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Abstract:

The research includes the preparation of a new Schiff base ligand condensation of
(1-amino-2-naphthol-4-sulfonic acid with 4-methoxybenzaldehyde). And the reaction of
the product with some binary metal salts (Pd, Cu, Ni, Co) The Schiff base ligand and the
prepared complexes were identified using spectroscopic and analytical methods, includ-
ing FT-IR, proton nuclear magnetic resonance (1H-NMR), ultraviolet-visible (UV-Vis),
thermogravimetric analysis (TGA), mass spectrometry (GC-Mass), as well as elemental
decomposition (CHNS), measuring chlorine content, and atomic absorption of metallic el-
ements. Molar conductivity and magnetic susceptibility Which showed the general formula
of the complexes [M(L),(H,0),] while the general formula of the palladium complex is
[M(L),] and indicated the geometric shapes of a distorted octahedron, while the shape of a
planar square was suggested for the palladium complex. A study was conducted on the total
antioxidant content of the ligand and the prepared complexes as free radical inhibitors or
radical scavengers and showed activity as antioxidants compared to tannic acid and gallic
acid.

Keywords: 1-Amino-2-naphthol-4-sulfonic acid, 4-methoxybenzaldehyde, Schiff base,
ligand, antioxidant.
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Introduction

Schiff bases and their metal com-
plexes are an important class of com-
pounds due to their chemical activity,
chelating capacity, physical properties,
and numerous applications in sever-
al fields, most notably industry , due
to their azomethine (CH=N--) group
content. These compounds and their
metal complexes have shown promis-
ing applications in fields such as bio-
medicine ), magnetism @, solar cells
4 sensors, and biosensors “~). They are
also used 1n the oxidation or reduction
of organic compounds ©, as corrosion
inhibitors, and in many other catalyt-
ic applications - They are also used
as accelerators in rubber hardening ®
and as antioxidants. These properties
make Schiff base complexes useful in
various applications, particularly in the
pharmaceutical and fine chemical in-
dustries ©

Schiff bases prepared from the re-
action of aliphatic or aromatic amines
with aromatic aldehydes are character-
ized by a relatively high thermal sta-
bility. Schiff bases form colored com-
plexes with many transition metal ions,
so they constitute one of the selective

and sensitive methods for the qualita-
tive and quantitative determination of
metals 9, They were also used as ana-
lytical reagents in diagnosis and quan-
titative determination, in the manufac-
ture of selective electrodes for many
metal 1ons and the separation of com-
pounds containing carbonyl groups ‘),
and in various chromatographic anal-
ysis methods for measuring selectivity
and sensitivity ?, Schiff bases were
used in the extraction of metals
Complexes of Schiff bases with Cr(III)
were manufactured to be used as selec-
tive catalysts for opening the rings of
heterocyclic compounds such as aziri-
dine in organic reactions ¥

Schiff bases and their metal com-
plexes have attracted the attention of
researchers because of their potential
biological activity!">. The main focus
of their study is on identifying direct
therapeutic agents for a wide range of
bacterial infections, particularly for
Schiff-base complexes, because many
of these complexes can act as templates
of practical biological importance ¢
7 Although Schiff bases are useful
antibacterial agents, their complexes
have much higher antibacterial activity
than free ligands (®



215 ||

dudlyeoll deoolall - duyy Ul aulds - duoldellg dugu il Slwlysdl d oo
02025 Ul - clousdl pgle - phue CWWI sdanll - gguiiellg guo Bl saell

Materials and working methods

The chemicals and solvents used
in the preparation were of high purity
and from known sources, including
(B.D.H, Merck, Fluka). The melting
and dissociation points of the prepared
complexes were measured, using the
(Melting Point Advanced SMP30) de-
vice equipped by STUART Company.
The infrared spectra of the ligands and
prepared complexes were recorded us-
ing the (FT-IR-8400) device equipped
by SHIMADZU Company in the re-
gion between (4000-400). The ultra-
violet spectra were measured using
the UV-6100PC DOUBLE BEAM
Spectrophotometer (EMC LAB) UV
at a temperature of Temperature (25°C)
with a concentration of (10~) molar
and using (DMSO) as a solvent within
the range (190-1100nm), the '"H-NMR
spectra of the ligand dissolved in (DM-
SO-d6) were measured using a model
ultra-shield device at 300 MHZ, Mass
spectra of ligands and complexes were
recorded using a GCMS-QP2010SE:
Shimadzu Spectrometer. the (TGA)
thermogravimetric decomposition
curves were recorded using a STA de-
vice (LINSESS PT -1000) at a rate of
10 min-1 using an alumina bowl, the

