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A new chromium(III) complex, [CrCl(naph-gly)phen]⋅H2O, with a Schiff base derived from
2-hydroxy-1-naphthaldehyde and glycine and with 1,10-phenanthroline as a co-ligand has been syn-
thesized and characterized by IR and single-crystal X-ray diffraction. The interactions of the com-
plex with DNA and BSA have been investigated by UV absorption, fluorescence, and CD spectra.

A new chromium(III) complex, [CrCl(naph-gly)phen]⋅H2O (naph-gly = Schiff base derived from
2-hydroxy-1-naphthaldehyde and glycine, phen = 1,10-phenanthroline), has been synthesized
and characterized by elemental analysis, electrospray ionization mass spectroscopy, FT-IR, and
X-ray single-crystal diffraction. The chromium(III) complex belongs to the trigonal crystal system,
P3(1) space group with crystallographic data: a = b = 1.97017(16) nm, c = 1.02991(7) nm,
α = β = 90°, γ =120°, V = 3.4621(5) nm3, Dc = 1.476 g⋅cm−3, Z = 6, F(0 0 0) = 1578, R1 = 0.0508,
wR2 = 0.0907. There are two independent molecules in the crystallographic asymmetric unit of the
chromium(III) complex. Each CrIII is six-coordinate to form an octahedral geometry. In the crystal, a
3-D structure is formed through intermolecular hydrogen bonds. The calf thymus DNA (CT-DNA)-
and bovine serum albumin (BSA)-binding properties of the complex have been studied by UV
absorption, fluorescence, and circular dichroism (CD) spectroscopy. Results indicate that the
chromium(III) complex binds to CT-DNA in an intercalative mode, and it can bind to BSA and
cause conformational changes of BSA.
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1. Introduction

Schiff bases have played an important role in the development of coordination chemistry
because they can form stable complexes with the overwhelming majority of transition met-
als. Furthermore, amino acid Schiff base complexes of transition metal have been attracting
attention because of their importance in different fields, such as medicinal chemistry [1–4].
Chromium was proposed to be an essential trace element over 50 years ago and has been
accepted as an essential element for 30 years. However, recent research has shown that
chromium is probably not an essential element, but it has pharmacological effects at high
doses, affecting carbohydrate and lipid metabolism in rodent models of insulin sensitivity
[5]. The mechanism of the pharmacological effects of chromium(III) is still an area
requiring continued research.

Chromium(III) chloride can bring about DNA crosslinking. Ligands play a vital role in
the biological activity of trivalent chromium. Chromium(III) picolinate causes chromosomal
damage [6]; chromium(III) Schiff base complexes exhibit nuclease activity [7]. Several
studies of the binding of Cr(III) Schiff bases to both DNA and albumin have been studied
by Nair’s group. Chromium(III) complexes, such as [Cr(DPPZ)2Cl2], a planar bidentate
ligand with an extended aromatic system, and a Schiff base complex, [Cr(naphen)(H2O)2]

+,
bind strongly to CT-DNA in an intercalative mode [8, 9]. The chromium(III) complex also
brought about protein crosslink formation [10]. However, few Cr(III) amino acid Schiff
base complexes have been synthesized [11]. Understanding of the interactions between
amino acid Schiff base Cr(III) complexes and DNA as well as bovine serum albumin
(BSA) are still lacking. In our previous work, we have synthesized and structurally charac-
terized several amino acid Schiff base complexes [12–16]. To continue our research in this
project, herein, a new Cr(III) complex containing a Schiff base ligand derived from L-gly-
cine and 2-hydroxy-1-naphthaldehyde with 1,10-phenanthroline as a co-ligand has been
synthesized and characterized. Further, the DNA-binding and BSA-binding properties of
the complex have been studied by UV, fluorescence, and circular dichroism (CD) spectros-
copy. Results will be helpful to understand the binding of such Cr(III) complexes to DNA
and BSA, and useful for exploring new anticancer agents and antidiabetic agents,
biomolecular modification, and detection.

