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HIGHLIGHTS

» Efficient removal of Cu(Il) by a novel resin from strong acid solutions was explored.

» Interaction mechanisms under different acidity were depicted with the help of XPS.

» Preponderant geometric structure of complex in strong acid media was affirmed by DFT.
» Three-dimensional conformation of complex at active sites in nanopores was simulated.
» Method without neutralization to recover metal ions from strong acids was speculated.
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ABSTRACT

The novel chelating resin Dowex M-4195 was selected and applied to investigate the static adsorption
properties and interaction nature toward aqueous Cu(ll) from acid solutions. The isotherm data could
be well described by Langmuir model, and the kinetic curves could be successfully fitted with the
pseudo-second-order equation. In strong acid solutions at the pH-value of 2, the obtained adsorption
capacity was 1.592 mmol/g, about 50% more than that at the higher pH-value of 5. The adsorption mech-
anism of Cu(Il) onto Dowex M-4195, especially at the pH-value of 2, were further explored using the Den-
sity-Functional-Theory. The theoretical calculations confirmed the three nitrogen atoms would be all
involved in the coordination with tridentate complex and thus the two five-member ring structure could
be achieved. Additionally, the XPS spectra testified the involvement of nitrogen atoms, which told the
coordination ratio might be 1:1. Whereas, in weak acidic solutions at the pH value of 5, the ion exchange
mechanism involving the protonated pyridine of solid matrix and Cu(Il) was dominant. Consequently,
high efficient removal of Cu(Il) especially from strong acidic solutions could be achieved, an indication
of a potential and preponderant new method to recover heavy metals from acidic effluents without suf-
ficient neutralization pretreatment.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

which could often be detected in chemical effluents. However, with
the rapid industrialization, too many Cu-based chemicals from

Heavy metals from industrial wastewater have been excessively
released into the aquatic ecosystems and thus created more and
more comprehensive concern around the world. Unlike organic
pollutants, heavy metals can be accumulated in the environment
and living organisms for a prolonged time, and cause various disor-
ders and diseases ultimately [1-3]. Copper together with other
heavy metals, is considered as high relative mammalian toxic
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copper mining activities, smelting, electroplating industries, and
brass manufacture make copper-pollution more severe [2,4,5]. As
is known to all, the continued inhalation of copper containing
sprays is relevance with an increase in lung cancer among exposed
workers, therefore the removal of copper can be paid significant
attention [6]. As a matter of fact, such methods to remove Cu(ll)
from industrial wastewaters, as chemical precipitation, coagula-
tion [7], ion exchange [8], electrolytic methods [9], reverse osmosis
[10] and adsorption [11] were reported earlier. Among them,
adsorption is considered more effective especially in the trace
amounts cases for its far higher capacity and selectivity [3,12]. So
far, a large amount of materials have been used as adsorbents, such
as activated carbon [13,14], activated alumina [15], red mud [16],
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layered double hydroxides [17], fibrous adsorbents [18] and resins
[1,4]. However, most adsorbents could only be used in media of
mild pH values [19-21] which requires complex neutralization
pretreatment for the strong acidic Cu-based industrial wastewater.
For instance, iminodiacetic acid chelating resin (IDA) and dithio-
carbamate chelating resin (DTC) have been used to remove Cu(Il)
from aquatic media [22-24] due to their large adsorption capacity,
high selectivity, excellent mechanical character and easy regener-
ation [25-28]. Nevertheless, the DTC chelating resins are solely
used in weak acidic environment [29,30], while the IDA resins
could only be applied under alkaline condition due to their weak
acid characters [31]. Necessarily, the selective removal of metal
ions from strong acid media is recognized as a difficult task for al-
most all the above-mentioned Cu-based industries.

Thus, more effective chelating resins especially under lower pH-
values should be discovered and detected in details. Diniz [32] and
Nagib [33] have reported the novel chelating resin Dowex M-4195
which owned an unusual ability in the removal of Cu(ll) even
under lower pH values. As reported earlier, the structure of Dowex
M-4195 is based on bispicolylamine, which is attached to a
polystyrene divinylbenzene matrix. Bispicolylamine or bis(2-pyri-
dylmethyl) amine is a heterocyclic polyamine with three nitrogen
donor atoms, as shown in Scheme 1.

