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Abstract

In this research, the absorbance and luminescence response of two osmium(II)
phenathrane (phen) carbonyl complexes to various DNA, heparin and
i-carrageenan polyanions were studied. The [Os(phen),CO(L)]** complexes
with L either a 4-phenyl pyridine (4-phpy) or phenyl imidazole (phimd)
group exhibit moderate luminescent intensity in the visible region, their in-
tensities are highly altered by the addition of DNA and other polyanion sam-
ples. These luminescent responses to polyanions were also compared with the
[Ru(phen);]** complex. In ethanol solution, the presence of polyanions sig-
nificantly enhanced the luminescent emission intensity of [Os(phen),CO(L)]**
complexes with a blue shift. While the polyanions all showed emission en-
hancement on the highly luminescent [Ru(phen),]** complex in ethanol solu-
tion with a red spectra shift. The [Os(phen),CO(L)]** with (phimd) ligand
has the lowest emission in ethanol solution, its intensity can be enhanced up
to 11 times in the presence of DNA polyanions. This enhancement for all the
complexes in ethanol is mainly due to their electrostatic interaction with the
anion sites and with some degree of ligand intercalation into the polyanion
hydrophobic structure which reduced the solvent quenching of the complex-
es. The blue shift of the (4-phpy) and particularly (phimd) Os(II)CO com-
plexes indicate an insertion of the (4-phpy) or (phimd) group into the poly-
mer chains. The two new Os(II)CO complexes has great potential to be used
as luminescence sensors for DNA and polyanion detection in the low micro
molar range with high sensitivity.
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1. Introduction

Deoxyribonucleic acid (DNA), heparin and carrageenan are natural anionic po-
lymers produced in living systems. DNA is a polyanion made up of a repeating
sequence of nucleotides which consist of nitrogen base pairs, sugar residue and
phosphate groups. The phosphate groups on the DNA backbone give it an over-
all negative charge at neutral pH. DNA is involved in the biological processes of
nucleic acid replication, transcription and protein synthesis. The development of
methods for DNA detection and DNA cleavage is a growing interest in the past
few decades [1] [2] [3]. Heparin and carrageenan polyanions are composed of
polysaccharides with sulfate and carboxylate anion groups. Heparin is widely
used as an injectable anticoagulant in various clinical procedures, especially
open-heart surgery [4]. It is often used within catheter lock solutions to maintain
catheter potency to prevent thrombosis, or clotting. Overdose of this highly
charged polyanion can cause adverse effects such as hemorrhaging [5] [6]. Thus,
the quantity of this polyanion in the sample administered in medical procedures
has to be strictly controlled. Carrageenan is a food additive used as a thickener
found in ice cream, yogurt, and cottage cheese. Since an overdose of carrageenan
has shown intestinal damage in some animals [7] [8], it is important to develop a
sensor to determine the amount present in a given sample.

Positively charged Ru(II) and Os(II) polypyridyl complexes have gained great
attention as DNA fluorescent structure probes or photosensitizers due to their
high fluorescence emission changes upon binding/ligand intercalating with double
stranded DNA [9]-[20]. 2,2-bipyridine (bpy), 1,10-phenanthroline (phen), and
imidazole derivatives as well as their more lipophilic analogs were intensively
explored as ligands to study the metallocomplexes binding properties with DNA,
and many of the DNA binding Ru(II) complexes have shown antiviral, or an-
ti-cancer activity, through electrostatic binding, hydrogen bonding or interca-
lating into DNA duplexes as shown in many review papers [21] [22] [23] [24].
The ligand size, electronic and acid-base properties play important roles in the
binding with DNA. When the complex bind through intercalating into DNA
double helix major grove, its emission intensity increases along with a shift
in the emission maximum. In particular, Ru(II) complex with (dipyrido[3,2-
a:2,3’-c]phenazine (dppz) ligand is widely studied as switch-on probe for the
quantitation and structural identification of DNA [13] [17] [18] [19]. Recently,
the [Ru(phen),(dppz)]** complex was also studied as a luminescent switch-on
sensor for the detection of heparin [25]. However, no work from other research-
ers has been done on the interaction of these metal complexes with carrageenan.