2. Experimental

2.1. Materials

2-Hydroxy-1-naphthaldehyde was purchased from Fluka and glycine was obtained from
Beijing Jingke Company. calf thymus DNA (CT-DNA) and BSA were purchased from the
Sino-American Biotechnology Company (China). Ethidium bromide (EB) was purchased
from Sigma (USA). All other chemicals were AR grade and used without purification. Solu-
tions of CT-DNA in 10 mM L−1 Tris–HCl/10 mM L−1 NaCl (pH 7.1) buffer gave a ratio of
UV absorbance at 260 and 280 nm (A260/A280) of 1.8–1.9, indicating that the DNA was suf-
ficiently free of protein [17]. The CT-DNA concentration per nucleotide was determined by
absorption spectroscopy using the molar absorption coefficient (6600 (M L−1)−1 cm−1) at
260 nm [18]. The BSA stock solution (20 mM L−1 based on its molecular mass of
66,000 Da) in 10 mM L−1 Tris–HCl/10 mM L−1 NaCl (pH 7.1) buffer was stored in the
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dark prior to use. The solutions of EB and the chromium(III) complex were prepared by
10 mM L−1 Tris–HCl/10 mM L−1 NaCl buffer and their concentrations were calculated by
the ratio of mass to their molecular weight.

2.2. Synthesis of CrCl(naph-gly)phen

Glycine (0.15 g, 2.0 mM) and potassium hydroxide (0.11 g, 2.0 mM) were dissolved in
absolute methanol (15 mL) and added successively to a methanol solution (5.0 mL) of
2-hydroxy-1-naphthaldehyde (0.34 g, 2.0 mM). The mixture was then stirred at 55 °C for
2 h. Subsequently, a methanol solution (3.0 mL) of chromium chloride hexahydrate (0.53 g,
2.0 mM) was added dropwise and stirred for 3.0 h. A methanol solution (5.0 mL) of
1,10-phenanthroline (0.40 g, 2.0 mM) was added dropwise and stirred for another 5.0 h.
The resultant solution was filtered and held at room temperature for 3 days, whereupon red
blocky single crystals suitable for X-ray diffraction analysis were obtained. Yield: 63%.
Anal. Calcd for C25H19ClCrN3O4 (%): C, 58.55; H, 3.73; N, 8.19. Found (%): C, 58.51; H,
3.75; N, 8.15. IR (KBr, ν/cm−1; s, strong absorption; m, middle absorption; w, weak absorp-
tion) cm−1: 3418 (m), 1617 (s), 1601 (s), 1575 (m), 1539 (m), 1520 (m), 1457 (w), 1424
(m), 1380 (m), 1340 (m), 1306 (w), 1251 (w), 1188 (w), 1144 (w), 1107 (w), 967 (w), 875
(w), 850 (w), 741 (w), 722 (m), 654 (w), 578 (w), 529 (w), 499 (w), 433 (w).

2.3. Physical measurements

Elemental analyses for C, H, and N were performed on a Perkin–Elmer 2400 II analyzer.
Infrared spectrum was obtained with a KBr pellet on a Nicolet 5700 FT-IR from 4000 to
400 cm–1. Electrospray ionization mass spectroscopic (ESI-MS) analyses are performed
with a Thermo Finnigan LCQ-DECA mass spectrometer, and the mass spectra are obtained
in the positive mode. UV–visible absorption spectra were recorded on a Hewlett-Packard
HP-8453A Diode Array spectrophotometer. Fluorescence spectra were recorded on an LS55
spectrofluorometer. CD spectral measurements were measured on a Jasco J-810 spectropo-
larimeter.

2.4. X-ray crystallographic analysis

A single crystal of the complex with dimensions 0.28 mm × 0.14 mm × 0.12 mm was
mounted in a glass capillary and data were collected on a Bruker Smart-1000 CCD diffrac-
tometer. Intensity data were collected with graphite monochromated Mo Kα radiation
(λ = 0.071073 nm) at 298(2) K in the range of 2.31° < θ < 25.01° with the ω-scan tech-
nique. A semi-empirical absorption correction was applied using SADABS [19] to all the
data. The structure was solved by direct methods using SHELXLS-97 and refined against
F2 by full-matrix least squares using SHELXL-97 [20, 21]. The hydrogens of water mole-
cules were found in difference Fourier maps and the O–H distances standardized to 0.85 Å.
The organic hydrogens were generated geometrically and allowed to refine using a riding
model. A summary of pertinent crystal data, experimental details, and refinement results are
shown in table 1.