However, relatively less work has been paid on the nature of
these nitrogen-containing chelating resins before and after their
interaction with heavy metals, which are of great significance for
the design of highly effective chelating resin [26,34,35]. As an
important supplement to the experimental investigation, the theo-
retical calculation as well as refined analysis, could overcome the
problems connected with the experimental techniques and provide
excellent complement [36]. It could offer necessary information on
the coordination modes, structures, as well as the binding abilities
of the chelating resin towards heavy metal ions [37]. Furthermore,
the development of Density-Functional-Theory (DFT) provides a
new credible tool in this field [38-40]. Particularly, DFT method
has been proven to be computationally efficient and satisfactory
for the prediction of molecular properties after the interactions
especially involving transitional metal systems [41-43].

In this work, the novel chelating resin Dowex M-4195 was se-
lected as the exclusive adsorbent. The static adsorption perfor-
mance including equilibria and kinetics toward Cu(ll) were
herein explored and described by different models. The fact was
that the far higher adsorption capacity in strong acid solutions than
that in weak acid solutions for Cu(Il) onto Dowex M-4195, which
maybe lead to a potential and preponderant new method to re-
cover heavy metals from common strong acidic industrial waste-
water without sufficient neutralization pretreatment. The aim of
this work was to investigate the interactive mechanisms under dif-
ferent pH values with the help of XPS and DFT. The complex
formed in strong acid solutions and the three-dimensional interac-
tive conformation was significant to explore the micromechanisms
for various heterogeneous materials.

HC HwC
—CH—CH,— \
CH —N— CH \
——N

Scheme 1. Structure of Dowex M-4195.

2. Methods
2.1. Materials

Sodium hydroxide, nitric acid, and copper nitrate were all ana-
lytical reagents and purchased from Nanjing NingShi Reagent Com-
pany (Nanjing, JiangSu, PRC).

Dowex M-4195 was manufactured by Dow Chemical (Midland,
MI, USA), and purchased from Supelco-Sigma Aldrich Division
(Bellefonte, PA, USA).

2.2. Characterization of Dowex M-4195

Element analysis (EA, Elemental Vario MICRO) of Dowex M-
4195 was carried out in order to determine the amount of ligands
available in the matrix, and the functional groups were obtained by
Fourier transform infrared spectroscopy (FT-IR, Nicolet 170 SX).
The specific surface area and mean pore size distribution (PSD,
ASAP 2020 M+C) were measured using the nitrogen gas adsorp-
tion/desorption method. The surface chemical state of the resin
and surface elemental composition before and after the interaction
with Cu(II) were further analyzed by electron spectroscopy analy-
sis (XPS, ESCALAB 250).

2.3. Static tests

2.3.1. Isotherms

Equilibrium adsorption of Cu(Il) was performed at three differ-
ent temperatures (283 K, 303 K, and 323 K) in batch systems.
Adsorption isotherms were performed with different initial con-
centrations in the range of 0.5-5.0 mmol/L of Cu(Il) while keeping
the dry resin amount at the certain value of 1.0 g/L. The residual
concentrations of Cu(ll) in solutions were determined using a
flame atomic absorption spectrophotometer (AAS, TAS-990, Beijing
Pgeneral Co.). The initial pH values of the sample solutions were
adjusted at 5 and 2 by HNO3 or NaOH. All pH values were mea-
sured with a PHS-3C digital pH meter. The amount of metal ion ad-
sorbed per unit mass of the resin could be determined with the
following expression as:

R 1)

where Cy and C, are the concentrations of the metal ion in the
aqueous phase before and after the equilibration, respectively
(mmol/L). V is the volume of the aqueous phase (L), W is the
amount of the resin used (g) and Q; is the equilibration adsorption
capacity (mmol/g).

The Langmuir and Freundlich isotherm models are employed as
the form of:

C. G 1
Q.= Q0 " Qb @
where C, is the equilibrium concentration (mmol/L), Q. is the
amount of adsorbed material at equilibrium (mmol/g), b is the affin-
ity parameter or Langmuir adsorption constant (L/mmol) which re-
flects the free energy of adsorption, and Qg is the capacity
parameter (mmol/g) [44,45].

Q. =K C;" 3)
where Q. is the equilibrium capacity (mmol/g), C. is the equilibrium

concentration (mmol/L), K; and n are the constant isotherm
parameters.