While [Os(phen),(dppz)]** is also a DNA light switching probe, its emission
wavelength extends well into the infrared region [12]. We were interested in the
photoluminescent property of [Os(phen),CO(L)]*" complex series, where L is
pyridine (py), 4-phenylpyridine (4-phpy) and triphenylphosphine (PPh;) due to
their moderate to high photo emission ability in the visible region and their

emission changes when polyanions such as heparin, carrageenan and chondroi-
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tin sulfate are present [26] [27]. The [Os(phen),CO(4-phpy)]** (Structure in
Figure 1) showed the highest luminescence enhancement by these polyanions in
ethanol as well as in aqueous solutions. Our recent work extended the ligand L
to include imidazole (imd), 3-phenylimidazole (phimd) (Figure 1) [28], and
studied the response of these complexes to DNA samples of natural and syn-
thetic resources beyond heparin and carrageenan. It was found that the response
to the DNA samples was greatest with the (phimd) complex in ethanol solutions.
This paper presents the results of spectral responses of the two best responsive

OC(II)CO complexes towards DNA, heparin and carrageenan polyanions.

2. Experimental

2.1. Materials and Instruments

Ammonium hexachloroosmate (IV), trifluoromethanesulfonic acid (HOTf), po-
tassium hexafluorophosphate (KPF;), and 1,2-dichlorobenzene were purchased
from Alfa Aesar. 1,10-phenanthroline monohydrate (phen) was purchased from
Amresco. 1-phenylimidazole (phimd) was purchased from Matrix Scientific.
4-phenylpyridine (4-phpy), heparin sodium sulfate (H3393, >180 units/mg)
(hep) derived from porcine mucosa, i-carrageenan (/-carr), calf thymus DNA
(double stranded (dsDNA-ct), single stranded (ssDNA-ct), and human DNA
(dsDNA-h), and anhydrous ethanol (99.5%), were obtained from Sigma-Aldrich.
Synthetic single stranded DNA decamer (ssDNA-10) (sequence of CGCGAT
CGCQG) and synthetic double stranded DNA (dsDNA-10) (sequence of
TTTGTCATTT) were purchased from Integrated DNA Technologies. Acetoni-
trile (CH,CN) was DriSolv grade and purchased from EMD Chemicals. Ethylene
glycol was purchased from J. T. Baker. Dimethylsulfoxide-d; (DMSO) was pur-
chased from Cambridge Isotope Laboratories. All other chemicals were com-
mercially available products of the highest grade.

The 'H NMR spectra were taken on a Bruker Ultra Shield 400 MHz nuclear
magnetic resonance spectrometer with d-DMSO as solvent. The ultraviolet-visible
absorption spectra were taken on Thermo Insight UV-Vis spectrophotometer
evolution 220. A luminescence spectrometer (LS-50 or 55, Perkin Elmer) was
used for all the luminescence spectra measurements. Elemental analysis was

conducted at Robertson Microlit Laboratories on new compounds.
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Figure 1. Structure of the metallo-complexes.
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2.2. Preparation of the [Os(phen).CO(L)](PFs). Complexes

Os(phen),Cl,, cis-[Os(phen),CO(OTf)]OTY, and [Os(phen),CO(4-phpy)](PF;),
and Ru(phen),)](PF,), were synthesized according to literature procedures [28]
with purity >98%.

Synthesis of cis-[ Os(phen), CO(phimd)]( PF),:

Cis-[Os(phen),CO(OTH)]OTf (102.7 mg, 0.117 mmol), 1-phenylimidazole
(91.2 mg, 0.633 mmol) and 1,2-dichlorobenzene (8 mL) were placed in a Schlenk
flask and refluxed for 5 hours. The solid was purified via alumina column chro-
matography using 2:1 acetonitrile:toluene once as the mobile phase and then 5%
methanol in acetonitrile. An orange solid was obtained with a yield of 50.2 mg
(0.0496 mmol, 42%). '"H NMR (dimethylsulfoxide-d;, 400 MHz): & (ppm) 10.03
(dd, J; = 0.80 Hz, , = 5.20 Hz, 1H), 9.19 (m, 2H), 8.91 (d, /= 8.40 Hz, 1H), 8.84
(m, 2H), 8.78 (d, /= 8.40 Hz, 1H), 8.52 (d, /= 8.80 Hz, 1H), 8.36 (m, 4H), 8.27
(dd, J, = 5.20 Hz, /, = 8.40 Hz, 1H), 8.10 (dd, /, = 1.00 Hz, /, = 5.40 Hz, 1H), 7.89
(t, J= 1.60 Hz, 1H), 7.78 (m, 2H), 7.65 (dd, /, = 5.20 Hz, /, = 8.40 Hz, 1H), 7.60
(m, 2H), 7.53 (t, /= 7.80 Hz, 2H), 7.43 (m, 1H), 7.11 (s, 1H). ®*C NMR (dime-
thylsulfoxide-d;, 100 MHz): J (ppm) 177.7, 157.3, 155.4, 154.0, 150.7, 149.6,
149.3, 146.5, 145.7, 141.1, 140.2, 140.1, 139.6, 138.8, 135.7, 131.7, 131.5, 131.3,
131.2, 130.9, 130.2, 129.0, 128.9, 128.8, 128.5, 128.2, 127.6, 127.1, 126.9, 121.7,
121.6. Anal Calc. for C;,H,,F;,N,OOsP,: C, 40.32; H, 2.39; N, 8.30. Found: C,
40.03; H, 2.15; N, 8.03%.