1042 H. Liu et al.
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2.5. DNA-binding experiments

All the DNA-binding experiments were carried out in 10 mM L−1 Tris–HCl/10 mM L−1

NaCl, pH 7.1 buffer solution. The UV–visible absorption spectra of complex binding to
CT-DNA were performed by increasing amounts of DNA to complex in buffer solution.
The mixed solutions were incubated for 2 h before the absorption spectra were recorded.

The fluorescence spectra were carried out by adding the complex to EB-bound CT-DNA
solutions after they had been incubated for 2 h at room temperature. The emission spectra
were recorded from 540 to 680 nm at an excitation wavelength of 258 nm with slit width
of 5 nm for both excitation and emission.

The CD spectra of DNA incubated with the complex were obtained using 1 cm path
length quartz cells at wavelengths between 220 and 320 nm. The changes in CD spectra
were monitored against the corresponding blanks. Each CD spectrum was reported as the
average of three scans using a scan speed of 100 nm min−1 and a 1 s response time.

2.6. BSA-binding experiments

All the BSA-binding experiments were carried out in 10 mM L−1 Tris–HCl/10 mM L−1

NaCl, pH 7.1 buffer solutions. The electronic absorption spectra of BSA (5 × 10–7 M L−1)
titrated by the complex were recorded from 200 to 300 nm using a 1 cm quartz cell. Buffer
or solutions of the corresponding concentrations for complex were placed in the reference.

The fluorescence emission spectra of BSA with increase in the concentrations of the com-
plex were recorded at 298 K from 300 to 460 nm under an excitation wavelength of

Table 1. Crystallographic and structure refinement data for the complex.

Empirical formula C25H19ClCrN3O4

Formula weight 512.88
Temperature (K) 298(2)
Wavelength (Å) 0.71073
Crystal system, space group Trigonal, P3(1)
Unit cell dimensions
a = b (Å) 19.7017(16)
c (Å) 10.2991(7)
α = β (°) 90
γ (°) 120
Volume (Å3) 3462.1(5)
Z, Calculated density (Mg m−3) 6, 1.476
Absorption coefficient (mm−1) 0.649
F(0 0 0) 1578
Crystal size (mm) 0.28 × 0.14 × 0.12
θ Range for data collection (°) 2.31–25.01
Completeness to theta = 25.01 (%) 100.0
Limiting indices −22, 23; −21, 23; −6, 12
Reflections collected/unique 17,786/6208
R(int) 0.0821
Data/restraints/parameters 6208/2090/613
Goodness-of-fit on F2 0.985
Final R indices [I > 2σ(I)] R1 = 0.0508, wR2 = 0.0831
R indices (all data) R1 = 0.0916, wR2 = 0.0907
Absolute structure parameter −0.02(2)
Largest difference in peak and hole (e Å−3) 0.489 and −0.366

Chromium(III) Schiff base complex 1043
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295 nm, with a scan rate of 200 nm min−1. The slit widths were set to 7 nm for both
excitation and emission.

CD spectra of BSA in the absence and presence of the complex were recorded from 200
to 250 nm at room temperature with a quartz cell of 0.1 cm path length under constant
nitrogen flush. Each spectrum was the average of three accumulations at a scan rate of
100 nm min−1 and a response time of 1 s. The corresponding absorbance contributions of
buffer and the complex solutions were recorded and subtracted with the same instrumental
parameters.