242 J. Gao et al./Chemical Engineering Journal 222 (2013) 240-247

2.3.2. Kinetics

The rate of loading of metal ion on the resins could be deter-
mined by kinetic tests. Certain amount (1000 mL) of metal ion
solution with the initial concentration of 1 mmol/L was introduced
with 1.000 g resin at 303 K. The mixture solution was adjusted to
the initial pH value of 5 and 2, and then mechanically stirred under
120 rpm. The samples (1 mL) were withdrawn at predetermined
intervals for the analysis with AAS.

The kinetic parameters of metal ion adsorption are important
for designing adsorption systems, and pseudo-first-order and
pseudo-second-order kinetic models can usually be applied to de-
scribe the kinetic adsorption process.

The pseudo-first-order and pseudo-second-order kinetic mod-
els are given as the form of:

k]f

log(Q, — Q;) =logQ, — 2303 (4)
t 1 t

& k) Q@ )
h = k,Q? (6)

where Q; is the adsorption capacity at time t (mmol/g), Q. is the
adsorption capacity at equilibrium (mmol/g), h is the initial adsorp-
tion rate constant of pseudo-second-order (mmol/g/min), and ky, k
are the adsorption rate constants of pseudo-first-order (min™1!),
pseudo-second-order (g/mmol/min), respectively [46].

2.4. Computational details

All the calculations were based on DFT and carried out using the
Gaussian 03 suit of programs. Geometries of the chelating resin
model and its metal complexes were fully optimized using DFT
method with the B3LYP hybrid density functional theory. The C,
H and N atoms used 6-31+G(d) basis set, while the metal ions were
depicted by LANL2DZ relativistic pseudo potentials, which were
proved most credible for the transition-metal ligands [41-43]. All
possible geometries were fully optimized without the imposition
of symmetry constraints. Harmonic vibrational frequencies were
calculated at the same level to ensure that the stationary points
be true minima.

Binding energies (AE), as the energy differences between the to-

tal energy of the complex and those of the individual molecules,
were calculated by Eq. (7). Polarizable continuum model (PCM)
was applied to evaluate the solvent effect of water on the binding
energies [36].
AE = E(complex) — [E(chelating resin) + E(metal)] (7)
where E is the total energy obtained by the single point energy cal-
culations at the B3LYP/6-31+G(d,p)//B3LYP/6-31+G(d) (LANL2DZ
for metal ions) level.

3. Results and discussion
3.1. Characterization of Dowex M-4195

3.1.1. EA results

EA results including C, H, and N of Dowex M-4195 were tabu-
lated in Table 1. The content of nitrogen in the resin was 9.4%, cor-
responding to the functional group capacity of 2.24 mmol/g.

Table 1
EA of the resin Dowex M-4195.
Resin Element content (%)
C H N
Dowex M-4195 80.63 7.42 9.40

3.1.2. FT-IR spectra

The FT-IR spectra of Dowex M-4195 were presented in Fig. 1.
The adsorption bands near 1363 cm™' and 1433 cm™! corre-
sponded to the stretching vibrations of C—N, and the adsorption
feature near 1590 cm~! was caused by C=N of pyridine. Adsorp-
tion peak of C—H occurred between 2920 cm ' and 760 cm !
[47-49]. Thus, the functional groups of Dowex M-4195 were con-
firmed to be pyridine and aliphatic amine.

3.1.3. PSD analysis

The adsorption and desorption isotherms of nitrogen at 77 K on
Dowex M-4195 during PSD analysis were shown in Fig. 2. The iso-
therms displayed a Type IV profile according to the IUPAC classifi-
cation with hysteretic loops in relative pressure higher than 0.9
[50], indicating that the pores were mostly mesoporous and mac-
roporous. Distribution curve demonstrated that the porous distri-
bution was relatively concentrated and the porous size of resin
was mainly mesopores of about 40 nm. Such porous characteristics
might contribute to the diffusion of those metal ions with only sev-
eral nm magnitudes in the adsorption process.

