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Table S1 Analytical and physical data of the ligand (HL) and its complexes (1-5).

Compounds ) Found (Calcd) (%)
. Yield M.P
(Formula Weight & Colour ©) (O Am
Empirical Formula) ’ C H N M
(HL) Ligand 49.88 0550 0897
(31321) (CsHN,Broy)  Yellow 8524 61 500y (05.42)  (08.93) 20.90
M [C‘(t%%(/?;)o)]ﬁzo Brownish o0 0 o, 40.03 0468 0625 1405 oo
: green ' (39.75) (04.63) (06.18) (14.03)

(Ci5H21N,BrOs)Cu

(2) [Co(L)(AcO)].4H,O 3580 0550 0555  11.70

502.14 Dark blue  79.08 265 46.32
(C15H(27N2Br)Og)Co (35.84) (05.37) (05.57) (11.73)

(3) Mn(L)(AcO)].4H0 36.10 0557 0565  11.05

498.15 Brown 7692 110 48.42
(CISH(NNZBr())g)Mn (36.13)  (05.42) (05.62) (11.02)

(4) [Ni(L)(AcO)].4H,0O

Greenish 35.83 05.45 05.59 11.72
(501.91) 75.85 245 4230
Coat N BOONI brown (35.86) (05.37) (05.57) (11.69)
(5) [Z“((I;;(zAgg)]'ZHzo Reddish g0 oo 3810 0490 0596 1385 .
: yellow ' (38.08) (04.86) (05.92) (13.83) %

(Ci5H23N,BrOg)Zn

Am — Molar Conductance (Ohm-'cm? mol!)

Synthesis of Schiff base ligand (HL)

The Schiff base ligand (HL) was synthesized by stirring an equal molar quantities (0.01 M) of
4-(2-amino ethyl)-Morpholine and 5-bromosalicyladehyde (0.01 M) in methanol (30 ml) and
yellow precipitate was obtained after refluxing for two hours and the volume of the solution
was reduced to one-third on water bath and cooled at room temperature. The collected pure

yellow solid ligand was dried slowly at room temperature in vacuum desiccators over

anhydrous CaCl,. The yield of the isolated ligand (HL) was found to be 85.24% (Scheme 1).



Synthesis of complexes (1-5)

A solution of 2-(-(2-Morpholinoethylimino) methyl)-4-bromophenol Schiff base ligand (HL)
(0.001 M) in methanol (40 mL) was mixed slowly to a solution of Metal(Il) acetate (0.001 M)
[Cu''(OAc),.H,0, Co''(OAc),.4H,0, Mn'(OAc),.4H,0, Ni''(OAc),.4H,0 and
Zn"(OAc),.2H,0] in 30 mL of absolute methanol and refluxed for 3 hours after stirring for 30
minutes. The finally formed solid product was separated by filtration and purified by
recrystallization using the solvent mixture of methanol-petroleum ether. Trace of water and
solvents were recovered by keeping in vacuum desiccators over anhydrous calcium chloride.
The synthesis of complexes (1-5) was followed by the similar methods and the yield was
found to be 75.85 — 80.10 %. The observed molar conductivity values of complexes (1-5)
were found in the range from 32.16 to 48.42 ohm™' cm? mol-! which was higher as compared
to free ligand (20.90 ohm™! cm? mol') and shows that they are non electrolytic nature due to
lack of dissociation. The various analytical and physical data of schiff base ligand (HL) and

its complexes (1-5) were summarized in table S1 and listed as follows.

2-(-(2-Morpholinoethylimino) methyl)-4-bromophenol Ligand (HL)

Yield 85.24 %, yellow solid, m.p.61 °C. FT-IR spectrum, KBr, v, cm!: 1639 (H-C=N-), 1273
(C-Oay), 1353 (C-N-C), 1179, 1108 (C-O-C), 2978 (C-Ha,), 2939 (C-H), 2860 (H-C=N-),
3653 (-OHy,). '"H NMR spectrum (300 MHz, CDCls, & / ppm): 13.47 (1H, s, (-OH,,), 6.84 -
7.36 (3H, m, C-Ha,), 8.28 (1H, s, -HC=N-), 3.74 (4H, t, -O-CH,), 2.63 (4H, t, -N-CH,), 2.51
(2H, p, -CH,-CH,,). 3C NMR spectrum (400MHz, CDCl; at room temperature, ppm): 164.43
(HC=N-), 160.37 (Ca,~OH), 134.93 (Br-C=CHy,), 133.34 (Br-C-CH,,), 120.11 (CA,-HC=N-),
119.12 (CA=C-OH), 109.94 (Br-Ca,), 76.75-77.38 (CDCl3;—solvent peaks), 66.93

(morpholinic-CH,-O-CH,), 56.60, 56.80 (morpholinic-CH,-N-CH,), 58.87 (=N-CH,-CH,-N),



53.83, 53.28 (=N-CH,-CH,-N). UV-vis spectrum, Me-OH, A, nm (cm™'): 382 (26,178), 297
(33,670), 267 (37,453). Molar Conductance (10uM), Me-OH, Ay, ohm™ cm? mol ' 20.90.

LC-MS Mass (m/z), Found: 313.30 (M). Anal.Cacld (%) for C;3H7;N,BrO,: C, 49.80; H,

05.42; N, 08.93. Found (%): C, 49.88; H, 05.50; N, 08.97.