3. Results and discussion

3.1. IR spectra and ESI-MS

In IR spectra of the complex, the sharp absorption at 1638 cm–1 can be assigned to the
imine group (C=N) stretching frequency of the coordinated Schiff base ligands in the com-
plex. The absorptions at 1541 and 1340 cm−1 for the complex are attributed to asymmet-
ric and symmetric stretching vibration of CO2

−, respectively. The frequency separation (Δν)
is greater than 200 cm–1, which reflects the coordination modes of carboxyl group,
suggesting a unidentate bonding nature for the carboxylate ligation [22]. The νC−O (pheno-
lic) stretching frequency was observed at 1251 cm−1 in the complex, indicating bonding
through phenolic oxygen [23]. The complex also showed weak intensity bands at 529, 499,
and 433 cm−1, which could be attributed to Cr–N, Cr–O, and Cr–Cl absorptions,
respectively.

The positive ion ESI-MS of the chromium(III) complex [CrCl(naph-gly)phen]⋅H2O
showed three distinct peaks because of the formation of different ions, m/z = 935.03 {[Cr
(naph-gly)phen](OH)[Cr(naph-gly)phen]}+, 498.64 {[Cr(OH)(naph-gly)phen] + Na}+, and
264.56 {[Cr(Cl)(naph-gly)phen] + 2NH4}

2+. In addition, there are some smaller peaks
because of the formation of other ions. The result showed that the coordinated Cl− is
replaced by OH−, and in addition to monomeric ion, there exist dimeric ions in solution.

3.2. Description of crystal structure

The crystal structure of the complex has been determined by single-crystal X-ray
diffraction. As shown in figure 1, there are two independent molecules in an asymmetric
unit. Each Cr(III) is six-coordinate to form an octahedral geometry by one terminal chlo-
ride, two oxygens, and one nitrogen from the amino acid Schiff base, and two nitrogens of
1,10-phenanthroline. The selected bond lengths and angles around Cr(III) are given in
table 2. In molecule a, Cl1 and N2 lie in axial positions of the octahedral geometry with
the trans angle of 170.28(17)°; O1, O3, N1, and N3 are in the equatorial plane of the
octahedron. The Cr1 ion lies 0.0929(25) Å above the equatorial plane towards N2 with
Cr1–N2 = 2.069(5) Å and Cr1–Cl1 = 2.3024(18) Å. The phenanthroline coordinates to Cr1
almost vertical to the equatorial plane with the dihedral angle 89.39(12)°. In molecule b,
Cl2 and N5 occupy the axial positions of the octahedral geometry with the trans angle of
171.71(18)°. The equatorial plane of the octahedron is formed by O4, O6, N4, and N6
atoms. Cr2 is situated 0.1215(26) Å above the equatorial plane toward N5 with

1044 H. Liu et al.
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Cr2–N5 = 2.095(6) Å and Cr2–Cl2 = 2.281(2) Å. The dihedral angle formed by the
equatorial plane and the phenanthroline ligand is 86.97(14)°.

There are some important intermolecular and intramolecular hydrogen bonds in the crys-
tal. The related parameters and symmetry codes are listed in table 3. As shown in figure 2
(a), one molecule a and one molecule b formed a dimer via intramolecular hydrogen bonds
C27–H27B⋯O1, C39–H39⋯O2, and C35–H35⋯Cl1. The dimers further connected
through intermolecular hydrogen bonds C10–H10⋯Cl2c and C2–H2A⋯O4c and hydrogen
bonds involve water molecules O7–H7D⋯O2, O8–H8C⋯O5, and O8–H8D⋯O7b to form a
1-D chain structure along the c axis. These 1-D chains are arranged parallel to each other
and interacted through the hydrogen bonds C24–H24⋯O6e, C50–H50⋯O5f, and

Figure 2a. 1-D chain structure formed by the dimers.

Figure 1. ORTEP view of the molecular structure with part atom-labeling scheme of the chromium(III) complex.
(a) molecule a; (b) molecule b. O7 and O8 present two water molecules. The hydrogen atoms are omitted for
clarity.

Chromium(III) Schiff base complex 1045
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O7–H7C⋯O8a to form a hexagonal prism structure [figure 2(b)]. Finally, a 3-D structure is
formed by an intermolecular hydrogen bond C7–H7⋯O3d.