3.2. Static investigation

3.2.1. Equilibrium isotherms

The adsorption isotherms for Dowex M-4195 could be well de-
scribed by both Langmuir and Freundlich models. The amount of
Cu(Il) adsorbed per unit mass of Dowex M-4195 increased with
the initial metal concentration and temperature as expected.
Whereas, the Langmuir model could describe all isotherm data
with more success, as could be found in Table 2. Equilibrium
adsorption capacity increased from 0.796 mmol/g to 1.592 mmol/
g along with the decrease in pH-value from 5 to 2 at 303 K. Simi-
larly, the Langmuir adsorption constant b increased with the de-
cline in pH-value, illustrating that Dowex M-4195 owned greater
affinity with Cu(II) even at lower pH values. The favorable proper-
ties in acid solution might be associated with the unique chemical
characters of Dowex M-4195.

3.2.2. Adsorption kinetics

The pseudo-first-order and pseudo-second-order models were
used to interpret the adsorption kinetics, and the fitting curves
and key parameters could be found in Fig. 3 and Table 3, respec-
tively. The pseudo-second-order kinetic model could succeed in
describing the kinetic curves, which demonstrated that the adsorp-
tion rate of metal ions extremely depended on the concentration of

Transmittance(%)

1590 )
4500 4000 3500 3000 2500 2000 1500 1000 500
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Fig. 1. FT-IR spectra of Dowex M-4195 before and after loaded with Cu(II).
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Fig. 2. N, adsorption/desorption isotherms and PSD curves of Dowex M-4195.

Table 2
Constant parameters of the Langmuir and Freundlich isotherms.

Resin pH- T Langmuir constants Freundlich constants
value  (K) b 2 K n 2

Dowex M- 5 283 0799 0244 0996 0.161 1.529 0.990
4195 303 0.796 0304 0996 0.194 1.675 0.990
323 1341 0226 0999 0245 1439 0.994
2 283 1394 0376 0.998 0.370 1.603 0.991
303 1.592 0414 0998 0.524 1.934 0.994
323 2140 0.387 0.997 0.696 1.938 0.996

ions at the adsorbent surface, as reported in an earlier literature
[46].

As could be seen from Fig. 3 and Table 3, the adsorption equilib-
rium could be obtained after 5 h at the initial pH-value of 5, versus
24 h at 2. So, the lower initial pH-value of the solution was, the
longer the adsorption equilibrium time could be achieved. Further,
such deep decline as 57.4% and 98.3% in the initial adsorption rate
(the value of h) and the total adsorption rate constant (the value of
k) could be found with the initial pH-value decreasing from 5 to 2.

Diniz [32] discovered that all of the three nitrogen atoms on
the functional group of Dowex M-4195 would be protonated at
the lower pH values, and only one of the pyridyl nitrogens was
protonated in the middle pH values. Under the pH-value of 5, the
adsorption of Cu(Il) on Dowex M-4195 was dominated by ion ex-
change with protonated pyridyl nitrogens, so the adsorption rate

0.40
0364  M4195 Cu N
] = pH2 2
0.30 + pHs =
0.25
S 0.20
g
£ 0.154
S 0.0
_________ A
0.05
0.00- —— pseudo-second-order fit
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-0.05 T —
200 0 200 400 600 800 1000 1200 1400 1600

t(min)

Fig. 3. Effect of the adsorption time on the capacities for Cu(ll) adsorption by
Dowex M-4195.

Table 3
Adsorption kinetic parameters of Dowex M-4195.

Resin pH-Value Pseudo-first-order Pseudo-second-order
Q Ik 2 Q Kk h r?
Dowex M-4195 5 0.067 0.009 0.890 0.075 0.172 0.001 0.926
2 0.360 0.002 0.977 0.485 0.003 7 x 10~* 0.985

was more rapid. In addition, for more protons coexisted under
the pH-value of 2, ion exchange process was synchronously weak-
ened. Consequently, the adsorption process for Cu(Il) was domi-
nated by chelation, with the far slower adsorption rate.

3.3. Interaction mechanism

3.3.1. Interpretation of FT-IR analysis

The distinct interaction effects after Cu(Il) loaded on the solid
phase at different pH values were simultaneously displayed in
Fig. 1. The broad adsorption band near 3400 cm~! appeared, which
was probably due to the superposition of the adsorption of the
stretching vibrations of the functional groups [51]. The appearance
of the new peak at 1384 cm™' corresponded to the stretching
vibration of NO, in the NO; ions [20]. Due to the adsorption of
Cu(Il) on the resin by interacting with the nitrogen ligands, the
NO; groups would incorporate with the Cu(ll)-resin complex to
neutralize the positive charges introduced by the copper ion.
Hence, it was conceivable that NO; ions were synchronously ad-
sorbed onto Dowex M-4195 to neutralize the electrical charges
of the solid beads. The changes caused by the load of Cu(ll) at
the pH-value of 2 should be attributed to the coordination process
involving the pyridine groups and aliphatic amine groups. As for
pH-value of 5, such changes could not be observed obviously,
implying that ion exchange rather than coordination should be
predominant.