[Cu'(L)AcO].H,O Complex (1)

Yield: 80.10 %, Brownish green solid, m.p.92 °C. FT-IR spectrum, KBr, v, cm™': 1627 (H-
C=N-), 1295 (C-O4,), 1338 (C-N-C), 1179, 1108 (C-O-C), 2971 (C-Hy,), 2926 (C-H), 2868
(H-C=N-), 1655, 1393 (Acetate C=0), 3423, 830 (H-O-H), 457 (M-N), 544 (M-O). UV-vis
spectrum, Me-OH, Ap., nm (cm): 643 (15,552), 405 (24,691), 357 (28,011), 283(35,335).

Molar Conductance (10° uM), Me-OH, Am, ohm™'em2 mol™: 38.90. Uer, BM: 1.85. LC-MS

Mass (m/z), Found: 435.50 (M+1). Anal.Cacld (%) for CuC,sH;;N,BrOs: C, 39.75; H, 04.63;

N, 06.18; Cu, 14.03. Found (%): C, 40.03; H, 04.68; N, 06.25; Cu, 14.05.

[Co'(L)AcO].4H,0 Complex (2)

Yield: 79.08 %, Dark blue solid, m.p.265 °C. FT-IR spectrum, KBr, v, cm'!:1631 (H-C=N-),
1306 (C-O4,), 1336 (C-N-C), 1173, 1110 (C-O-C), 2972 (C-Ha,), 2923 (C-H), 2852 (H-C=N-
), 1646, 1393 (Acetate C=0), 3447, 829 (H-O-H), 458 (M-N), 521 (M-O). UV-vis spectrum,
Me-OH, Apax, nm (cm'): 664 (15,060), 466 (21,459), 351 (28,490), 282 (35,461). Molar

Conductance (103 uM), Me-OH, Am, ohm'ecm?2 mol™: 46.32. Werr, BM: 4.22. LC-MS Mass

(m/z), Found: 431.2 (M+1). Anal.Cacld (%) for CoC;sH,;N,BrOg: C, 35.84; H, 05.57; N,

05.57; Co, 11.73. Found (%): C, 35.80; H, 05.60; N, 05.55; Co, 11.70.

[Mn"(L)AcO].4H,0 Complex (3)



Yield: 76.92 %, Brown solid, m.p.110 °C. FT-IR spectrum, KBr, v, cm!: 1626 (H-C=N-),
1303 (C-O4,), 1342 (C-N-C), 1172, 1113 (C-0O-C), 2975 (C-Ha,), 2925 (C-H), 2858 (H-C=N-
), 1648, 1394 (Acetate C=0), 3438, 823 (H-O-H), 452 (M-N), 517 (M-0O). UV-vis spectrum,
Me-OH, Apa, nm (cml): 396 (25,252), 380 (26,315), 272 (36,764). Molar Conductance

(10°uM), Me-OH, Ay, ohm™cm? mol ' 48.42. ey, BM: 1.77. LC-MS Mass (m/z), Found:

427.1 (M+1). Anal.Cacld (%) for MnC,sH,7N,BrOg: C, 36.13; H, 05.62; N, 05.62; Mn, 11.02.

Found (%): C, 36.10; H, 05.67; N, 05.65; Mn, 11.05.

[Ni'(L)AcO].4H,0 Complex (4)

Yield: 75.85 %, Greenish brown solid, m.p. 245 °C. FTIR spectrum, KBr, v, cm™':1623 (H-
C=N-), 1306 (C-O4;), 1330 (C-N-C),1195, 1114 (C-O-C), 2973 (C-Ha,), 2924 (C-H), 2860
(H-C=N-),1646, 1393 (Acetate C=0), 3438, 830 (H-O-H), 456 (M-N), 534 (M-O). UV-vis
spectrum, Me-OH, Ay, nm (cm™): 691 (14,471), 492 (20,325), 382 (26,178), 273 (36,630).

Molar Conductance (10°uM), Me-OH, Am, ohm™'em2 mol™: 42.30. Uefr, BM: 00. LC-MS

Mass (m/z), Found: 430.1 (M+1). Anal.Cacld (%) for NiC,sH,7N,BrOg: C, 35.86; H, 05.57;

N, 05.57; Ni, 11.72. Found (%): C, 35.83; H, 05.55; N, 05.59; Ni, 11.72.

[Zn"(L)AcO].2H,0 Complex (5)

Yield: 78.43 %, Reddish yellow solid, m.p.252 °C. FT-IR spectrum, KBr, v, cm™': 1622 (H-
C=N-), 1308 (C-O4,), 1332 (C-N-C), 1178, 1115 (C-O-C), 2968 (C-Hy,), 2939 (C-H), 2861
(H-C=N-), 1648,1388 (Acetate C=0), 3431, 842 (H-O-H), 465 (M-N), 542 (M-0). 'H NMR
spectrum (300 MHz, CDCl;, & / ppm): 8.86 (1H, s, -HC=N-), 6.86-7.38 (3H, m, C-Ha,), 3.75

(4H, t, -O-CH,), 2.98 (4H, t, -N-CH,), 2.53 (2H, p, -CH,-CH,,), 2.029 (3H, s, CH;C0O0), 1.78

(b, 2H, H,0). Molar Conductance (10° uM), Me-OH, Am, ohm ™ em2 mol™: 32.16. Wefr, BM:



00. LC-MS Mass (m/z), Found: 437.1 (M+1). Anal.Cacld (%) for ZnC,5H,3N,BrOg¢: C, 56.50;

H, 05.58; N, 09.76; Zn, 11.40. Found (%): C, 56.66; H, 05.48; N, 09.84; Zn, 11.35.