2.3. Preparation of the Stock Solutions

The stock solutions of the Os(II)/Ru(II) complexes were prepared by dissolving
2.4 mg of the complex in 100.00 mL deionized water or ethanol. Lower concen-
tration solutions were diluted from the stocks. The 1.0 mg/mL solutions for dif-
ferent polyanions were prepared by dissolving 10.0 mg of each polyanion in
10.00 mL deionized water. The 0.10 mg/mL and 0.010 mg/mL polyanion solu-
tions were diluted from the 1.0 mg/mL solutions of the corresponding polyanion

solutions with deionized water

2.4. Spectral Measurement Procedures

UV-Vis spectra. The ultraviolet-visible absorption spectra were taken on a
Thermo Insight Evolution 220 double beam UV-Vis spectrophotometer, using a
1.0 cm quartz cuvette. Typically, 2.00 mL of the complex solution was placed in
the cuvette, and a small aliquant of anion solutions were added into the cuvette.
Immediately after a brief mixing, the absorbance of the solution mixture is rec-
orded in the range of 250 to 500 nm.

Luminescence measurements of the Os(1l)/Ru(Il) complex solutions. 2.00 mL
metal complex solution was transferred into a standard fluorescence quartz cu-
vette and placed in the cuvette holder. The emission and excitation slits were
both set at 10 nm. The excitation wavelength was set at 420 nm and lumines-

cence spectra were recorded in the range of 450 to 750 nm. The luminescence

DOI: 10.4236/ajac.2021.127017

280 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2021.127017

G. Ostner et al.

intensity at peak maximum was obtained and utilized for calculations and con-
structing calibration curves. All measurements were under ambient condition
(~23°C and in open air).

The luminescence response of the Os(II)/Ru(II) complexes to various polya-
nions was carried out by first obtaining the luminescence of the 2.00 mL com-
plex solutions, then a small aliquant of (2 to 10 pL) of various DNA, heparin so-
dium salt or i~carrageenan was continuously added. The luminescence intensity
of the Os(II)/Ru(Il) complex solutions at a peak wavelength of each complex
with successive additions was taken after each addition of polyanions. All the
measurements were obtained immediately after the solution was mixed tho-

roughly.

3. Response Principle and Data Treatment

The osmium/ruthenium center in the complex is in the +2 oxidation state with
an overall +2 charge on the complex ion. When the polyanions are present, the
osmium complex could electrostatically bind to the anion sites and/or through
ligand intercalation into the polyanion hydrophobic structure such as the double
helix of DNA:

2

zM(L)" +2PLA* —(ML,)_-(PLA), (rxn 1)

Here M(Ly)*" represents the six atom coordinated Os(II)/Ru(II) complex,
PLA” represents the polyanion with a charge of —z When bonded, the Os(II)/
Ru(II) complexes are close to the negative anion sites on the polyanion chain
and some ligands may penetrate/intercalated into the cavity of the polyanion
fold e.g. the DNA helix and the polyanion sugar chain that shield around the
complex, therefore significantly changing the solvent environment around it,
thus change its luminescence characteristics. Using a to represent the fraction of

complexes bonded to the polyanions (C(MLé) ) relative to the total complex

C

ML )_-(PLA
concentration G, azw, and the luminescence intensity of the

0

-PLA
z

complex in the free and bonded form as F, and £, respectively, the solution lu-

minescence intensity in the presence of polyanions is given by:

F=(1-a)F, +aF, (1)
With o = £ 10 )
F, = F,

If the bonded form of the complex has a higher quantum yield, ie. F, > F,
then Fis larger than F, when binding occurs. The luminescence intensity ratio
F/ F, can be expressed in terms of « :

F F F,
—:(l—a)+a—b:[—b—l]a+l (3)

0 E) 0
If the binding constant K is large, when low polyanion concentration was

added, all of the polyanions are bound to the Os(II) complex. The Os(II) com-
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plex concentration in the ion-pair is: C

ZC
Coupn = %CPLA ,then o =—FA and substituting into (3) we obtain:
0
C
F_(E ) 2(Gu) (4)
K \R) 2

F
Plotting the ratio — for the complex solution vs. the concentration of po-
0

lyanion, G, , yields a linear curve with an intercept of 1 at low concentrations

with no quenching by the polyanions. The slope of the curve, (ﬂ— 1]- 22 re-
0 0

F,
flects the —2 ratio, the effective binding charge z of the polyanion, and the ini-
0

tial concentration of the complex (. The structure of the polyanions (helix vs.
coil) and the ability to provide efficient intercalation of the complex into the po-
lyanion shield determines F, (estimated from the concentrations of polyanion
present that give the maximum enhancement: F, ). The anion carrying group,
number of charges and substitution groups on the disaccharide all contribute to
variations in the binding strength, thus leading to different luminescent response
slopes, and response ranges of the Os(II)CO and Ru(II) complex solutions to
different polyanions. Smaller initial concentration G results in a higher response

slope of the F/ F, vs the polyanion concentration curve.

4. Results and Discussion

4.1. General Spectra of the Os(II) /Ru(Il) Complexes

From the absorption, excitation and emission spectra, the [Os(phen),CO(4-phpy)]**
complex has excitation peaks at 225, 270, 345 and 420 nm, and emission peak at
~560 nm in aqueous and ethanol solution. The peaks at 225, 270 and 345 nm are
due to 7 to 7* transitions of the ligands, and the one at 420 nm is due to metal to
ligand charge transfer as reported previously [28]. The emission intensity in
ethanol is lower than in aqueous solution. Single and double strand DNA sam-
ples as well as other polyanions altered the absorbance and enhanced the lumi-
nescence of the [Os(phen),CO(4-phpy)]** in solutions quite differently.

While substituting (4-phpy) with phenyl imidazole (phimd), the new Os(II)CO
complex, [Os(phen),CO(phimd)]** has absorption/excitation peaks at 225, 270
nm and small broad peaks around 360 and 425 nm. The peaks at 225 and 270
nm are due to 1 to * transitions of the ligands, and the peaks at 360 and 425 nm
are due to metal to ligand charge transfer. All excitation wavelengths result in
one strong emission peak at ~586 nm in aqueous and ethanol solution. The
emission intensity in ethanol is lower than in aqueous solution. The emission at
586 nm is enhanced by single and double stranded DNA and other polyanions in
ethanol as well as in aqueous solutions.

The [Ru(phen),]*" has absorption/excitation peaks at 225, 270 nm and weak
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broad peak in the range of 330 to 520 nm. The peaks at 225 and 270 nm are due
to m to m* transitions of the ligands, and the peak at ~460 nm is due to metal to
ligand charge transfer [9] [10] [11]. All excitation wavelengths result in one
strong emission peak at ~575 nm in aqueous and ethanol solution. The emission
intensity in ethanol is lower than in aqueous solution. The emission at 575 nm is
enhanced by single and double stranded DNA and other polyanions in ethanol

solutions.

4.2. Absorbance Spectra Changes in the Presence of Polyanions

Addition of dsDNA to the [Os(phen),CO(phimd)]*" complexes in ethanol or
aqueous solutions showed an increase in absorbance at 270 nm, and the shoul-
der peak at 350 to 400 nm. The UV-Vis spectra containing the [Os(phen),CO
(phimd)]** complex only and the complex in the presence of dsDNA-ct is dis-
played in Figure 2(a). The DNA in solution absorbs at 258 nm, thus the increase
at 271 nm is the superimposition of the DNA absorbance over the it to m* transi-
tion of the [Os(phen),CO(phimd)]** complex. The absorbance is slightly in-
creased for the MLCT band from 350 nm 500 nm upon the addition of dsDNA-ct.
The isosbestic point at 336 nm is apparent with the additions of dsDNA-ct. Similar
results are obtained in aqueous solutions.