3.3. DNA-binding studies

3.3.1. UV spectroscopy. UV–visible absorption spectra are a useful method to investigate
the interaction of complexes with DNA. Monitoring the changes in absorption spectrum of
the metal complex upon addition of increasing amounts of DNA is widely used for deter-
mining overall binding constants. A complex binding to DNA through intercalation usually
results in hypochromism and bathochromism involving strong stacking interaction between
an aromatic chromophore and the base pairs of DNA [24]. The extent of hypochromism is
consistent with strength of intercalative binding interaction [25, 26]. As shown in figure 3,
there are two absorption peaks at 225 and 271 nm for the complex, which can be attributed

Figure 2b. 2-D structure formed by intermolecular hydrogen bonds.

1046 H. Liu et al.
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to intraligand π–π* transition. Upon addition of CT-DNA to the complex solution, these
intense intraligand absorption bands of the complex decrease (hypochromism, 8.4% at
225 nm and 7.5% at 271 nm), indicating an obvious binding of the complex with DNA.
The intrinsic binding constant of the complex with CT-DNA was obtained using the follow-
ing equation [27]: [DNA]/(εa− εf) = [DNA]/(εb− εf) + 1/Kb(εb− εf), where [DNA] is the
concentration of DNA in base pairs, εa is the apparent absorption coefficient, εf and εb rep-
resent the extinction coefficient for the free complex and the DNA-bound complex in the
fully bound form, respectively. The intrinsic binding constant Kb, obtained from the ratio of
the slope to the intercept in the plot of [DNA]/(εa− εf) versus [DNA] (figure 3), is
9.50 × 104 M−1 L. The binding constant value indicates that the complex binds more
strongly to DNA than [Cr(salen)(H2O2)]

+ and [Cr(phen)3]
3+, whose binding constants are of

Table 2. Selected bond lengths (Å) and angles (°) for the complex.

Cr1–O3 1.918(4) Cr1–O1 1.960(4)
Cr1–N1 1.979(5) Cr1–N3 2.113(5)
Cr1–N2 2.069(5) Cr1–Cl1 2.3024(18)
Cr2–O6 1.913(4) Cr2–O4 1.966(4)
Cr2–N4 1.974(5) Cr2–N6 2.106(6)
Cr2–N5 2.095(6) Cr2–Cl2 2.281(2)
O3–Cr1–N1 89.66(18) O3–Cr1–O1 169.89(18)
N1–Cr1–O1 82.43(19) O3–Cr1–N2 87.96(18)
N1–Cr1–N2 97.1(2) O1–Cr1–N2 86.78(18)
O3–Cr1–N3 94.01(18) N1–Cr1–N3 174.3(2)
O1–Cr1–N3 93.41(18) N2–Cr1–N3 78.6(2)
O3–Cr1–Cl1 92.23(13) N1–Cr1–Cl1 92.59(14)
O1–Cr1–Cl1 94.41(12) N2–Cr1–Cl1 170.28(17)
N3–Cr1–Cl1 91.65(16) O6–Cr2–O4 170.41(19)
O6–Cr2–N4 90.2(2) O4–Cr2–N4 82.70(19)
O6–Cr2–N6 93.0(2) O4–Cr2–N6 93.3(2)
N4–Cr2–N6 172.0(2) O6–Cr2–N5 88.87(19)
O4–Cr2–N5 78.5(2) N4–Cr2–N5 94.2(2)
N6–Cr2–N5 174.7(2) O6–Cr2–Cl2 94.01(14)
O4–Cr2–Cl2 92.85(13) N4–Cr2–Cl2 93.54(14)
N6–Cr2–Cl2 93.56(19) N5–Cr2–Cl2 171.71(18)

Table 3. Hydrogen bond lengths (Å) and angles (°) for the complex.