precise analysis of the elements, the
percentage of metal and the chlorine
content were measured using EuroVec-
tor, model EA 3000 devices (single
V.3.0single) Shimadzu Atomic Ab-
sorption / (Flame Emission spectro-
photometer (A.A-160) ((Tritroproces-
sor (Metrohm) 686 In order, the molar
electrical conductivity of the prepared
complexes was measured using di-
methyl sulfoxide (DMSO) solvent at
laboratory temperature (25°C) with a
concentration of (107), using the de-
vice (P-SELECTA CONDUCTIVITY
METER (CD-2005), the Gram mag-
netic susceptibility was measured at a
temperature of (25°C) for the prepared
complexes in the and using the Mag-
netic Susceptibility Balance Mode
(MSB - MKI) device, as the Faraday
method was relied upon.

Working methods

1) Preparation of ligand (L)®*'”

3-hydroxy-4-((4-methoxyben-
zylidene)amino)naphthalene-1-sul-
fonic acid

The ligand was prepared by dis-
solving (0.608mL, S5Smmole) of (4-Me-
thoxybenzaldehyde) in the smallest
amount of absolute ethanol and adding
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(5 drops) of glacial acetic acid (CH-
;,COOH) in a round flask with a capac-
ity of (100 mL), and adding to it grad-
ually with continuous stirring (1.196g,
5 mmole of I-amino-2naphthol-4-sul-
fonic acid dissolved in 30 mL of hot ab-
solute ethanol, then leaving the mixture
for the reflux process for 12 hours at

80°C 1n a water bath, then placing the
reaction flask. In an ice bath for several
minutes, then the precipitate was filtered
and left to dry and washed with ethanol,
which gave a brown precipitate weigh-
ing (1.45 g) and a percentage of (81%)
and its melting point (273-275°C) as
shown in the diagram (1)

HSCO O
+ E Ethenol HaCO
—OH ———— =
/O HzN O B reflux N
12 hrs. =
HO

Scheme (1) Preparation of the ligand (L)

2) Preparation of the cobalt com-
plex of the ligand L [Co(L),(H,0),]
@1

The complex was prepared by dis-
solving (0.2g, 0.56mmole) of the ligand
(L) in (10mL) of absolute ethanol, then
adding (0.023g) of sodium hydroxide
(NaOH)dissolved in (10mL) of distilled
water. Then( 0.066g, 0.28mmole) of
CoCl,.6H,0 dissolved in (10mL) of
ethanol was gradually added with con-
tinuous stirring in a round-bottomed
flask with a capacity of (100mL). The
mixture was left to reflux for

(4 hrs) at (80°C). The solution was
then filtered after cooling by placing
it in an ice bath. The precipitate was

then dried and washed with ethanol. Its
weight was (0.25g) at a percentage of
(55%) and a melting point of (317) dec
as shown in the diagram (2)..

3) Preparation of complexes for
ligand (L) of metal (II) ions (Pd, Cu,
Ni):

These complexes for ligand (L)
were prepared using the method men-
tioned in the same paragraph (2). Table
(1) shows the quantities of metals used
in preparing the complexes, the mo-
lecular formulas of the prepared com-
plexes, their weights, the percentage of
the resulting complex, their colors, and
some of their physical properties.
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M= Co(Il) Ni(I) ; x=6 PdCl,
M= Cu(ll) ; x=2

ot |

7

Nl T

z C/ \'\//\@OCHs ‘\'\/\QOC'—|3
o o O
et el

M= Co(II),Ni(II), Cu(II), Zn(II)

Scheme (2) Preparation of ligand (L) complexes with binary metal salts

4). Total Antioxidant Capacity *?

The effectiveness of the prepared
complexes was estimated (ex vivo),
showing that the increased absorbance
of the resulting color indicates the total
antioxidant capacity of the complex,
which is measured spectrophotometri-
cally at 695 nm. The following method
was used:

o Sample preparation:- The sam-
ple was prepared at a concentration
of 100 pg/mL for all prepared com-
pounds.