Additions of heparin and carrageenan to the [Os(phen),CO(phimd)]** com-
plexes solutions showed similar pattern. The addition of 40 ug/mL heparin to
[Os(phen),CO(phimd)]** ethanol solution caused a 6% decrease for the 7 to m*
transition absorption at 270 nm. Similar spectral changes compared to the com-
plex mixed with DNA were observed at the minor peaks of 336 nm and 423 nm
with isosbestic point at 338 nm when heparin was added. Higher decrease (17%)
of the m to m* absorbance was observed in aqueous solutions by additions of 40
pg/mL of heparin. The presence of 20 pg/mL carrageenan caused an 18% of the
reduction of the 7 to m* absorption at 270 nm and a small increase at the MLCT
bands in both ethanol and aqueous solutions. These small spectral changes indi-
cate an inclusion/intercalation of the positively charged [Os(phen),CO(phimd)]**
complex into polyanion chain in ethanol and aqueous solutions facilitated by the
electrostatic attraction of the polyanions to the 2+ charge on the [Os(phen),CO
(phimd)]** complexes.

The presence of heparin or i-carrageenan in the [Os(phen),CO(4-phpy)]**
complex solution showed a similar pattern. Figure 2(b) shows an example of the
spectral change of the [Os(phen),CO(4-phpy)]**complex when heparin was suc-
cessively added into the aqueous solution. There is a 20% (by heparin) and 30%
(by i-carrageenan) decrease of the m to m* transition band at 270 nm. An inter-
esting spectral change is observed at the second ligand band around 360 nm;
there is an increase between 360 and 400 nm, and a decrease between 290 and
360 nm with isosbestic points at 310 and 356 nm. The MLCT band at 423 nm
has a slight increase in absorption. Additions of DNA also showed similar spec-

tral changes in the range of 300 to 500 nm, corresponding to the second ligand
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Figure 2. (a) Absorbance spectra of [Os(phen)2CO(phimd)]** (24 pug/mL) at 271 nm with
40 pg/mL (top, blue), 20 pg/mL (middle, red) and without (bottom, green) dsDNA-ct in
ethanol solution. (b) Absorbance spectra of [Os(phen),CO(4-phpy)]** (24 pg/mL) at 271
nm (top green) successive additions of 2.5 pug/mL heparin in aqueous solution. Insert:
absorbance spectra in the range of 320 to 400 nm with the same concentration of heparin
in the solution. (c) Absorbance spectra of [Ru(phen),]** (24 pg/mL) at 271 nm with 0 (top
green) 5 pug/mL (middle, red) and 10 pg/mL (bottom, blue) i~Carr in aqueous solution.

band and the MLCT band. While there is a slight increase at the 270 nm peak,
here the decrease of the 7 to m* band is almost cancelled by the increasing DNA

absorbance band. There is a 20% decrease of the complex-DNA mixture com-
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pared to the additives of the absorbance of the separate solutions of DNA and
complex. Here again, the spectra of the 4-phpy complex in ethanol is similar to
the absorbance band change in aqueous solutions, showing the binding pattern
and strength is similar in both solvents between the complex and polyanions.

As a comparison, the spectral change of the [Ru(phen),]** complex in aqueous
and ethanol solution was also obtained in the presence of the polyanions. Similar
to the Os complexes, the m to 7* transition band at 270 nm is decreased, the
MLCT band is slightly changed by carrageenan (see Figure 2(c)) and heparin, a
decrease at 430 nm and isosbestic point at 360 and 454 nm. While dsDNA sam-
ples did not change the ligand band at 270 nm due to its absorption, the effect on
the MLCT band, e.g. a small decrease at 430 nm is similar to that observed by
previous research [9] [10]. These were explained as being due to intercalation of
the Ru(II) complex into the base pairs and surface binding along the helical
grove.

These spectra changes indicate an intercalation of the positively charged com-
plex into polyanion structures in ethanol and aqueous solutions to a similar de-
gree. The changes at the ligand m to 7% is the smallest for all the polyanions to
the [Os(phen),CO(phimd)]** complex. Comparing i-carrageenan and heparin,
I-carrageenan caused the largest decrease of absorption of the phen ligand band
to all three complexes, indicating a stronger interaction with the complexes, this
may be due to its higher number of charges per disaccharide (DS), thus a higher
electrostatic binding with the cation complexes [7] [28].