D–H···A d(D–H)/Å d(H⋯A)/Å d(D⋯A)/Å ∠(DHA)/°

O7–H7D⋯O2 0.85 2.00 2.838(10) 169.6
O8–H8C⋯O5 0.85 2.52 3.366(10) 172.7
C23–H23⋯Cl1 0.93 2.70 3.269(7) 120.4
C48–H48⋯Cl2 0.93 2.71 3.281(8) 120.3
C27–H27B⋯O1 0.97 2.40 3.205(8) 140.1
C35–H35⋯Cl1 0.93 2.63 3.552(7) 169.2
C39–H39⋯O2 0.93 2.44 3.262(9) 147.4
O7–H7C⋯O8a 0.85 2.18 3.023(15) 169.2
O8–H8D⋯O7b 0.85 2.24 3.083(15) 173.4
C2–H2A⋯O4c 0.97 2.53 3.314(8) 138.1
C10–H10⋯Cl2c 0.93 2.77 3.690(7) 168.4
C7–H7⋯O3d 0.93 2.39 3.250(7) 154.5
C24–H24⋯O6e 0.93 2.57 3.374(8) 145.1
C50–H50⋯O5f 0.93 2.42 3.310(10) 159.8

Notes: Symmetry codes: (a) −y + 1, x − y, z − 2/3; (b) x, y, z + 1; (c) x, y, z − 1; (d) −x + y + 1, −x + 2, z − 1/3;
(e) −x + y + 1, −x + 1, z − 1/3; (f) −y + 1, x − y, z + 1/3.

Chromium(III) Schiff base complex 1047
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the order of 103–104 M−1 L [28, 29], but it binds more weakly to DNA than [Cr
(DPPZ)2Cl2]

+ (Kb = 1.8×107 M−1 L) [8]. In [CrCl(naph-gly)phen], the mixed ligands (naph-
gly)phen possess a greater planar area than salen and phen, but a smaller planar area than
DPPZ. The greater planar ligand can penetrate more deeply and stacks more strongly with
the base pairs.

3.3.2. The fluorescence spectroscopy. Fluorescence spectroscopy has been used to inves-
tigate the interaction between the complex and DNA using EB as a probe [30]. EB emits
intense fluorescence at 600 nm in the presence of DNA due to its strong intercalation
between adjacent DNA base pairs. This enhanced fluorescence of EB-DNA can be
quenched by the addition of a second molecule [31]. This property can be used to monitor
the binding mode by the ability of a compound to prevent intercalation of EB from DNA.
As shown in figure 4, the addition of the complex to DNA pretreated with EB causes an
appreciable reduction in the fluorescence intensity, indicating that the chromium(III)
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1.0 × 10−5 M L−1, [DNA] = 0 (1), 2.0 × 10−5 (2), 4.0 × 10−5 (3), 8.0 × 10−5 (4) and 1.2 × 10−4 M L−1 (5), respec-
tively. Arrows show the spectra changing upon increase in the CT-DNA concentration.
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Figure 4. Emission spectra of EB-CT-DNA system in the absence (1) and presence of the complex (2–8), [EB] =
3.0 × 10−6 M L−1, [DNA] = 2.5 × 10−5 M L−1, r (the ratio of [Complex]/[DNA]) = 0, 0.10, 0.20, 0.32, 0.48, 0.64,
0.80, 1.00, respectively, λex = 258 nm. The arrow shows increasing complex concentration. Inset: plot of I0/I vs. r.

1048 H. Liu et al.

D
ow

nl
oa

de
d 

by
 [

M
iz

or
am

 U
ni

ve
rs

ity
] 

at
 1

4:
52

 2
8 

D
ec

em
be

r 
20

15
 



complex competes with EB to bind with DNA. The reduction of the emission intensity
gives a measure of the DNA-binding propensity of the complex and stacking interaction
between adjacent DNA base pairs [32]. The classical Stern–Volmer equation is used to
quantitatively determine the magnitude of the binding strength of the complex with CT-
DNA [33]. I0/I = 1 + Ksqr, where I0 and I represent the fluorescence intensities in the
absence and presence of the chromium(III) complex, respectively, and r is the concentration
ratio of the complex to DNA. Ksq is a linear Stern–Volmer quenching constant. As shown
in the inset of figure 4, the Stern–Volmer plot indicated positive deviation from straight line.
In general, positive deviation from linearity of Stern–Volmer plot occurs primarily when
(a) combination of static and dynamic quenching takes place and/or (b) extent of quenching
is large [34].