0 Solutions used

1) Working solution: Consisting of
a 4 mmol ammonium molybdate solu-

tion and a 28 mmol sodium phosphate
solution dissolved in a 600 mmol sul-
furic acid solution.

2) Working method:

* 3 cm’® of the working solution was
taken and mixed with 1 cm?® of the sam-
ple.

 The tubes were covered with alu-
minum foil and incubated in a water
bath at 95°C for 90 minutes.

» The tubes were cooled to labora-
tory temperature, and the absorbance
was measured at 695 nm after zeroing
on the equivalent representing the sol-
vent used.
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Table (1) Some physical properties, weight of raw materials,
and percentage of prepared complexes
. Empirical .
No. | Compound | Weight (g) Color M.PC° | Yield %
formula
L 0.2 C H . NO.S brown 273-275 81
Dark
CoCl, .6H,O 0.066 [CoL,(H,0),] b 317 dec 55
rown
NiCl ,.6H ) Dark
0.066 [NiL ,(H,O ,] 2 98-301 62
,0 green
Light
CuCl, 2H,0 0.047 [CuL,(H,0),] <390 65
' orange
PdCl 0.049 [Pd(L),] brown 349-351 62

dec. = decomposition Results and Discussion

1. Infrared Spectra of the Ligand
and Schiff Base Complexes (L)

The infrared spectrum of the pre-
pared ligand showed a new band, at-
tributed to the azomethine group
(C=N), with a strong intensity at po-
sition (1639 cm™) ¥ This is evidence
of the formation of Schiff base ¥ as
a result of the disappearance of the al-
dehyde (C=0)v® group and the ami-
no v(NH,) group. A sharp, strong band
appeared at wavenumber (3225 cm™)
due to the stretching frequency of the
v(OH) group. The remaining bands
retained their normal positions with a
slight change in their ranges, as shown
in Table (2) and Figure (1) The pre-
pared complexes were characterized by

comparing them with the spectrum of
the prepared ligand (L), as some bands
were shifted with a change in their
shape and intensity and the appearance
of other new bands. The infrared spec-
tra of the prepared complexes showed a
strongly intense absorption band with-
in the range (1651-1612) cm™ due to
the stretching frequency of the azome-
thine group v(C=N) which was shifted
to lower or higher frequencies and with
greater intensity for the complexes of
Pd(1l), Cu(Il), Ni(Il), Co(Il)) com-
pared to the same band in the spectrum
of the ligand and appeared at position
(1639 cm™). The shift of the stretching
frequency of the v(C=N) group and the
change in the shape and intensity of the
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band confirms the occurrence of coor-
dination between the metal ion and the
ligand through the nitrogen atom N
between the metal ion and the ligand
through the nitrogen atom N( 2¢

The stretching frequency of the C-O
group (v) also suffered a shift towards
lower frequencies for all complexes
within the range 1145-1126 cm™ when
compared to the location of the same
band in the ligand spectrum at 1188 cm
!, with a change in the shape and inten-
sity of the band in the complex spectra.
This supports the occurrence of coor-
dination between the metal ion and the
ligand via the phenoxide oxygen atom
@7,. The prepared complexes Pd(II),
Cu(II), Ni(II), Co(IT)) showed two new

bands, the first in the range 540-505
cm™)) attributed to the stretching fre-
quency of the M-N bond (v), while the
other band appeared in the range 466-
432 cm™ attributed to the stretching
frequency of the M-O bond (v), which
confirms the coordination between the
metal ion and the nitrogen and oxy-
gen atoms, respectively @®. As for the
bands that appeared in the range 810-
833 cm! and 910-952 cm! ?°» they are
due to the coordination water, except
for the palladium complex. The table
shows: (2) Figures (2) and (3) show the
positions of the main absorption bands
of the infrared spectrum of the ligand
and some of the prepared complexes.