LC-MS mass spectra

In their LC-MS mass spectra, all complexes showed relatively intense molecular ion peaks
(m/z) proposed to [M(L)(AcO)].nH,0.!"? The peaks corresponding to stepwise elimination of
aryl groups are interpreted in the mass spectra of the complexes (1-5). Ligand (HL) shows the
molecular ion peak at m/z 313.3 (M) corresponding to [C;3H;7N,BrO,]" and other fragmented
molecular ion peaks are found at 215.0 (M+2) [CgHsNBrO*], 181.8 (M-1) [CgH;NBr]*, 114.2
(M) [C¢Hy, NOT*, 100.2 (M) [CsH o NO]* and 57.1 (M+1) [C,H4N,]" (Fig. S1). Complex (1)
molecular ion peak at m/z 435.5 (M+1) corresponding to [C;sH;9N,BrO4Cu]” and other
fragmented molecular ion peaks are found at 374.3 (M-2) [Ci5HoN,BrO4]", 317.4 (M-4)
[C13H7N,BrO,]*, 274.4 (M-2) [CsHgBrO,Cu]*, 220.3 (M+1) [C¢H4BrCu]?>* and 157.3 (M+1)
[CeHyBr]™ (Fig. S2). Complex (2) molecular ion peak at m/z 431.2 (M+1) relevant to
[C1sHoN,BrO4Co]* and other fragmented molecular ion peaks are found at 414.2 (M-1)
[C14H1sN,BrO4]*, 371.3 (M) [Cy5H9N,BrO4]*, 343.3 (M+1) [C;sHp;N,BrO,]", 274.3 (M+1)
[CsHgO,BrCo]* (Fig. S3). Similarly Complexes (3) and (4) show that the molecular ion peaks
at m/z 427.1 (M+1) [C;sH;9N,BrO4Mn]" and 429.9 (M+1) [C;sH9N,BrO4Ni|" respectively.
Complex (5) molecular ion peak at m/z 437.1 (M+1) corresponding to [C;5H;9N,BrO4Zn]*
and other fragmented molecular ion peaks are found at 372.20 (M+1) [C;5sH9N,BrO4]", 326.6
(M-1) [C4H9N,BrO,]*, 313.3 (M+1) [C;3H¢N,BrO;]", 279.3 (M+1) [CsHgO,BrZn]" (Fig.

S4) and other peaks are followed by fragmented molecular ion of ligand (HL).
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Fig. S1 LC-MS Mass spectrum of ligand (HL).
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Fig. S3 LC-MS Mass spectrum of complex (2).
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Fig. S4 LS-MS Mass spectrum of complex (5).
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'H NMR spectra

The '"H NMR spectral studies were carried out in presence of CDCl; solvent. The
ligand (HL) and its complex (5) show the following signals in Fig. S5 and listed in table S2:
values of ligand (HL): aromatic protons (m, 3H) at 6.84 — 7.36 ppm; azomethine (-HC=N-)
proton (s, 1H) at 8.28 ppm; morpholinic-OCH, protons (t, 4H) at 3.74 ppm; morpholinic-N-
CH, (t, 4H) at 2.63 ppm; ethylene protons =N-CH,-CH,-N (t, 4H) in the range of 1-2.5 ppm;
phenolic-OH proton (s, 1H) at 13.47 ppm.? Complex (5): aromatic protons (m, 3H) at 6.86 —
7.38 ppm; azomethine proton(-HC=N-) (s, 1H) at 8.86 ppm; morpholinic-OCH, (t, 4H) at
3.75 ppm; morpholinic-N-CH, (t, 4H) at 2.98 ppm; acetate protons (CH;COO-) (s, 3H) at
2.029 ppm; The low intensity singlet peak at nearly 1.78 ppm which assign the lattice water
protons* (s, 1H). The absence of singlet peak at the range of 13 ppm in the complex (5)
indicates the loss of the —OH proton due to complexation® and other signals are not

appreciable change in the complex (5).

Complex (5)

NN, N= . nH;0
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[z2'(L)(AcO)]. nH,0 Complex

J ) \ A /1N
s s e e e e e e oo N e Y U SN VPR | S

Ligand (HL)

OH
W
\ -
Br
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Fig. S5 '"H NMR spectra of ligand (HL) and its complex (5).

Table S2 'H NMR spectral data of the ligand (HL) and its complex (5).