The apparent binding constant (Kapp) was derived from the equation: KEB[EB] =
Kapp[complex], where KEB is 1.0 × 107 M−1 L and the concentration of EB is 3 μM L−1;
[complex] is the concentration of the complex causing 50% reduction in the emission inten-
sity of EB [35]. The Kapp value is 1.82 × 105 M−1 L for the complex, less than the binding
constant of the classical intercalators and metallointercalators (107 M−1 L) [36], which sug-
gests that the interaction of the complex with DNA is moderate intercalative mode.

3.3.3. CD spectra. To further investigate the nature of the binding mode between the com-
plex and DNA, CD spectral experiment of CT-DNA with the complex was examined for its
sensitivity to the mode of DNA interactions with small molecules [37]. The B-form confor-
mation of DNA shows two CD bands in UV region, a positive band at 278 nm due to base
stacking and a negative band at 246 nm due to polynucleotide helicity [33]. The changes in
CD bands of DNA may indicate the interaction mode of DNA with small molecules.
Groove binding and electrostatic interaction of DNA with small molecules show less or no
perturbation on the base stacking and helicity bands, whereas intercalation can change the
intensities of both of the two bands, thus stabilizing the right-handed B-conformation of
DNA [38]. As shown in figure 5, upon increasing the concentration of the complex, both
positive and the negative peaks of DNA showed obvious increase in intensity with slight
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Figure 5. CD spectra of CT-DNA in the absence and presence of the complex. [DNA] = 1.0 × 10−4 M L−1,
[Complex] = 0 (1), 1.0 × 10−5 (2), 4.0 × 10−5 M L−1 (3), respectively. Arrows show the spectral changes upon
increase in complex concentration.
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blue shift of the maximum peak. The results showed that the mode of interaction between
the complex and DNA should be intercalative [39].

3.4. BSA-binding studies

3.4.1. Fluorescence spectroscopy study. BSA has a strong fluorescence emission peak at
350 nm on excitation at 295 nm. BSA has two tryptophan residues that possess intrinsic
fluorescence, Trp-134 in the first sub-domain IB of the albumin molecule and Trp-212 in
sub-domain IIA. The fluorescence emission intensity depends mainly on the degree of
exposure of the two tryptophans to polar solvents and also on the proximity of BSA to spe-
cific quenching groups [40, 41]. Fluorescence quenching can appear as a result of various
intermolecular and intramolecular interactions, including molecular collisions (dynamic
quenching), complex formation (static quenching), energy transfer, and/or conformational
changes [42]. The different mechanisms of fluorescence quenching can be classified as
either dynamic quenching or static quenching [43]. As shown in figure 6, upon addition of
the complex, the emission intensity at 348 nm of BSA decreased, revealing the changes of
the tryptophan environment of BSA [44]. Fluorescence quenching mechanism can be ana-
lyzed by the Stern–Volmer equation [45]: I0/I = 1 + Kqτ0[Q] = 1 + Ksv[Q], where I0 and I
represent the steady-state fluorescence intensities in the absence and presence of quencher,
respectively, Ksv is the Stern–Volmer fluorescence quenching constant, [Q] is the concentra-
tion of quencher, τ0 is the average bimolecular lifetime in the absence of quencher, and Kq

is the bimolecular quenching rate constant. Ksv obtained from the plot of I0/I vs [Q] (figure
6) was 8.0 × 104 M−1 L. The Stern–Volmer fluorescence quenching constant Ksv of the title
complex is greater than that of [CrCl(sal-gly)phen] (Ksv = 2.9 × 104 M−1 L) [11].