3.3.2. Interpretation of XPS analysis

The XPS spectra of Dowex M-4195 before and after loaded with
Cu(II) under different pH-values were displayed in Fig. 4. The N1s
core-level XPS spectra of the M4195 could be fitted by two peaks at
399.39 eV and 400.6 eV, which corresponded to the nitrogens in
the C=N group and C—N group, respectively [52,53]. Notably, the
new peaks at the BE of 400.09 eV and 399.19 eV, were not created
for pH 2 but for pH 5, and the shift for the latter could be negligible
with less than 0.05 eV, hence it could be indicated the nitrogens in
aliphatic and pyridine amine were not involved in the interaction
processes. Whereas, the obvious shift for pyridine nitrogen and ali-
phatic nitrogen at the pH-value of 2 were 0.18 eV and 0.63 eV. So,
at the lower pH-value of 2, the lone pair of electrons in the nitrogen
atom of the amine group could be donated to form a shared bond
between the atoms of Cu and N.

3.3.3. Theoretical investigation for metal complexes

3.3.3.1. Interaction modes. Under the temperature of 323 K and the
pH-value of 2, the adsorption capacity of Dowex M-4195 towards
Cu(II) was 2.140 mmol/g. Based on the content of nitrogen element
of 6.71 mmol/g, the mole ratio for N versus Cu(Il) was 3: 1. As
known to all, such heavy metals as Cu(Il) owned a maximum coor-
dinated number of six and may adopt octahedral complexing
arrangement. Since Cu(Il) with nine d-electrons (t2 g and e2 g) con-
stituted a classical regular octahedral geometry, the favorable ac-
tive sites for coordination should be the electron rich nitrogen
atoms [49]. As agreed with the FT-IR and XPS spectra, the nitrogen
atoms were concluded to be participated in the complexing pro-
cess. However, it could not be confirmed whether all the pyridine
nitrogen atoms were participated in the chelation interaction.
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Fig. 4. XPS analysis of Dowex M-4195 before and after loaded with Cu(II).

Considering the cases of one or two pyridine nitrogen atoms in-
volved, two possible configurations were presented in Scheme 2.
Under the temperature of 303 K and the pH-value of 5, the
adsorption capacity of Dowex M-4195 towards Cu(ll) was
0.796 mmol/g, half of that under the pH-value of 2. Thus, all of
the six nitrogen atoms were related to the interaction with only
one Cu ion in the former case. Compared to the condition of pH
2, the surface of the resin was partially protonated [54] and ion ex-
change was more likely to occur due to the less hydrogen inhibi-
tory [55] at the pH-value of 5. Additionally, there was no
evidence for chelation in FT-IR and XPS spectra. Consequently,

ion exchange took place between protonated hydrogen ions and
Cu ions [56]. It could be concluded that ion exchange mechanism
was dominant in the case of pH-value of 5, as was shown in
Scheme 3.

3.3.3.2. Chelation mechanisms. The geometric structure of the func-
tional group for Dowex M-4195 was optimized at B3LYP/6-
31+G(d) level of theory as shown in Fig. 5. Furthermore, the
optimized structures of possible resin-metal complexes were
depicted in Fig. 6. And the main structural parameters were
tabulated in Table 4.
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Fig. 5. The optimized structure of Dowex M-4195.

Geometrical changes of complexes were mainly due to the pres-
ence of metal ions, and differed according to their configuration
[57]. The coordinated atoms could exert remarkable influences
upon metal-chelator bonding and liability of other bonds within
a complex [49]. As could be found in Fig. 6, for COMPLEX (1), it
was tridentate and more stable because of the two five-member
ring structure. Whereas for COMPLEX (II), the five-member ring
structure was brokened, which was an indicative of a less stable
structure in a certain extent.