Compounds Ar- HC=N- Morpholino Morpholino Phenolic  Acetate = (H,O)

(in ppm) protons (s,1H) O-CH,- N-CH, -OH CH;COO- (s,1H)
(m, 3H) (t, 4H) (t, 4H) (s,1H) (s,3H)
(HL) 6.84-736  8.28 3.74 2.63 13.47 - -
Complex (5) 6.86-7.38  8.86 3.75 2.98 - 2.029 1.78
13C NMR spectrum

The BC NMR spectrum of the ligand (HL) was recorded by a Bruker Avance 111 HD
Nanobay 400 MHz spectrometer operating in Fourier transform mode in the presence of
CDCl; at room temperature.® The following signals of ligand were demonstrated in Fig. S6.
The observed peak at 164.43 ppm was assigned iminic (azomethine) carbons. And also,
various located aromatic carbons for (Ca-OH), (Br-C=CH,,), (Br-C-CHj,;), (Ca-HC=N-),
(Ca=C-OH) and (Br-Cj,,) were found at 160.37, 134.93, 133.34, 120.11, 119.12 and 109.94
ppm respectively. The peak of morpholinic-CH,-O-CH, was found at 66.93 ppm. And also,
the observed peaks at 56.60, 56.80 ppm are attributed to morpholinic-CH,-N-CH, carbons.
The chemical shifts for =N-CH,-CH,-N and =N-CH,-CH,-N groups were also obtained at
58.87 and 53.83, 53.28 respectively. Furthermore, the strong triplet peaks for CDCI; solvent
was observed in the range of 76.75-77.38 ppm. The observed results are also put forwarded

the locations of carbons in the ligand structure.
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Fig. S6 3C NMR spectrum of ligand (HL).

Fourier Transform infrared spectra

The FTIR spectra of the complexes (1-5) were analysed the frequency changes of free
ligand (HL) during the complexation and their observed results were also summarized in
Table S3. IR spectrum of ligand (HL) exposes a strong sharp band for the azomethine (-
HC=N-) group at 1639 cm! which is shifted to lower frequencies in the complexes (1-5) due
to complexation with the central metal ion.” The peak of -OH group was found at 3653 cm™!
in the free ligand [HL] and the same peak is disappeared in the spectra of all complexes due
to deprotonation of -OH group upon complexation® and also the peak due to the presence of
phenolic C-O at 1273 cm™! in ligand (HL) is shifted to higher frequencies (1295-1308 cm™') in
complexes (1-5) indicating confirming deprotonation of the phenolic-OH on chelation®.
Morpholinic-C-N-C bands are found at 1353 cm™! in the free ligand and the bands also shifted

to lower frequencies (1330 —1342 cm™!) in complexes (1-5) due to C-N-C nitrogen coordinate

13



with the central metal ion. A broad band was identified (stretching) at 3423 — 3447 cm™! range
and another one in-plane bending weak band (rocking) was observed at 823 — 842 cm! range
in the spectra of all complexes which suggest the presence of lattice water molecules in the
metal complexes (1-5)!°. In the spectra of complexes (1-5), there are found two bands for
carboxylate of the acetate group which absorbs strongly in the range of 1646 — 1655 cm™!
(Yasymmetry) and more weakly at 1388 — 1392 cm™ (Ysymmeny) range. It further suggest that they
are involved in unidentate coordination with the metal ion because of the difference values
between asymmetry and symmetry stretching frequencies were greater than 200 cm! ', In the
far IR spectra of the complexes (1-5), the medium bands were found in the region 452 — 465
cm! and 517 — 544 cm! which are corresponding to M-N and M-O vibrations respectively
and other absorption bands have no appreciable changes in the free ligand and its complexes

(1-5) (Table S3 and Fig. 7).

Table S3 Infrared spectral data of the ligand (HL) and its complexes (1-5).

Com Phen-  Morp- Morp- C-H Acetate

pounds HC=N C-O0 CN-C C-0-C —Ar Al Immic . CH;COO 1;11}-1051 M-N M-O
(cm™) C-H C-H H-C=N- 2

(HL) 1639 1273 1353 1111998(5158)) 2978 2939 2860 Tk N ——
(1) 1627 1295 1338 1111998(5158)) 2971 2926 2868 11635953 ((;S)) 8?(‘)2(36) 457 544
2) 1631 1306 1336 llll;g(gss)) 2972 2923 2852 11634?63((;3) ;2494(1’) 458 521
3) 1626 1303 1342 1111713(2)) 2975 2925 2858 11633; ((;S)) ;2433(%) 452 517
(4) 1623 1306 1330 111191;1(512)) 2973 2924 2860 11634963 ((;)) ;;03(%) 456 534
(5) 1622 1308 1332 llll;g(gss)) 2968 2939 2861 1163588((22) 323(%) 465 542

s — symmetry, as — asymmetry, b —in-plane bending (rocking), Phen-C-O — Phenolic C-O, Morp-C-N-C — Morpholinic C-N-C,
Morp-C-O-C — Morpholinic C-O-C, Ar-C-H — Aromatic C-H, Ali-C-H — Aliphatic C-H, Ph-OH — Phenolic OH.

14
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Fig. S7 FT-IR spectra of ligand (HL) and its complexes (1-5).
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Electronic absorption spectra and Magnetic susceptibility