4.3. Luminescence Characteristics of the Metal Complexes
in the Presence of Polyanions

The two Os(II)CO complexes exhibit one broad luminescence peak in the range
of 500 to 700 nm when excited at 270, 350 or 420 nm. The differences are that
[Os(phen),CO(phimd)]** complex has a higher emission wavelength and much
lower emission intensity than the [Os(phen),CO(4-phpy)]** complex. The maxi-
mum emission intensity wavelength for each of the stock Os(II)CO solution in
comparison to the Ru(II) complex is summarized in Table 1.

Shifts in emission maximum that occur upon changing solvent indicate emis-
sion from the metal-to-ligand charge transfer state for transition metal com-
plexes. Polar solvents shift emission to lower energy (longer wavelengths) as a
result of stabilization of the excited state dipole moment through solvent relaxa-

tion, and therefore longer lifetimes of the excited state of the molecule [11]. This

Table 1. Maximum emission peak wavelength for the 24 pg/mL Os(II)-CO and Ru(II)(phen),
complexes.

Os|[(phen),CO(4phpy)]**  [Os(phen),CO(Phimd)]** [Ru(phen),]**
Complex Solvent

EtOH aq EtOH aq EtOH aq
Emission Peak (nm) 567 563 588 585 575 574
Intensity 221 387 48 77 143 331
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trend was observed with the Os(II)CO complexes, there is a small blue shift in
emission maximum changing from ethanol to the more polar aqueous solutions.
[Ru(phen);]** complex showed no blue shift of the emission peak wavelength in
aqueous than in ethanol as shown in Table 1. All three complexes showed high-
er emission in aqueous solutions, indicating that the ethanol solvent has higher
quenching efficiency to the complex luminescence than water molecules. The three
complexes all showed emission enhancement by polyanions, dsSDNA, /-carrageenan
and heparin in both aqueous and ethanol solutions.

Figure 3(a) & Figure 3(b) show the emission spectra of the two Os(II)CO
complexes in ethanol with continuous additions of dsDNA-h samples. The ini-
tial peak wavelength of the [Os(phen),CO(phimd)]** complex in ethanol solu-
tion was 588 nm. As dsDNA-h was added, the maximum peak wavelength
shifted to a shorter wavelength of 570 nm. This A1 of —18 nm blue shift indicates
the presence of the DNA strand increased the electronic transition energy of the
luminescence of [Os(phen),CO(phimd)]** complex. The luminescent intensity
enhancement at the peak can be as high as 10 times with DNA concentrations in
the range of 1 to 40 pg/mL. Single strand DNA, carrageenan and heparin also
show strong emission enhancement with blue shift.

As shown in Figure 3(b), the addition of DNA sample also induced an emis-
sion enhancement with a blue shift of the emission wavelength for the (4-phpy)
complex. Compare to the (phimd) complex, the enhancement ratio at the peak
wavelength is smaller (~5 times).

In comparison, Figure 3(c) shows the emission spectra of the [Ru(phen),]**
complex in the addition of ssDNA-ct samples in ethanol. There is a gradual in-
crease in luminescence intensity with ssDNA-ct concentration up to 140 pg/mL
at 575 nm. Different from the two Os(II)CO complexes, the emission spectra has
a red shift of ~5 nm. Double stranded DNA as well as /-carrageenan and heparin
also show the emission intensity enhancement with small red shifts. This is sim-
ilar to the earlier works that the presence of dsDNA in the [Ru(phen),]** com-
plex in aqueous solution induce luminescence enhancement with a slight red
shift, which is due to the intercalating of the (phen) ligand through stacking into
the dsDNA base pairs and also the electrostatic interaction at the surface with
the DNA anion groups [9] [10] [11].

