted in terms of idealized On symmetry.

As depicted in Figure 2, however, the spectra are not well resolved and exhibit only an indicative of the
spin-allowed transitions, the first broad ligand field band centered at ~19500 cm™ (vi), the second
shoulder at ~20500 cm™ (v2), the third shoulder at ~22000 cm (vs), and the forth at ~ 23000 cm (v4).
By assuming in a lower symmetry of Dan, those bands are comparable to the complex of [Cr(terpy)2]3*
reported (using Gaussian/Loretzian analysis) by Sulekh Chandra & Poonam Pipil, 2014 [24], and thus,
in the present complex the four bands observed might be attributed to the “Big — *Eag (V1), “B1g — “B2g
(v2), “B1g — “Ebg (v3) and “B1g — *Aa1g (Va) transitions respectively, reflecting a singe degeneracy ground
term.
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Figure 2. Electronic spectra of [Cr(3-bpp)2](CF3S0Os)3.2H20: powder (a), and in agueous solution, 0.005
M (b)
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Infrared Spectra

The IR spectrum of the complex, [Cr(3-bpp)2](CF3S03)3.2H20, is displayed in Figure 3, together with that
of CF3SO0sK, thus allowing the direct assignment. The broadband (Figure 3A-red full line) at about 3399
cm?is likely due to the stretching modes of -OH of the H20, being symmetric-/anti symmetric- lattice as
strongly indicated in the first stage loss in the TG-DTA graph (Figure 1) for the complex. This is
comparable as observed by Abebe, Kendie, & Tigineh, 2022, at 3398 cm™ [26], by Shad et al., 2011, at
around 3441 cm™ [27], even though Kumar et al., 2014, reported that to be an aromatic of C-C at around
3430 cm* [28]. The band centered at about 3434.87 cm is associated with the stretching mode of O-H
in H20 as observed by Ma, et.al., 2021, at 3475-3412 cm™ [29] and Pervaiz, et.al., 2020, at 3400-3500
cm™ [30].

The stretching modes at 3141-2750 cm-* are likely to the NH and CH stretching region of the IR spectrum
of the pyrazole ring being comparable as observed by Rice et al., 2005 [31], and Rastegarnia, et al.,
2019 [32]. While the three sharp modes at the region 1620-1450 cm™ and at about 760 cm™ are likely
attributed to the v(C=C) stretching, v(C=C-N) stretching, v(N-H) bending, and v(C-H) stretching of
pyridine in 3-bpp as being comparable with those reported by Gamez et al., 2002 [33] for free 3-bpp of
Cu(ll).
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Figure 3. IR Spectra of [Cr(3-bpp)2](CF3S03)3.2H20 (black) and CF3SOsK. 4H20 (red) with numbering of
selected peaks indicated

SEM, EDX, and Powder-XRD

Particle size as indicated in the image of SEM, Figure 4 (a), might consider the powder complex to be
relatively bulky polycrystalline rather than amorphous type. The EDX profile (Figure 4b) confirms the
presence of all elemental content (Cr, N, C, F, and S) except for hydrogen.

Counts

SEl - 15kV WD11mm $S30

! LPPT UGM . .

() (b)
Figure 4. SEM photograph of [Cr(3-bpp)2](CFsS03)s.2H20 at a magnification of 10000 times showing
crystalline solid (a) and EDX showing elemental content (b)
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The lattice parameters of the powder [Cr(3-bpp)2](CF3sS0Os3)3.2H20 were deduced from the results of the
refinement of the diffractogram following the Le Bail program, and it is described in Figure 5 and Table
5. For comparison, the cell parameters of a single crystal of [Cr(tpy)2]®* [34] were listed.

300

Counts

10 15 20 25 30 35 40 45 a0 25 60
2 theta (deg)

Figure 5. P-XRD profile of [Cr(3-bpp)2](CFsS0s3)s.2H20 (black), the refinement on orthorombic symmetry
of Pbca (red), the position of 20 (blue), and the difference in intensity (green) between the experimental
data (black) and the refinement lines (red) showing almost flat.