Generally speaking, for most protein molecules, τ0 is about 10−8 s [46]. So
Kq = 8.0 × 1012 L M−1 s−1 can be calculated by equation of Kq = Ksv/τ0. This Kq value is
much greater than the maximum value (2.0 × 1010 M−1 L s−1) for diffusion-controlled
quenching process of biological macromolecules [41], indicating that the dominant quench-
ing mechanism should be static rather than dynamic.
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Figure 6. Fluorescence emission spectra of BSA in the absence and presence of the complex. [BSA] =
6.0 × 10−6 M L−1, [Complex] = 0 (1), 1.0 × 10−6 (2), 2.0 × 10−6 (3), 3.0 × 10−6 (4), 4.0 × 10−6 (5) 6.0 × 10−6 (6),
8 × 10−6 M L−1 (7), respectively. λex = 295 nm; both excitation and emission slits were 7 nm.
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3.4.2. UV spectroscopic study. A simple method to explore the type of fluorescence
quenching is UV–visible absorption spectroscopy. The static quenching refers to fluoro-
phore–quencher complex formation in the ground state. In order to reconfirm the quenching
mechanism, the absorption spectra of BSA in the absence and presence of the complex
were determined. As shown in figure 7, the BSA spectrum has two main absorption peaks.
The strong absorption at 208 nm is mainly due to the π→π* transitions of the polypeptide
backbone structure C=O groups [47]. The weak absorption at 278 nm could provide infor-
mation about the three aromatic amino acids: tryptophan, tyrosine, and phenylalanine. The
absorption intensity of BSA decreases with increasing complex concentration. The spectra
of BSA in the absence and presence of this complex could not be superimposed, which also
indicated that fluorescence quenching of BSA by this complex is mainly a static quenching
procedure [48].

3.4.3. CD study. CD spectroscopy is a powerful tool to investigate the secondary structure
of a variety of biomolecular systems including proteins [49]. In order to verify the binding
of the complex to BSA, CD spectral measurements were carried out. The results were
expressed in terms of mean residue ellipticity (MRE) in deg⋅cm2 dM−1 according to equa-
tion MRE = Observed CD (mdeg)/Cp nl × 10, where n is the number of amino acid residues
(583 for BSA), Cp is the molar concentration of the protein, and l is the path length
(0.1 cm).

BSA has a high percentage of α-helical structure, which shows a characteristic strong
double minimum at 222 and 208 nm [50]. As shown in figure 8, upon addition of the com-
plex, the intensity of double-humped peaks reduced, indicating that the extent of α-helix of
BSA decreased. The α-helical content of BSA can be calculated from MRE values at
208 nm using the equation [51] α-helix(%) = [(–MRE208–4000)/(33,000–4000)] × 100,
where MRE208 is the observed MRE value at 208 nm, 33,000 is the MRE value of a pure
α-helix at 208 nm, and 4000 is the MRE of the β-form and random coil conformation cross
at 208 nm. When the molar ratio of the chromium(III) complex to BSA reached 2.0, the
content of α-helix reduced from 54.92% in free BSA to 50.88%.
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Figure 7. UV–visible spectra of BSA in the absence and presence of the complex at different concentrations.
[BSA] = 5.0 × 10−7 M L−1, [Complex] = 0 (1), 2.0 × 10−6 (2), 2.0 × 10−6 (3), 4.0 × 10−6 (4), 6.0 × 10−6 M L−1 (5).
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4. Conclusion

A new Cr(III) complex, [CrCl(naph-gly)phen]⋅H2O, has been synthesized and characterized
by elemental analysis, IR spectra, and X-ray single-crystal diffraction. The DNA-binding
and BSA-binding properties of the Cr(III) complex have been studied by UV–visible, fluo-
rescence, and CD spectra. Results indicate that the Cr(III) complex binds to CT-DNA mod-
erately in an intercalative mode and can quench the intrinsic fluorescence of BSA by static
quenching, as well as inducing a conformational change with the loss of helical stability of
the protein. This study may be useful for evaluating and understanding those factors that
determine the DNA-binding mode and BSA-binding property of chromium(III) complexes.

Supplementary material

Detailed crystallographic data for the crystal structure analysis have been deposited with the
Cambridge Crystallographic Data Center, CCDC No. 1012459. Copies of the information
may be obtained free of charge from The Director, CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK (Fax: +44 1223 336033; Email: deposit@ccdc.cam.ac.uk or www.ccdc.cam.
ac.uk).
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