Ligand (HL) and its complexes (1-5) were recorded in methanol by electronic absorption
spectrophotometer. The absorption maxima and magnetic moment values are depicted in
Table S4. The free ligand (HL) displayed three absorption bands at 382 nm (26,178 cm!) and
297 nm (33,670 cm!), 267 nm (37,453 cm!) which are assigned n—n* and n—n* transitions
respectively due to the azomethine chromophore and phenyl ring!>2. The bands in the
complexes (1-5) are shifted to a higher wavelength due to the donation of lone pair electron in
a sp?-hybridized orbital of the imino nitrogen atom of the ligand (HL) to the metal centre. In
general, Copper(Il) complexes show only one broad band in the visible region. However, It is
difficult to resolve it into three bands which is due to the fact that the four d-orbitals, d,?, dy,
dy, and dy, lie close together!3. The present copper complex (1) has exhibited two d—d bands,
in which one broad band centered at 643 nm (15,552 cm!), which can be assigned to the
B,—?B,, transitions due to John-Teller distortion and another one found at 405 nm (24,691
cm™!) which can be assigned to 2B;,—?E, transition and also another two bands appeared in
the region of 357 nm (28,011 cm™), 283 (35,335) which are indicaed to intra-ligand charge
transfer and n—mn* transitions respectively. Ray-Sen (1948) and Condon-Shortley (1951)
suggested that Cu(Il) square planar and tetrahedral configurations must have magnetic
moments nearly about 1.73 B.M and 2.2 B.M respectively.'* The observed magnetic
susceptibility value () of the complex (1) was 1.85 B.M which is slightly higher than the
spin-only value (1.73 B.M) for one unpaired electron!>!7 and complex (1) has not revealed
any d—d electronic absorption bands in the region of 1000—1200 nm.'®!° it is also a strong
evidence for square planar geometry. Furthermore, the structures of four-coordinated Cu(I)
and Cu(Il) species may occur intermediate state between square planar and tetrahedral

geometries in some cases. It also attributes that the oxidation state plays a leading role in the

16



geometry formed d'° Cu(I) complexes which favors to four-coordinated tetrahedral
geometries due to the lack of ligand field stabilization energy and d° copper(I) configuration
prefers to four-coordinated square planar geometries. However, the splitting is strong
evidence of the stereochemical unequivalency of aromatic and azomethine groups in the
present complex (1), which suggests that both exhibits square planar geometry distorted
towards tetrahedral.?? Complex (2) reveals two absorption d—d bands at 664 nm (15,060 cm™")
and 466 nm (21,459 cm') which are assigned to %A,, — *Tix(F) and *A,; — 4T 4(P)
transitions respectively and another two bands 351nm (28,490 cm™'), 282 nm (35,461 cm)
are due to the intra-ligand charge transfer and n—n* transitions. The ¢ value of the complex
(2) was observed at 4.22 B.M which was higher than spin-only moment value (3.88 B.M) due
to mixing of the ground state with a comparatively low lying excited state. The magnetic
moment result and the blue colour of the cobalt(Il) complex are strongly recommended to
tetrahedral geometry.?!-22 The absorption spectrum of the complex (4) shows two d-d bands at
691nm (14,471 cm™!) and 492 (20,325 cm!) which are assigned as 'A;4(D) — By, (G) and
'A14(D) — Ay, (G) transitions and other two bands 382 (26,178 cm!), 273 (36,630 cm'!) are
due to the intra-ligand charge and n—n* transfer transitions respectively and also the complex
(4) is diamagnetic behaviour due to the effective magnetic moment value (peg) is zero BM.23
24 which is strongly proposed that Nickel(II) complex has attained square planar geometry
due to stronger stabilization coordination sphere as compared to copper complex(1).%
Complexes (3) and (5) have no absorption bands in the visible domain which is in good
agreement with the electronic structure of the central metallic ion with d> and d'° electronic
configurations respectively. The prediction of geometry of these complexes by crystal field
theory is difficult task due to absence of d-d transitions. In addition, two absorption bands at
396 nm (25,252 cm!), 380 nm (26,315 cm!) for INCT transitions and 272 nm (36,764 cm!)

for m—n* transitions were observed in the complex (3) and also the observed effective
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magnetic moment value ([egr) was 1.77 B.M which is highly recommended to square planar
geometry.?%?’. Complex (5) showed two absorption bands at 378 nm (26,455 cm!), 355 nm
(28,169 cm!) for INCT transitions and 243 nm (41,152 cm!) for n—n* transitions and there
is no ligand field stabilization effect in Zn?" ions because of its complete d shell and
diamagnetic behaviour. The results are proposed that complex (5) possess tetrahedral

geometry around the central metal(II) ion.?® (Table.S4 and Fig.S8).

Table S4 Electronic spectral data and magnetic susceptibility values of the
synthesized compounds.

Compounds xijfii?;fg_l]) Assignment (}; elgl) Geometry
382 (26,178) n—n"
(HL) 297 (33,670) T—T -- --

267 (37,453) nT—T"
643 (15,552) 2B]g — 2B2g

1) 405 (24,691) B, — 2E, 185 Distorted
357 (28,011) INCT ' Square planar
283 (35,335) nT—T"
664 (15,060) jAzg — jTl o(F)

) gg? 8;33(9)% Az I;C?g(l)) 422  Tetrahedral
282 (35,461) n—T"
396 (25,252) INCT

3) 380 (26,315) INCT 1.77  Square planar
272 (36,764) T
691 (14,471) 1A1g(D) — 1331g (G)

4) ggg gg’%g Arg(D) H?C’EA 2 (©) DM  Square planar
273 (36,630) T
378 (26,455) INCT

(5 355 (28,169) INCT DM Tetrahedral
243 (41,152) T—T

INCT— Inraligand charge transfer, p.; — Effective magnetic moment, B.M— Bohr magnetons,
DM —diamagnetic nature.
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Fig. S8 Electronic spectra of ligand (HL) and its complexes (1-5).

