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Determination of Stability Constants and Thermodynamic
Parameters for Ciprofloxacin-HCI With Some Transition Metal lons
by Potentiometric Titration Technique
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University of Mosul, College of Education, Department of Chemistry

Abstract

This study included calculating the stability constants and stoichiometries of some binary
complexes formed from the interaction of seven of metal ions (Cr*3,Mn*?Co*? Ni*?,Cu*™?,Zn*? and
Cd*?) with Ciprofloxacin-HCI. This study was carried out using Potentiometric Titration Technique
at different concentrations of the drug and the metal ion and at temperatures (288,298,310,318 and
328 K£0.1) in aqueous solution. Although, there are many methods available to study the stability of
metal-ligand complexes, pH-metric is most frequently used to determine the stability constants.
Hence, (Calvin - Bjerrum pH-metric titration technique) as adopted by Irving—Rossotti was used to
calculate of stability constants. The results of the concentration effect study showed that the
formation of complexes were more stable in dilute solutions, and through study of the temperature
effect it was concluded that the stability of the complexes can be increased with raising temperature,
and the stability constants value obtained were used in the calculation of thermodynamic parameters
(4S°, 4H, AG?). The results of this study also showed that the ciprofloxacin tends to form two types
of metal complexes in the solution (ML;),(ML,) and this indicates that the reaction ratio between the
drug and the metal ion was (1:1) and (1:2)(M:L) respectively for all metal ions. These ratios
depended on the nature of the ligand or the metal ion, and the stability of the complexes formed
increases according to the following arrangement (Mn* < Co* %< Ni* < Cu* %> Zn* ?) and this
arrangement 1s compatible with Irving Williams’s arrangement for the stability of the elements.

Keywords: Ciprofloxacin, Stability Constant, Potentiometric Titration, Metal Complexes
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: (3alal)

sl ey (OmabuSslgpmall) sl Siate o 0S G axalls ally PHVLV2V3 ) ad ¢ 1dgan)
:37°C g dapay el litall dalida 5805 2 pL, N, NA ady (980 sl + a5l g paseall)

(Cipro=0.002M, Cr=0.001M) S

pH Vi Vs Vs VsV, n, n pL
2.4 4.763 4.722 4.833 0.111 2.081 0.216 12.825
3 5.044 5.014 5.197 0.183 2.060 0.354 11.666
3.2 5.066 5.042 5.282 0.240 2.048 0.468 11.298
3.4 5.087 5.070 5.368 0.297 2.035 0.583 10.933
4 5.152 5.154 5.569 0.415 1.996 0.827 9.818
4.6 5.217 5.238 5.712 0.474 1.958 0.960 8.672
5.2 5.282 5.322 5.855 0.533 1.920 1.098 7.536
5.8 5.347 5.406 5.998 0.591 1.882 1.240 6.413
6.4 5.411 5.490 6.131 0.641 1.845 1.367 5.300
7 5.476 5.620 6.264 0.645 1.717 1.471 4.243
7.2 5.498 5.665 6.309 0.644 1671 1.508 3.959
7.8 5.578 5.801 6.442 0.641 1563 1508 3.565
8.2 5.632 5.891 6.646 0.754 1.493 1.963 4551
(Cipro=0.004M, Cr=0.002M) s sl
pH Vi V2 Vs VsV, n, n pL
36 5.109 5.181 5.428 0.247 1.929 0.255 10.142
4.2 5.174 5.292 5.735 0.443 1.883 0.466 9.003
4.4 5.195 5.328 5.837 0.508 1.868 0.538 8.625
5 5.260 5.439 6.292 0.853 1.823 0.922 7.564
5.6 5.325 5.770 6.629 0.859 1.560 1.074 6.435
6.2 5.390 6.074 6.823 0.748 1.324 1.091 5.248
7 5.476 6.235 7.109 0.874 1.253 1.339 3.857
7.2 5.498 6.275 7.196 0.921 1.235 1.429 3.606
7.4 5.524 6.315 7.283 0.967 1.223 1516 3.435
7.8 5578 6.396 7.457 1.061 1.198 1.692 3.394
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(Cipro=0.006M, Cr=0.003M) s