Figure (1) Infrared spectrum of the Schiff ligand L
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2. 'H NMR spectrum of the pre-
= g ,E g o pared ligand (L)
Sl | S |= | | £ The 'H NMR spectrum of the ligand
= = S : . .
g % % % E_ (L) in the deuterium-substituted DM-
O SO-d6 solvent (Figure (4)) showed a
signal at position (0 2.5 ppm) attributed
ww
gl g g g S 5 % g to the protons of the solvent (DMSO),
S~ e | > | = 5% & | & andfivesingle signals at positions §H =
= (9.87,9.37,8.61,7.71, 3.86) ppm. The
> 3 o N 3 'ca ?p first is attributed to the proton of the
[\ ) — () p— O o
E E 2|2 |2 2 ¢ methyl carbon atom (CH,), the second
% is attributed to the proton of the car-
IR RS g % % bon atom of the naphthalene ring, the
2 8 2222228 | B 1 :
S|z 283333 & o| S thirdisattributed to the proton of the
= ~ NN N e NN N e
S carbon atom of the isomethene group
a
—| = _ _ — . o (N=C-H), the fourth is attributed to the
2 ,§ = % g E proton of the sulfonate (OH) group,
) z | = = @ : :
= = g and the fifth is attributed to the proton
(@]
o |lo |eo g of the (OH) group of the naphthalene.
— (O —
,§ ® § R ,4§ W Z § & The spectrum showed two double sig-
! N— s AN N 1 = .. .
| % § o0 § o0 %3 = ’g o °§ nals at positions 6.80 and 7.05 attribut-
i i - = £ 2 ed to the protons of the ring. Vinyl,
e and the spectrum showed two binary
s 2|3 s | = | = § signals at positions 7.32 and 7.99 and
& 9! o . . i
§ *;2 ’§ ; = | Z g two triple signals at positions 7.77 and
@ 7.91, which are due to the protons of
g E E é : 2 the second naphthalene ring ¢*
58|82 |2
I N ~ ~ —_
N D & W
22 2|2 5
SIRCE RONEC) €




Antioxidant of new Schiff base complexes (NO) derived from (1-amino-2-naphthol-4-sulfonic acid
and 4-methoxybenzaldehyde) ................. Muna Ahmed shakir , Malath Khalaf Rasheed , Wurood Ali Jaafar

|| 222

HOURA, BHREDSHAERLL 105
L

i e ————

B BSERERFZRRRRANEEEE 3
i T T T

Figure (4) 1H-NMR spectrum of the prepared Schiff base ligand L
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3. UV-Vis Spectra of the Ligand
and Schiff Base Complexes (L)

The UV-Vis spectrum of the pre-
pared ligand (L) in Figure (5) showed
two absorption peaks. The first peak
was highly intense at 209 nm, result-
ing from the (m—n*) electronic tran-
sition. The second peak was of medi-
um intensity at 257 nm, resulting from
the (n—n*) electronic transition GV, as
shown in Table 3. The complex spectra
were as follows:

- The electronic spectrum of the Co-
balt(IT) complex showed three absorp-
tion peaks at wavelengths (228, 248,

and 349 nm), attributed to the intra-li-
gand electronic transition. The spec-
trum showed two absorption peaks
at wavelengths (740 and 812 nm), at-
tributed to the (d—d) electronic tran-
sitions of the type. “T1g(,)— *T1 g(,)
and ((*T1g(,) — *A_g(,) respectively,
which is consistent with what is stated
in the literature ©?

- The electronic spectrum of the
nickel (I) complex Ni showed three
absorption peaks at wavelengths of{(
482, 349, and 236 nm) which are at-
tributed to intra-ligand transitions, and
the spectrum showed absorption peaks
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at wavelengths of (855, 834 nm) which
are attributed to electronic transiti ons
(d—d) type *A,g()— T g(,) “A,g()—
°T g(,) respectively, which is consis-
tent with what is stated in the litera-
ture for the spectra of octahedral nickel
(II) complexes ©¥.

- The electronic spectrum of the
copper (II) complex Cu showed three
absorption peaks at wavelengths of
(369, 223 nm), which are attributed to
the intra-ligand electron transition. The
spectrum also showed three absorption
peaks at wavelengths of 811, 740 nm,
which are attributed to the (d—d) elec-
tron transitions of type (°B,g—’Eg),
(°B,g—?A g), respectively. This is con-
sistent with what was reported in the

literature ©,

- The electronic spectrum of the
Pd(II) complex showed three absorp-
tion peaks at wavelengths of( 346,
289, and 223 nm), which are attribut-
ed to the intra-ligand electron transi-
tion. The peak at wavelength (420 nm)
is attributed to the C.T.M—L charge
transfer spectrum. The spectrum also
showed an absorption peak At a wave-
length of( 729 nm), which is due to
electronic transitions (d—d) of type
('A,g— 'Ag), and this is consistent
with what was stated in the literature
for the spectra of square-planar palla-
dium (II) complexes ©»- Figures (5-7)
show the ultraviolet-visible spectra of
the ligand and some complexes.