The two Os(II)CO complexes show enhancement with added polyanions up
to a certain maximum concentration, then the emission intensity started to de-
crease due to quenching by the anion sites. To compare the luminescence en-
hancement characteristics of the three complexes to the various polyanions, the
F,../F, ratio and the emission maximum shift were obtained for each complexes
with the gradual addition of polyanions in two solvents and summarized in Ta-
ble 2 and Table 3. Overall, the luminescence emission enhancement was greater
in the ethanol solution compared to the corresponding values in aqueous solu-
tion. The Os(I[)CO complexes showed blue shifts, while Ru complex is red

shifted in ethanol. The blue shift and the emission intensity enhancement are
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Figure 3. (a) Luminescence spectra of [Os(phen),CO(phimd)]** (24 ug/mL) ethanol solu-
tion with addition of 0, 10, 20, 30, 40, 60, 80, 100 pL of 1 mg/mL dsDNA-h. (b) Lumines-
cence spectra of [Os(phen),CO(4-phpy)]** (24 pug/mL) ethanol solution with addition of 0,
5, 10, 20, 30, 40 pL of 1 mg/mL dsDNA-h. (c) Luminescence spectra of [Ru(phen),]** (24
pum/mL) (bottom) in ethanol solution with successive addition of 10 (spectra 2 bottom) or
20 uL of 1 mg/mL ssDNA-ct.
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Table 2. Luminescence maximum wavelength change and the enhancing ratio of com-
plexes in ethanol solutions (24 pg/mL) by polyanions.

Complex item  ssDNA-ct dsDNA-ct dsDNA-h Carr Heparin
A -14 -9 -18 -15 -13
[Os(phen),CO(phimd)]**
Fnarl Fo 115 8.5 10.7 8.0 4.7
A -6 -4 -7 -15 -13
[Os(phen),CO(4-phpy)]**
Fnaxl Fo 6.4 5.5 5.5 5.0 4.8
A 4 4 5 3 5
[Ru(phen);]**
Fnaxl Fo 5.1 5.2 6.1 4.0 2.2

Table 3. Luminescence maximum wavelength change and the enhancing ratio of com-
plexes in aqueous solutions (24 pg/mL) bypolyanions.

Complex item ssDNA-ct dsDNA-ct dsDNA-h Carr Heparin
AL 0 -3 -10 -6 0
[Os(phen),CO(phimd)]**
F,../Fo 1.7 1.4 24 4.0 1.7
AL 5 6 5 0 0
[Os(phen),CO(4-phpy)]**
F,../Fo 2.1 1.7 1.7 3.0 22
AL 3 4 5 4 3
[Ru(phen),]**
Fonax/ Fo 1.2 2.0 2.0 1.8 1.2

higher with the [Os(phen),CO(phimd)]** complex in ethanol solution. Double
stranded human DNA and i-carrageenan showed the highest responses in both
ethanol and aqueous solutions with all three complexes. In aqueous solution, the
luminescence enhancement by the polyanions are much smaller, DNA samples
exhibited smaller response than r-carr with the Os(II)CO complexes, and the
ssSDNA response is the smallest indicating a very small interaction of the
Os(II)CO complex with this polyanion in aqueous solutions. These indicate that
the dsDNA has a higher binding ability with the complexes in aqueous solutions
which may due to its double helix structure that favored the intercalation with
the double charged complexes.

The blue shift of the Os(II)CO complexes in ethanol solution with the pres-
ence of polyanions may be due to that the sixth ligand (4-phpy) or (phimd) ex-
tends out and penetrate into the polymer hydrophobic area, thus protected from
ethanol solvent molecular collisional quenching. Particularly Os(II)CO com-
plexes with (phimd) ligand, there is blue shift in aqueous solutions with dsDNA
presence. This may be owing to the N atom on the (phimd) enhanced interac-
tion with DNA, thus the complex emission experiencing blue shift in both sol-
vents. This may also contributes to the high enhancement ratio of the (phimd)
complex in ethanol by the DNA samples in ethanol.

Response curves with the enhancement ratio (F/F,) of the complexes vs. the
concentration of the polyanions are plotted. The curves for the [Os(phen),CO
(phimd)]** complexes in ethanol show the highest slopes to the respective po-
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lyanions reported here and they are shown in Figure 4. DNA samples, double or
single stranded, showed much high response than carrageenan and heparin in
ethanol. There is a linear response in the low concentration ranges tested for each
polyanions. These responses are much higher than with [Os(phen),CO(4-phpy)]**
and [Ru(phen),]** in ethanol solutions (see Figure 5 for dsDNA response). The
response ranges and the slopes for these three complexes to four polyanions are

summarized in Table 4. These data indicate that the complexes have great potential

12
10

F/Fo

o N B O

0 20 40 60 80
Conc., pug/mL

Figure 4. Fluorescence ratio [Os(phen),CO(Phimd)]** (24 ug/mL) plotted against the
concentration of various polyanions in ethanol solution. (¢) ssDNA-ct, (4) dsDNA-h, (X)
Carr, (@) Hep.