Table 5. Lattice parameter data of [Cr(3-bpp)2](CF3S03)3.2H20

Complex Compound [Cr(3-bpp)2](CF3S03)s. 2H20 2{[Cr(tpy)2][PFs]3}. 5MeCN"
Crystal System Orthorombic Orthorombic
Space group Pbca Pbca
a (A) 21.9853 22.0190(11)
b (A) 32.5696 32.5520(17)
c (A 47.3629 47.334(3)
a(°) 90 90
B(°) 90 90
y () 90 90
V(A3) 33914 33927
Z 16 16
The Figure of Merits
Rexp 12.17 -
Rp 4.3 -
Ruwp 5.14 -
Gof 0.1783 1.056
R-Feragg 0.04 -

“Constable, et al., 2014 [34].

As shown in Figure 5, the red line of the refinement passes through almost all the black points of
experimental XRD data at the blue bars space group and symmetry model. The distribution of the green
line demonstrating the difference between the original experimental data and the refinement model
seems to be flat-linear. In addition, the figure of merits is to be acceptable low. For these reasons, the
refinement should satisfy the model, and hence it can be concluded that the powdered complex adopts
a space group of Pbca, with cell parameters of, a = 21.9853 A, b = 325696 A, ¢ = 47.3629 A, a = 90°,
=90°, y = 90°, V = 33914 A3. The figure merits of Rexp = 12.17, Rp = 4.30, Rwp = 5.14, R-Fgragg = 0.04,
and goodness of fitting (GOF) = 0.1783, the refinement might be acceptable.

Antibacterial Activity Test
The medicinal aspect of the complex was tested against the activity of Staphylococcus Aureus (S.A) and
Escherichia Coli (E.C) bacteria. They represent the two types, Gram-positive and Gram-negative,
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respectively, which are pathogenic and easily found in humans. In this, chloramphenicol was applied as
a positive control following the agar disc-diffusion method in Nutrient Agar (NA) and Nutrient Broth (NB)
or diffusion assay procedures [18,35]. All numerical data of the diameter of the clear inhibition zone (in
mm) with time (in hours) to the concentration of the complex are summarized and displayed in Figure 6
and Figure 7.

18 1 ——125 pg/mL
~ 16 -
g 14 . —— 250 pg/mL
% 12 | 500 pg/mL
§ 107 1000 pg/mL
5 8 Ho
% 6 - —— Choramphenicol
N 4 i
5 — Aquadest
= 2 i
=
= 0-
£ L0 5 10 15 20 25 30

Time (hour)

Figure 6. Graph of the clear inhibition zone diameter (in mm) with concentrations of the complex, [Cr(3-
bpp)2](CF3S03)3.2H20, against the time of S. aureus activity

14 —125 pg/mL
£
£ 12 ——250 pg/mL
2 10
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Figure 7. Graph of the clear inhibition zone diameter (in mm) with concentrations of the complex, [Cr(3-
bpp)2](CF3S03)3.2H20, against the time of E. coli activity

Following the Kolmogorov-Smirnov test, it was found that the diameter data of the clear inhibition zone
is not normally distributed (p = 0.000; p < 0.05), and then by Levene’s test, it is found to be
inhomogeneous data (p = 0.000; p < 0.05). By the next non-parametric test, Kruskal-Wallis and Mann-
Whitney test, it can be concluded that the complex in all variant concentrations falls statistically into no
different category (p = 0.000; p < 0.05), and being a weak antibacterial agent [35]. Table 6 shows the
average inhibition zone of the complex at the optimum time of six hours and that of the positive-negative
control, chloramphenicol-aguadest, at nine hours.
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Table 6. The average inhibition zone diameter with concentration of the complex and the antibacterial
power

Concentration of the The average inhibition zone diameter (mm) antig:ct:?gr?gpogwer

complex Due to S. aureus Due to E.coli

125 pg/mL 0.82667 0.36417 weak

250 pg/mL 0.76208 0.4925 weak

500 pg/mL 0.57833 0.49667 weak

1000 pg/mL 0.43917 0.54417 weak

Aquadest 0 0 none

Chloramphenicol 9.3475 8.3025 strong

In the light of chelation theory, the bipy ligand may be considered to be highly stable, however, the high-
spin complex of Cr(lll) suggests that the tris-ligand provides significantly a weak ligand field strength,
and this might cause a weak antibacterial agent, as quite recently observed for [Mn(bipy)s](CF3S03):2 [3].

Conclusions

The complex of [Cr(3-bpp)2](CF3S03)s:.2H20, has been successfully prepared and confirmed by the
physical properties. The corresponding lattice parameters have been estimated following Le-Bail
refinement to the P-XRD diffractogram. The complex shows only a weak category in inhibiting the growth
of S. aureus and E. coli bacterial activity.
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