EPR spectra
The solid state EPR spectra of copper complex (1) was recorded in the X-band region

at liquid nitrogen temperature (77 K) under 9.10 GHz microwave field modulation using
tetracyanoethylene (g, = 2.00277). Figure S9 shows the EPR spectrum of complex (1) and the
data are summarized in Table S5. The complex (1) is exhibited anisotropic pattern with well-
resolved hyperfine lines at 77 K. The spin hamiltonian parameters were calculated by

Kivelson’s method.? In the distorted square planar complexes, if the unpaired electron lies in

the d><2-y2 orbital (?B,,) as the ground state it leads to the following order g,> g, > g.. If the
unpaired electron lies in the dz? orbital (?A,,) as the ground state, it attains the order g, > g >
g.. The observed g-values are found in the following order g, (2.24) > g, (2.03) > g
(2.00277). 1t further confirms the covalent character of the M-L bond due to g; values are less
than 2.3 3% and the observed g (1.42) value from the equation (4) was further supportive due

to it is less than 2.00277.3! The measured hyperfine constant parameters were in the
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consequent order A (165 G) > A,, (78.33 G) > A, (35 G) It is clear that the EPR parameters
of the complex (1) agree with the related system which suggests that the complex has square
planar geometry with axially symmetrical.’> The values were obtained from the following
equations (1-6). The observed geometric parameter value of G (7.55) was greater than 4
suggesting that there is no interaction between Cu-Cu centers in the solid state complex (1)
and the absence of half field signal at 1600G corresponding to the AMs = + 2 transition rules
out a Cu-Cu interaction.?>3* The values of molecular orbital coefficient parameters o2, ? and
v?> were measured from Kivelson and Neimann formulae (7-9). In-plane c-bonding parameter
a> = 1.0 indicates the pure ionic character. Whereas, o?> = 0.5 indicates the pure covalent
bonding. The obtained value of a? was 0.74 which indicates that the complex has covalent
character and also the observed B2 = 0.76 (in-plane m-bonding) and y?> = 0.41 (out-plane 7-
bonding) values were less than 1.0 which attributes that n-bonding is completely covalent
character.’ According to Hathaway and Tomlinson concept,’® 37 if the orbital reduction
factors K| and K, are equal, it shows the pure c-bonding. In general, if the value of K| is less
than K, it represents in-plane n-bonding and if the K| value is greater than K it also assigns
out-of-plane n—bonding. However, the observed value of K| (0.56) was greater than K, (0.30)
for the complex (1), which indicates the presence of out-plane n-bonding in metal ligand n—
bonding and the values are also calculated from the equations (10-11). The Co-factor value of
degree of geometrical distortion (fj = 135.80 cm!') was measured from equations (12).3% ¥
the result strongly attributes the square planar geometry around the Cu(Il) ion. And also,
Fermi contact hyperfine interaction term (Kgmi = 0.29) value was calculated from the
equations (13-15) with help of dipolar term (P) (Table S4) which is further supportive to
measure the polarization produced by the uneven distribution of d-electron density on the
inner core s-electron. The hyperfine interaction value K >1 denotes ionic environment and K

< 1 also assigns covalent environment, the observed value of K (0.39) was less than 1.0 which
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designates the greater covalent character. The obtained all results propose that complex (1)

has distorted square planar geometry which good agree with electronic absorption results.

Fig. S9. The EPR spectra of complex (1) at liquid nitrogen temperature (77 K).

Table S5 The spin Hamiltonian parameters of complex (1) at 77K.

g tensor Hyperfine constant x 104 (cm™)
gi 9. Gav _ Zefr Ay A A
2.24 2.03 2.08 1.42 165 35 78.33

Complex (1) Bonding Parameters

G fj(em!) o2 B2 Y2 Ki K% K Kfemi  Mefr
7.55 135.80 0.74 0.76 041 056 030 039 029 1.80
g.= 2.00277, Microwave frequency (y’) = 9.114 x 10%cycle/sec, 1G = 10* cm!, Eq_q- 15,552 cm™!, one-

(3ga1;_ g”)
9, =———
electron spin orbit coupling constant of free Cu(Il) ion A, = - 828 cm™!; (1). * 2 ; (2).
o o Cla= Ay _ (g +29.1) (gt 9.) _ 4yt 240)
1 = 2 ( ) o = 3 ;(4)' geff_ 3 ;(5)_ av 3 ;

; (3).
(g, - 2.00277) A
= at=—

3
+ (g, - 2.00277) + ;(gL -2.00277) +0.04

(8).
E E
B2 = (g~ 200277)(— =) yP=(g, - 2.00277)(——")
IEAO! o,
K2 = (g, -2.00277)(—=2%) K2 =(g, -2.00277)(—%
e -84 (qny. =240, (12). Fi= 90 /A 13).
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(K% + 2K?%) A, (gg,-2:00277)
K=—1n 7t +

fermi =

2 2 . .
3 ; (14). PB B ; (15). Free ion dipolar term
1
— -3 _ /2

P=2Yc, BBy (V) = 0,036 emt; (16). Herr = 9av S+ D171 " 1 85 B.M, Magnetic
susceptibility (Her); Ycu = magnetic moment value for copper, By = Bohr Magneton, By = Nuclear
Magneton, y = the distance from the central nucleus to the electron; Molecular orbital coefficient parameters
a2, B2 and y?, Co-factor (f)) value of degree of geometrical distortion; Ionic environment (K, Kermi).