pH Vi vV, Vs ViV, n, n pL
3.2 5.066 5.127 5.410 0.283 1.959 0.192 10.751
4 5.152 5.288 5.979 0.690 1.910 0.477 9.233
4.2 5.174 5.329 6.127 0.798 1.897 0.555 8.858
4.8 5.239 5.450 6.622 1.172 1.860 0.828 7.756
5.4 5.303 5.917 7.199 1.282 1595 1.040 6.651
6 5.368 6.538 7.569 1.031 1.230 1.063 5.468
6.6 5.433 6.641 7.828 1.186 1.206 1.244 4.376
7.2 5.498 6.745 8.108 1.363 1.182 1.452 3.460
7.4 5.524 6.779 8.215 1.436 1.178 1534 3.288
76 5.551 6.814 8.323 1.509 1174 1616 3.217
(Cipro=0.008M, Cr=0.004M) s il
pH Vi Vs Vs ViV, n, n pL
3.2 5.066 5.104 5.428 0.324 1.981 0.163 10.619
38 5.131 5.227 6.196 0.970 1.952 0.493 9.516
4 5.152 5.267 6.290 1.022 1.943 0.522 9.126
46 5.217 5.390 6.617 1.227 1.914 0.633 7.964
5.2 5.282 5.667 7.324 1.657 1.809 0.896 6.867
5.8 5.347 6.888 8.152 1.264 1.238 0.960 5.704
6.4 5.411 7.086 8.522 1.436 1.174 1.144 4.599
7 5.476 7.191 8.785 1.504 1.156 1.285 3.544
7.6 5.551 7.296 9.122 1.826 1.143 1.484 2.973
7.8 5.578 7.332 9.344 2.013 1.140 1.638 3.047
(Cipro=0.01M, Cr=0.005M) s sl
pH Vi vV, Vs ViV, n, n pL
3 5.044 5.022 5.447 0.425 2.009 0.169 10.924
36 5.109 5.152 6.122 0.969 1.983 0.389 9.789
38 5.131 5.196 6.392 1.196 1.974 0.482 9.419
4 5.152 5.239 6.583 1.344 1.965 0.543 9.039
46 5.217 5.370 7.000 1.630 1.939 0.664 7.883
5.2 5.282 5.500 8.182 2.682 1.914 1.103 6.871
5.8 5.347 7.058 8.857 1.799 1.323 1.018 5.641
6.4 5.411 7.198 9.227 2.030 1.295 1.168 4.523
7.2 5.498 7.384 9.700 2316 1.258 1.365 3.194
7.4 5.524 7.430 9.900 2.470 1.251 1.461 3.024
7.6 5.551 7.477 10.179 2.702 1.244 1.605 3.006

dalida 3 die CpaluSeldg ) Cladea toanl aolalSi Cauall) zuiyh.n Z\:ubﬁ:\u}’\ Cul gl ﬁ\é 1 2J 5l
37°C B Loy ol litall

S £ gall JuS 5 LogK; LogK; LogB LogK;-LogK, LogK./LogK,
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0.002 11.198 4.018 15.216 7.179 2.787
0.004 8.826 3.466 12.292 5.360 2.546
Cr 0.006 9.124 3.360 12.484 5.764 2.715
0.008 9.420 2.981 12.402 6.439 3.160
0.01 9.305 3.019 12.324 6.285 3.082
0.002 5.800 3.930 9.729 1.870 1.476
0.004 4.225 4.157 8.382 0.067 1.016
Mn 0.006 4.686 4.406 9.093 0.280 1.064
0.008 4.720 4.867 9.587 -0.147 0.970
0.01 5.027 3.085 8.112 1.942 1.629
0.002 6.511 3.445 9.955 3.066 1.890
0.004 8.560 3.145 11.705 5.415 2.722
Co 0.006 7.348 3.813 11.161 3.535 1.927
0.008 7.542 2.981 10.523 4.561 2.530
0.01 7.015 4.703 11.718 2.312 1.491
0.002 7.565 3.411 10.976 4.154 2.218
0.004 8.854 7.052 15.906 1.802 1.255
Ni 0.006 9.688 6.656 16.344 3.031 1.455
0.008 9.339 7.371 16.709 1.968 1.267
0.01 9.479 7.470 16.949 2.009 1.269
0.002 10.963 3.455 14.418 7.508 3.173
0.004 12.121 4.051 16.172 8.071 2.993
Cu 0.006 12.017 4.285 16.301 7.732 2.805
0.008 11.639 4.450 16.089 7.189 2.615
0.01 12.316 3.945 16.260 8.371 3.122
0.002 6.026 3.471 9.497 2.555 1.736
0.004 7.166 4.416 11.582 2.750 1.623
Zn 0.006 2.550 2.984 5.534 -0.434 0.855
0.008 7.504 4.214 11.718 3.290 1.781
0.01 7.169 3.490 10.658 3.679 2.054
0.002 6.612 4.208 10.820 2.405 1.571
0.004 5.923 4.808 10.731 1.115 1.232
Cd 0.006 5.694 3.381 9.075 2.312 1.684
0.008 4.169 4.031 8.201 0.138 1.034
0.01 4.629 2.757 7.386 1.872 1.679