DATA PROCESSING Y/N 7

+2 .88 T

)

1y

=S
=

+B . 084

28@.8

Figure (5) UV-vis spectrum of the Schiff base ligand (L

: e MK
1880 .8CHM DIV . 18688 .8
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Figure (6) UV-vis spectrum of the complex [[Ni(L)2(H20)2

DATA PROCESSIHG YN 7
+Elaaﬁ T ¥ # 1 # 1 j +

=5
Lo 5
"

e

i

+B.008A . : : : — . e
200 .08 188 .8CNM/DIV. ) 1060,

Figure7 UV- - vis spectrum of the compl [Cu(L) ,(H,O),
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4. Thermogravimetric Analysis of
the Prepared Ligand and Complex-
es:

The
technique 1s a unique technique used to
study the thermal behavior and stabili-
ty of the compound. It is characterized

thermogravimetric  analysis

by its unaffected by air, indicating its
thermal stability ©%:

1.4 Thermal Decomposition of the
Schiff Base Ligand (L)

The thermal study of the prepared li-
gand (L) (C ;H NO.S) was conducted
by thermogravimetric analysis (TGA)
In an oxygen-containing atmosphere
at a temperature of 10°C min-1 and a
sample weight of 13.51 mg, as shown

in Figure (8). The TGA curve of the
ligand showed that it undergoes two
stages of weight loss:

- The first stage: in the temperature
range 395-199°C, resulting in the loss
of the C, H,SO, segment at a rate of
57.18%, i.e. (obs. = 7.71 mg, calc. =
7.73 mg).

- The second stage: At temperatures
between 571 and 402°C, the (CH-
oNO,) segment is lost by 35.94% (Obs.
= 4.83 mg, Calc. = 4.85 mg).

The remaining ligand, observed at
temperatures above 571°C, reverts to
the (C,H,0) segment (Obs. = 0.94 mg,
Calc. = 0.95 mg)

Start 7.63min |
\
19980C |

End 1554min '\\
8000 |- 39560C |

Weight Loss -8.183mg \

70.00

Name: L1-Ma
Weight: 13.518 mg
Heating: 10 C/min
Atmosphere: air

60.00

-57.188% \

Start 15.82min
402.54C
End 22.55min

571.13C
\ Weight Loss
-

.
s

-3.057mg
-35.042%

S
e

L I i
-0.00 50.00 100.00

| I L L
150.00 200.00 250.00 300.00 350.00
Temp [C]

Figure (8) Thermal breakdown of the Schiff base ligand L

I I L I I
400.00 450.00 500.00 550.00 600.00
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4. Thermogravimetric decompo-
sition of the complex [Cu(L),(H,0),]

The thermal study of the complex
CuC, H,N.O_S, was carried out at
a temperature of (10°C min') with a
weight of (15.97 mg) of the sample, as
shown in Figure (9). The TGA curve
of the complex showed that it went
through three stages of weight loss:

- Stage 1: In the temperature range
228.6-73.4°C, the loss of the (C H-
S0,, CN) segment was 28.7% (obs. =
4.58 mg, calc. = 4.59 mg)

- Stage 2: In the temperature range

348.8-236.8°C, the loss of the (C_H,O,
OH, 2H,0, SO, H,C O) segment was
30.9% (obs. = 4.93 mg, calc. = 4.94
mg)

- Stage 3: In the temperature range
506°C, the loss of the (C.HN, C H,,
O,) segment was 30.9% (obs. = 4.93
mg, calc. =4.94 mg) Atarate of 22.1%,
1.e. (obs. = 3.53 mg, calc. = 3.54 mg).

The remaining part of the complex
is the (C,CuO) segment, at a rate of
18.6%, i.e. (obs. = 2.97 mg, calc. =

2.98 mg).