Thermogravimetric analysis (TGA)

TGA 1is an efficient and essential dynamic technique to assess the quantitative of weight
changes with respect to temperature and to explore the thermal stability and composition of
complexes? and also it is very supportive for investigating the probability of attachment of
solvent molecules (H,O) towards the central atom as a crystal or in a coordinate form / lattice
form. Thermogram of the complexes (1-5) has been recorded in the temperature range from
40 °C to 750 °C (Fig. S10 & 11). The stages of decomposition, temperature range,
decomposition products, the observed mass loss and calculated mass loss percentages of
complexes (1-5) are summarized in Table S6. Complexes (1-5) were thermally decomposed in
three steps. In the first step endothermic process, the observed weight losses of decomposition
of [M(L)AcO].nH,0O complexes (1-5) were found as follows 04.12 % (03.97 %) (1), 14.30 %
(14.33 %) (2), 15.04 % (14.45 %) (3), 14.85 % (14.34 %) (4) and 8.05 % (07.61 %) at 120,
103, 98, 98 and 120 °C respectively which corresponds to the loss of hydrated lattice water
molecules.*!> 4> The observed weight losses in the second degradation stages were declared
that the 31.20 % (31.14 %) (1), 28.10 % (28.07 %) (2), 28.36 % (28.30 %) (3), 28.12 %
(28.09 %) (4) and 29.86 % (29.83 %) (5) for the elimination of the morpholine (C;H3N,0)
moiety in the temperature range of 120420 °C. The obtained weight losses in the third
degradation stage were indicated that the 47.22 % (47.27 %) (1), 42.70 % (42.61 %) (2),
43.05 % (42.95 %) (3), 42.74 % (42.63 %) (4) and 45.35 % (45.28 %) (5) for removal of the

acetate (C,H;0,) and aromatic (C¢H3;Br) moieties in the temperature range of 420-750 °C.
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The final percentage of remaining products was found 17.60 % (17.55 %) (1), 15.06 (14.87)
(2), 14.88 (14.24) (3), 15.02 (14.88) (4) and 17.82 (17.21) (5) in this complexes (1-5)
respectively which disclose the formation of MO residue.* The overall thermal degradation
steps of complexes (1-5) are possible as in the following flow chart. Based on the above

results, the proposed structures of complexes (1-5) have been shown in Scheme 1.

[M“(L)_AcO].nHZO

Step-l 1) hH,0 n=(1-9)
40-120 °C
A4
IM"(L)ACO] (L=C/3H 7N, BrO,)

Step-II
120-420 °C| |- C7H13N20

A4
[MY(172L)AcO]

Step-111| [-C,H;0,
420-750 °( |-C¢H;3Br

\

MO (Metal oxide)
IM=Cu(l), Co(2), Mn(3),Ni(4), Zn(5)]
Fig. S10. The various stages for thermal
decomposition of metal complexes (1-5) at
temperature range of 40 -750 °C.
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Fig. S11. TG plots of complexes (1-5) recorded under nitrogen
atmosphere between the temperature range 40 and 750 °C at a
heating rate of 20 °C/min.

Table S6 Thermal analysis of complexes (1-5) by TGA method.

- -
Complexes M.W Step T:;?ll;eergt(l:l; ¢ [ﬁ)xglfch;li?ls)s] Assignment
I 40-120 04.12 (03.97) H,0
(1) [Cu(L) AcOL.H,0 11 120420 31.20 (31.14) C;H3N,0
(C15H,N,BrOs)Cu 452.75 11 420-750 47.22 (47.27) %21;3?32’
613Dr
Residue >750 17.60 (17.55) CuO
I 40-103 14.30 (14.33) 4H,0
(2) [Co'(L) AcO]4H,0 11 120-420 28.10 (28.07) C;H5N,0
(C1sHasN,BrOg)Co 0214y 920750 427004261 GO
613Dr
Residue >750 15.06 (14.87) CoO
I 40-98 15.04 (14.45) 4H,0
(3)[Mnl'(L) AcO].4H,0 11 120420 28.36 (28.30) C;H3N,0
(C15H2sN,BrOs)Mn 498.15 11 420-750 43.05 (42.95) %21;3?32’
613Dr
Residue >750 14.88 (14.24) MnO
: I 40-98 14.85 (14.34) 4H,0
(4)(5151;(2];1)\&;00]8';‘1\%20 501.91 I 120420  28.12(28.09)  CyH;N2O
111 420-750 42.74 (42.63) C,H;0,,
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C6H3BI'

Residue >750 15.02 (14.88) NiO
I 40-110 8.05 (07.61) 2H,0
(5) [Zn'(L) AcO] 2H,0 11 120-420 29.86 (29.83)  C;H;3N,O
(C15H23N,BrOg)Zn 472.58 11 420-750 45.35 (45.28) CatlsOs,
C6H3BI‘
Residue >750 17.82 (17.21) ZnO
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Tables:

Table S7 Relative specific viscosity Vs [Complex] / [DNA].
Binding ratio (R) = [Complex] / [DNA]
Compounds 0.2 0.4 0.6 0.8 1.0
Relative specific viscosity (17/179)'3
EB (Control)  1.01 1.35 1.63 1.82 1.99
Complex (1) 0.94 1.18 1.32 1.45 1.71
Complex (2) 0.86 0.97 1.05 1.12 1.64
Complex (3) 0.71 0.74 0.82 0.88 1.21
Complex (4) 0.78 0.85 0.92 1.02 1.32
Complex (5) 0.83 0.88 0.95 1.05 1.25
Ligand (HL) 0.70 0.76 0.86 0.96 1.10
n => Specific viscosity of DNA in the presence complex,
no = Specific viscosity of DNA alone
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Table S8a ICs, values of DPPH radical scavenging assay at 517 nm.