Comparing the two complexes with the primary chemical
groups, significant changes occurred not only in the bond lengths,

Polymer
£ »

Dowex M-4195-Cu COMPLEX (II)

Fig. 6. The complex structures of Cu(ll) coordinated with Dowex M-4195 after
optimization.
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Table 4
Selected optimized geometrical parameters of resin and complexes.

M-4195 Complex (I) Complex (II)
Bond length (A) N8—C7 1.470 N1—C6 1.491 N13—C10 1.502
N8—C9 1.470 N1—C6 1.491 N13—C15 1.490
Cu29—N1 2.037 Cu29—N27 1.968
Cu29—N27 1.930 Cu29—N13 2.068
Cu29—N28 1.929
Bond angle (°) C7—N8—C9 114.86 C6—N1—C3 119.50 C10—N13—C15 115.68
C5—C7—N8 111.19 C18—C6—N1 109.83 C2—C10—N13 112.16
N1—Cu29—N27 85.93
N1—Cu29—N28 85.92
Cu29—N27—C18 112.93 Cu29—N27—C2 110.38
Dihedral angle(®) N4—C5—C7—N8 102.92 N27—C18—C6—N1 27.04 N27—C2—C10—N13 -30.68
N8—C9—C10—N11 -102.97 N1—C3—C9—N28 -27.18 N13—C5—C18—N28 63.54
N27—Cu29—N1—N28 176.80

Fig. 7. Simulated sketch of COMPLEX (I) on solid matrix.

but also in the bond angles and dihedral angles, which displayed
the magnitude of asymmetric distortion. As could be seen from
Table 4, the interaction with metal ions led to the longer distance
between aliphatic amine and adjacent carbon atoms and the larger
bond angle in the optimized steady state.

As for the differences in COMPLEX (I) and COMPLEX (II), the
bond length in the range of 1.929-2.037 A for the former was a lit-
tle shorter than 1.968-2.068 A for the latter. Meanwhile, the
change in the bond angles of 4.64° for the former was far larger,
versus only 0.82° for the latter. Further, the binding energy for
COMPLEX (I) was —1982.2 KJ/mol, versus —1795.8 KJ/mol for COM-
PLEX (II), so the former was the minimum energy complex config-
uration. To add further relevance to the adsorption processes, the
solvent effect of water was estimated by the polarizable contin-
uum model. Results indicated that the existence of water produced
insignificant effect on the equilibrium geometries of the com-
plexes. The binding energy for COMPLEX (I) was —2588.7 KJ/mol,
versus —2428.5 KJ/mol for COMPLEX (II), so the former was still
the minimum energy complex configuration. Obviously, the pres-
ence of solvent did not change the order of binding energies.
Hence, COMPLEX (I) was confirmed more stable for its shorter
bond lengths, larger bond angle changes and lower binding energy.
Considering the shorter distance between metal ion and pyridine
nitrogen than aliphatic nitrogen, pyridine nitrogens could assu-
redly play significant roles in the processes tested. As a matter of
fact, pyridine N atoms were proved the electron donors with stron-
ger chelating ability by titrations in earlier literatures [58,59].

Combining the XPS application and DFT calculation, the domi-
nant and stable chelating interaction under pH-value of 2 involved
three nitrogen atoms of Dowex M-4195 and Cu(ll) [60-62].
Emphatically, the three-dimensional interaction at the active sites
in solid nanopores involving the coordinated pontes for COMPLEX
(I) were simulated in Fig. 7, which legibly revealed the tridentate
complex with two five-member ring structure.

4. Conclusion

Dowex M-4195 is a special resin which could be applied to re-
cover heavy metals from strong acidic media which maybe lead to

a potential and preponderant new method to recover heavy metals
from common strong acidic industrial wastewater without suffi-
cient neutralization pretreatment. The resin shows greater adsorp-
tion capacity and slower adsorption constant toward Cu(Il) at pH of
2 than that at pH of 5 which accords with different interaction
mechanisms. As for pH of 2, the physical and chemical character-
ization together with DFT prove that Cu(ll) and nitrogen atoms in
pyridine and aliphatic amine coordinate with a ratio of 1:1, but
for pH of 5, the main process is ion-exchange between the Cu(Il)
in solution and the protonated pyridine of the chelating resin Dow-
ex M-4195.
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