TGA
%
WM Ear ~ 0 oaohee
-
7346C
End 8.95min 5
: \‘\
9000 L 228.62C \
Weight Loss -6.337mg “-\
-28.743% 5
\
| \
80.00 I y

7000 F Start 'ézir:;'z
r 238
L et

Name: L1-Cu-MA s
Weight: 15.975 mg End
Heating: 10 C/min

B0.00 - Atmosphere: air

13.75m in“\\
348.83C

~
e

Weight Loss -6.290mg -
-30.960% T -
Start 1545min
| 0.00C ™\
— L b
5000 End 2215min
50675C
L
Weight Loss -5.478mg
[ -22.136%
4OGU -I i ¢ T 1T i 1 i L i | i il i i i i I - 'S | - i | | i
-0.00 50.00 100.00 150,00 200.00 250.00 300.00 350.00 40000 450,00 500.00 550.00
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Figure (9) Thermal breakdown spectrum of the complex [Cu(L),(H,0),]
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5-Mass spectra of the ligand and
some of the prepared complexes:

The mass spectrum of the prepared
ligand (L), shown in Figure (10),
showed a signal at m/z = 357, corre-
sponding to the formula (C H NO.S),
which indicates the molecular weight

identifying the molecular ion peak of
the prepared compound and the main
peak, in addition to some fragment
peaks generated from the fission of
the molecule after its ionization. Dia-
gram (3) illustrates the mechanism of
the mass fragmentation of the prepared

of the ligand. This was achieved by ligand.
Extracted spectrum (.99 mia)
- '
15
M m
H.
1 M w
0 " .
pLY 5 13 I 2
" w Y
44 1% ;
L0 | LT
TR R E N
Figure (10) Mass spectrum of the Schiff base ligand (L1)
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Scheme (3) Proposed pathways for the fragmentation of the Schiff base ligand L

While the mass spectrum of the which shows the molecular weight of
complex [Pd(L), ] shown in Figure (11)  the complex and the diagrams( 4) illus-
showed a signal at (m/z=819) that be- trate the mechanism of the mass frag-

longs to the formula PAC, H, N.O S))) mentation of the palladium complex.
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Figure (11) Mass spectrum of the complex [Pd(L), ]
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Scheme (4) Proposed pathways for the fragmentation of the complex [Pd(L),]
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6. Molar Conductivity, Magnetic
Susceptibility, and Elemental Micro-
analysis

Molar conductivity measurements
determine the ionic character of com-
plexes in solution to determine wheth-
er they are neutral, 1onic conductivity,
or weak conductivity ®*. Determining
the value of the molar conductivity of
a complex depends on the number of
ions it releases. The greater the number
of'ions released by the complex into the
solution, the greater the electrical con-
ductivity value. If the conductivity is
low, it means that the complex released
few ions ©®, The molar conductivity of
complexes was measured by preparing
solutions with a concentration of (107
M) in DMSO at 298 K. Comparing the
molar conductivity values in the litera-
ture ©7 reveals that the prepared com-
plexes were non-electrolytic (neutral).

Magnetic measurements, howev-
er, focus on the effects resulting from
partially filled outer shells ©®. This
represents the most important indi-
cator in providing information about
the compound, its electronic arrange-
ment, and its state. The oxidation state
of transition metal atoms. Determin-
ing the number of unpaired electrons
of the metal ion indicates whether the
complex under study has a high spin

state or a low spin state. This then de-
termines the hybridization type of the
central atom and determines the geo-
metric shape of the complex®?
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Total antioxidant content

Free radicals play an important
role in the treatment of inflammatory
diseases. Many complexes have been
used as free radical inhibitors or radi-
cal scavengers. The ligand and its met-
al complexes exhibit antioxidant activ-
ity, and the prepared compounds have
been used to treat diseases resulting
from oxidative stress “9 (

The antioxidant activity of the li-
gand and the prepared complexes was
evaluated by studying radical scaveng-
ing compared to tannic acid and gallic
acid. The results obtained show that
the absorbance increases with increas-
ing concentration, which gives them
antioxidant activity, as shown in Table
and Figure (12), which illustrates the
behavior of the prepared complexes as
antioxidants.

Absorbance at 650 nm

ol

| T T T

L L-Co L-Mi L-Cu

Total Antioxioxidant Capacity

Figure (12) Behavior of the ligand (L) and its prepared complexes
as antioxidants compared to tannic acid and gallic acid..

HL

N -Co
L-Mi

W -Cu

BL-Pd

B Gallic acid
- ™

Gallic
acid

B Tannic acid
L-Pd Tannic

acid
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