[Complex] % Inhibition (IC50)
uM (1) (2) 3) 4) (5) (HL) Ascorbic acid
40 1846 1527 11.12 1236 10.34 10.11 41.63
80 31.89 3190 2095 23.09 18.28 17.42 53.74
120 36.58 47.80 2477 30.22 26.73 28.64 58.95
160 5236 53.60 3493 3833 40.21 36.52 70.86
200 6545 64.16 45.11 50.43 5243 40.33 82.75
240 74.89 70.11 53.52 55.63 61.15 50.64 82.75

Table S8b ICs, values of Hydroxyl radical scavenging assay at 230 nm.

[Complex] % Inhibition (ICs)
uM () ) 4 (5 (HL) Ascorbicacid
40 08.28 07.82 06.74 08.17 08.05  07.95 20.73
80 16.57 15.63 14.66 15.78 16.10  15.03 36.46
120 33.44 3125 30.19 32.82 3253  29.87 47.87
160 39.18 38.36 36.76 38.82 3745 3574 59.65
200 47.16 4573 4473 46.76 45.86  43.52 65.64
240 56.07 55.66 52.21 55.40 54.60 51.78 78.83
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Table S8c ICs, values of Superoxide scavenging assay at 590 nm.

[Complex] % Inhibition (ICsg)
uM O @ (3) 4) (5) (HL) Ascorbic acid
40 0542 04.03 07.15 0429 0631 05.51 29.64
80 16.30 13.00 11.51 14.58 12.30 12.18 41.72
120 33.22 26.50 19.63 24.06 2228 2045 55.63
160 49.23 4480 29.31 4142 31.77 34.73 66.75
200 61.68 5827 39.29 5253 43.18 41.13 72.55
240 71.60 65.34 53.84 60.57 55.53 50.62 84.85

Table S8d 1C;, values of Nitric oxide scavenging assay at 546 nm.

[Complex] % Inhibition (ICs)
uM (1) (2) (3) (4) (5) (HL)  Ascorbic acid
40 1428 12.78 10.84 15.35 12.63 10.72 28.55
80 22.59 2093 16.63 19.77 1724 15.56 35.75
120 2930 27.65 1942 2581 21.87 18.55 43.65
160 3525 3442 2943 3575 37.78  28.73 52.68
200 4355 40.83 39.86 42.88 41.76  39.38 63.72
240 64.16 5854 5198 56.53 5235 50.20 72.73
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Table S8e ICs, values of Ferric reducing power scavenging assay at 700 nm.

[Complex] % Inhibition (ICs)
uM O C) 4) (5) (HL) Ascorbic acid
40 11.24 10.64 09.74 11.02 10.75 10.34 22.68
80 21.63 19.54 1423 18.66 14.65 13.45 37.64
120 33.17 2644 2293 2588 26.81 22.56 51.64
160 4299 38.62 31.56 3642 356 31.28 68.75

200 55.12 5134 4536 50.88 45.84 44.62 79.45
240 66.67 61.76 5548 58.53 56.43 54.29 88.67

Figures:
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Fig. S12. Linear plots of {{[DNA]/ (g, - €7} versus [DNA] M by Wolfe-
Shimmer method and [(A., - Ag) / (Ax - Ag)] versus {1 / [DNA]} M-! by
Benesi-Hildebrand method for the estimation of the intrinsic DNA
binding constants (K).
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2.0
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Fig. S14 Stern-Volmer linear plots of Fy/ F vs [Q] (Method-I), Fy/

F vs [Q] (Mehod-II) and Lineweaver-Burk linear plot of 1/ (Fo—F)

vs 1/ [Q] for the quenching of fluorescence of ethidium bromide

(EB)-DNA complex caused by ligand (HL) and complexes (1-5).
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Fig. S15 Cyclic voltammograms of complexes (1-5) (a-e) in Tris-HCI buffer pH = 7.2
at 25 °C in presence of increasing amount of DNA and arrow indicates the changes in
peak current and potentials at scan rate 100 mvs'!. Inset: The calculated binding
constant (Kp) from linear plot of Ip? vs (I,> — 1,?) / [DNA] by Method-I and the linear
plots for all complexes of C, / C; vs [DNA] by Method-II.
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Fig. S16 Frontier molecular orbitals (HOMO and LUMO) of ligand (HL) and its
complexes (1-5) from DFT calculations.
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Fig. S17 Key interactions in the active site of ligand (HL) and its complexes (1-5)
bound BSA protein obtained from molecular docking studies. (For clarity, the
hydrogen atoms are omitted and hydrogen bonding is indicated by dotted line)
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Fig. S18 Histogram showing the comparative antimicrobial activities of
ligand (HL) and its complexes (1-5) by Agar disc diffusion method.
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Fig. S19 Antibacterial and antifungal activities of ligand (HL) and its
complexes (1-5) by Agar disc diffusion method, plates (A-J) well no:
C-Control (DMSO solvent), 1. Ligand (HL), 2. Complex (1), 3.
Complex (2), 4. Complex (3), 5. Complex (4) and 6. Complex (5).
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Fig. S20 The comparison of cytotoxic effects of ligand (HL) and complexes (1-
5) with standard drug cisplatin against axenic cancer and normal cell lines.
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