12

10

F/Fo

~ O

0 10 20 30 40
Conc, pg/mL

Figure 5. Human DNA response at three complexes in ethanol solution. () [Os(ph-
en),CO(phimd)]*, (4) [Os(phen),CO(4-phpy)]*, (¢) [Ru(phen),]*".

Table 4. Response range of the metallo-complexes (24 pg/mL) to polyanions in ethanol solutions.

Complexes item ssDNA-ct dsDNA-ct dsDNA-h Carr Heparin
Linear range
1-30 1-32 1-32 1-45 1-70
[Os(phen),CO(phimd)]>*  (g/mL)
Slope 0.34 0.20 0.20 0.15 0.067
Linear range
1-20 1-30 1-30 1-30 1-38
[Os(phen),CO(4-phpy)]** (ug/mL)
Slope 0.12 0.13 0.095 0.14 0.077
Linear range
1-80 1-80 1-80 1-80 1-90
[Ru(phen)]* (kg/mL)
Slope 0.060 0.082 0.082 0.067 0.027
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to be used for the sensitive luminescent determination of these polyanions in
ethanol solution. As shown in Figure 6, in aqueous solution, the dsDNA re-
sponse range is similar with all three complexes, indicating the degree of interac-
tion of the complexes with dsDNA are similar.

Concentration dependent studies show that the response range moves to low-
er anion concentration when lower complex concentrations are used. As pre-
dicted by equation 4, lowering the complexes concentration, (;, would increase
the response slope. When concentrations of the complexes were reduced from
24 to 12, 9.6 or 4.8 pug/mL, the response curve gradually shifted to the lower
concentration ranges. With the same complexes, similar spectral shifts and
maximum enhancement ratio were obtained, however, at lower concentration,
the enhancement ratio increased much more rapidly. Table 5 listed the response
ranges at 4.8 pg/mL of the Os(II)CO complexes in ethanol solution. Compared
to Table 4, the response ranges are much narrower, while the slopes are higher.
Table 5 also shows that the synthetic short chain ssDNA-10 has much smaller
response while the dsDNA-10 give the highest maximum enhancement and
highest slope for the (phind) Os(II)CO complex. The concentration dependent
enhancement is a clear indication that the complexes bind to the polyanions in so-
lutions tightly and rapidly, that the binding equilibrium exists at each addition of

polyanions, and that the bond complexes exhibit higher emission quantum yield.

2

1.8

0 10 20 30 40
[dsDNA-h], ug/mL
Figure 6. Fluorescence ratio (e) [Os(phen),CO(Phimd)]*, (4) [Ru(phen),]** and (M)

[Os(phen),CO(4-phpy)]** complex (24 pg/mL) plotted against the concentration of dsDNA-h
polyanions in aqueous solution.

Table 5. Response ranges and average slope values of OsCO(II) complexes with polyanions in ethanol

(2.00 mL of 4.8 pg/mL complex solution in cuvette).

Complex Item ssDNA-ct dsDNA-h ssDNA-10 dsDNA-10 fcarr heparin
Response Range
1-15 0.5-15 4-7 1-20 0.5-15 0.5-15
[Os(phen),CO(phimd)]** (ug/mL)
Linear range Slope 0.71 0.51 0.28 0.80 0.41 0.27
Response Range
0.5-14 1-18 0.5-13 2-16 0.5-15 0.5-10
[Os(phen).CO(-phpy))*  (hg/mlL)
Linear range Slope 0.15 0.20 0.18 0.15 0.28 0.14
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5. Conclusion

In summary, the two newly synthesized osmium(II) carbonyl complexes have
moderate luminescence emission in the visible region, and their emission are
highly (5 - 11 times) enhanced by polyanions such as DNA, heparin and carra-
geenan in ethanol solutions with a blue shift in the emission maximum. UV-Vis
spectroscopy reveals that there are small absorbance band changes in the m to m*
and MLCT bands indicating interaction exists between the polyanions and the
metal complexes. The high luminescence enhancement of the complexes in
ethanol solution by the polyanions may be largely due to the formation of
ion-pairs between the polyanion and the complexes, which prevented the etha-
nol molecular quenching. These enhancements are reproducible and can be uti-

lized to detect the polyanion concentration in the microgram/mL range.
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