Adral) (Aaiey (CauluSoldypuadl) slgal) ade (e JS Om paall @Al pH, V1V, V3 ) a0 30 gaal)
cdelinall (Cipro=0.002M, Mn=0.001M) S5 sie pL, N, Na ads (il asd + Cmabussis ped)
rdalidae dyha cilaiyg

(15°C) a4

pH | Vi | Ve H Vs | V-V | ny | n | pL
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4 5.152 5.129 5.195 0.067 2.047 0.130 9.610
4.4 5.195 5.186 5.278 0.092 2.019 0.181 8.823
5 5.260 5.271 5.401 0.130 1.978 0.260 7.645
5.8 5.347 5.386 5.588 0.202 1.923 0.415 6.088
6 5.368 5.414 5.643 0.229 1.909 0.472 5.706
6.2 5.390 5.443 5.698 0.255 1.895 0.530 5.325
6.8 5.455 5.545 5.863 0.317 1.821 0.684 4.203
7.4 5.524 5.682 6.100 0.418 1.690 0.968 3.391
7.6 5.551 5.727 6.300 0.573 1.655 1.352 3.439
7.8 5.578 5.773 6.500 0.727 1.619 1.752 3.776
8.4 5.659 5.909 6.686 0.777 1511 1.996 5.555
(25°C) 5 adl 4 0
pH \/ V, V3 ViV, n, n pL
4 5.152 5.121 5.190 0.069 2.062 0.134 9.611
4.6 5.217 5.212 5.310 0.097 2.010 0.192 8.427
5.2 5.282 5.303 5.429 0.126 1.958 0.254 7.243
5.8 5.347 5.394 5.577 0.183 1.907 0.379 6.078
6 5.368 5.424 5.641 0.217 1.889 0.453 5.700
6.2 5.390 5.455 5.705 0.251 1.872 0.527 5.324
6.6 5.433 5.523 5.833 0.311 1.823 0.670 4,581
6.8 5.455 5.568 5.897 0.329 1.776 0.728 4.218
7.4 5.524 5.705 6.452 0.747 1.646 1.774 4.055
7.6 5.551 5.750 6.567 0.817 1.610 1.980 4.960
(37°C) ) Al da
pH V, V, V3 ViV, ny, n pL
4 5.152 5.154 5.204 0.050 1.996 0.100 9.603
4.6 5.217 5.238 5.319 0.081 1.958 0.163 8.420
5.2 5.282 5.322 5.433 0.111 1.920 0.229 7.237
5.8 5.347 5.406 5.602 0.195 1.882 0.410 6.087
6 5.368 5.434 5.683 0.249 1.870 0.525 5.721
6.4 5.411 5.490 5.846 0.355 1.845 0.758 5.003
6.6 5.433 5.529 5.927 0.397 1.810 0.863 4.650
7.2 5.498 5.665 6.292 0.627 1.671 1.467 3.924
7.4 5.524 5.710 6.431 0.720 1.634 1.722 3.965
7.6 5.551 5.756 6.538 0.782 1.599 1.909 4.295
(45°C) 3 ad) A
pH V, V, V; VsV, n, n pL
4 5.152 5.147 5.218 0.071 2.010 0.140 9.613
4.6 5.217 5.235 5.334 0.099 1.965 0.201 8.429
5.2 5.282 5.322 5.450 0.128 1.920 0.263 7.246
5.8 5.347 5.410 5.637 0.227 1.876 0.479 6.107
6 5.368 5.439 5.718 0.279 1.861 0.591 5.742
6.2 5.390 5.468 5.798 0.330 1.846 0.705 5.381
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6.8 5.455 5.585 6.064 0.479 1.743 1.078 4.360
7 5.476 5.630 6.192 0.562 1.697 1.298 4.119
7.2 5.498 5.675 6.321 0.646 1.652 1.529 3.978
7.8 5.578 5.809 6.600 0.791 1.547 1.991 5.213
(55°C) ) Al da )
pH V, V, Vs V3V, ny i pL
4 5.152 5.184 5.196 0.012 1.936 0.025 9.586
4.6 5.217 5.263 5.307 0.044 1.908 0.092 8.403
5.2 5.282 5.342 5.419 0.076 1.881 0.161 7.221
5.8 5.347 5.421 5.593 0.172 1.853 0.366 6.075
6 5.368 5.447 5.709 0.262 1.844 0.560 5.732
6.2 5.390 5.474 5.826 0.352 1.834 0.755 5.399
6.8 5.455 5.593 6.208 0.615 1.727 1.397 4.547
7 5.476 5.640 6.347 0.708 1.679 1.651 4.426
7.2 5.498 5.686 6.486 0.800 1.630 1.920 4.749

vieg dalida dyha clay P OnealuaSslag ) laina paeal Chuail Ayl dLAiay) culg a4 gaal)
:ede liall (Cipro=0.002M, M=0.001M) 35

Al 3l da LogK, LogK; LogB LogK;-LogK, LogK,/LogK;
15 9.365 3.458 12.823 5.907 2.708
25 10.476 3.667 14.143 6.809 2.857
Cr 37 11.198 4,018 15.216 7.179 2.787
45 10.520 6.570 17.089 3.950 1.601
55 10.696 7.073 17.769 3.623 1.512
15 5.524 3.564 9.088 1.960 1.550
25 5.462 3.909 9.370 1.553 1.397
Mn 37 5.800 3.930 9.729 1.870 1.476
45 6.037 3.996 10.033 2.041 1511
55 5.838 4.498 10.336 1.341 1.298
15 5.477 3.413 8.890 2.063 1.605
25 5.852 3.408 9.260 2.444 1.717
Co 37 6.511 3.445 9.955 3.066 1.890
45 6.722 3.405 10.126 3.317 1.974
55 7.358 3.439 10.797 3.919 2.140
15 6.339 3.404 9.743 2.935 1.862
25 6.917 3.407 10.323 3.510 2.030
Ni 37 7.565 3.411 10.976 4.154 2.218
45 8.300 3.411 11.711 4.889 2.433
55 8.597 3.459 12.057 5.138 2.485
15 10.473 3.403 13.876 7.069 3.077
Cu 25 11.146 3.429 14.575 7.716 3.250
37 10.963 3.455 14.418 7.508 3.173
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45 11.345 3.493 14.838 7.852 3.248
55 11579 3.548 15.127 8.032 3.264
15 4.943 3.689 8.632 1.253 1.340
25 5.830 3513 9.344 2.317 1.659
Zn 37 6.026 3.471 9.497 2.555 1.736
45 6.490 3.876 10.367 2.614 1.674
55 6.762 4.086 10.848 2.676 1.655
15 5.174 3.491 8.665 1.682 1.482
25 5.762 3.882 9.645 1.880 1.484
cd 37 6.612 4.208 10.820 2.405 1571
45 6.791 4.696 11.487 2.095 1.446
55 7.180 5.111 12.291 2.069 1.405
:atiae Lol clagts Lglal £3Y) ga Gl g paanal) clainal Lol sgapsll) Jlsal) pd @ 50 g2l
Y LogB T(K) 1UT(K) AH(KJ/mol) | AG (KJ/mol) [ AS (J/mol)
9.088 288 0.003472 -50.113 371.414
9.370 298 0.003356 -53.465 370.200
S 9.729 310 0.003226 56.854 -57.749 369.688
10.033 318 0.003145 -61.092 370.900
10.336 328 0.003049 -64.913 371.243
8.665 288 0.003472 -47.782 738.021
9.645 298 0.003356 -55.031 737578
3 10.820 310 0.003226 164.768 -64.224 738.682
11.487 318 0.003145 -69.945 738.089
12.291 328 0.003049 -77.189 737.673
12.823 288 0.003472 -70.711 1045.138
14.143 298 0.003356 -80.697 1043.576
5 15.216 310 0.003226 230.288 -90.316 1034.207
17.089 318 0.003145 -104.054 1051.392
17.769 328 0.003049 -111.596 1042.332
8.890 288 0.003472 -49.021 463.933
9.260 298 0.003356 -52.837 461.170
8 9.955 310 0.003226 84.592 -59.090 463.490
10.126 318 0.003145 -61.658 459.905
10.797 328 0.003049 -67.805 464.625
9.743 288 0.003472 -53.725 562.831
10.323 298 0.003356 -58.904 561.321
= 10.976 310 0.003226 108.370 -65.148 559.736
11.711 318 0.003145 -71.307 565.024
12.057 328 0.003049 -75.720 561.251
S 13.876 288 0.003472 -76.519 436.878
3 49.302
14,575 298 0.003356 -83.162 444,509
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14.418 310 0.003226 -85.578 435.095
14.838 318 0.003145 -90.345 439.141
15.127 328 0.003049 -95.001 439.948
8.632 288 0.003472 -47.599 502.200
9.344 298 0.003356 -53.313 504.525
N 9.497 310 0.003226 97.035 -56.371 494.857
10.367 318 0.003145 -63.121 503.636
10.848 328 0.003049 -68.128 503.546
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