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Spectrophotometric Determination of Reducing Drugs (Ascorbic
Acid, Potassium Antimonyl Tartrate, Isonicotinic Acid
Hydrazide) with Bis(2,4-diaminophenyl)phosphonate-KIOs

Jung-Hyun Suh and Sang-Kyu Kam
College of Pharmacy, Pusan National University, Kumjong-Gu, Pusan, 609-735, Korea

Abstract— Aqueous solution of bis(2,4-diaminophenyl)phosphonate(APP) was very stable, especially

below pH 2.0 and the red-color compound formed by the reaction of APP and 03 was stable at room tem-
perature.

A simple and rapid spectrophotometric method for the determination of ascorbic acid, potassium an-
timonyl tartrate (PAT), and isonicotinic acid hydrazide (INAH) was established by the reaction of I05 and
these reducing drugs, and the absorbance measurements were made at 500 nm. In the reaction of I05™ and
each of the reducing drugs, the conditions of pH were suitable below 2.5 for ascorbic acid, below 2.0 for
PAT, and below 1.5 for INAH. Beer’s law did hold in the range of 17.6~1549.9 ug for ascorbic acid, 33.4
~2871.8ug for PAT,and 6.9 ~548.6 ug for INAH. Many common ingredients present in pharmaceutical
dosage forms did not interfere. The average recoveries for ascorbic acid and INAH in pharmaceutical for-

mulations were 99.8 -100.3 + 0.2~0.4%, 99.8 + 0.3%, respectively.

Keywords[] Reducing drugs, UV/Vis spectrophotometric determination, bis(2,4-diaminophenyl) pho-

sphonate, iodation.
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Table I — Compositions of various buffer solutions.

pH Components
0.5- 2.0 KCl+HCl
2.5 CsH(COOH)COOK +HCI
3.0- 5.0 1M AcOH+1M AcONa
55- 7.0 0.2 M KH,PO4+0.2 M Na,HPO,
8.0-11.0 1M NH,OH+1M NH,Cl}
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Fig. 1— Stabilities of 0.1 w/v% APP aqueous solutions as
a function of time
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Fig. 2—Absorption spectra of color compound formed by

the reaction of 105~ (4 x 10-5M) and APP (7.28 x
10-5M) at various pH values.
Curves of No. 1, 2, 3, 4, 5, and 6 were obtained
from pH1 (A, Abs: 500 nm, 0.450), pH 3
( Amazr Abs: 493 nm, 0.421), pH 5 (A, Abs:
485 nm, 0.305), pH 7 ( A,z Abs: 485 nm, 0.380),
PH9 (A,ugp Abs: 450 nm, 0.270), and pH 11
( Apaws Abs: 435 nm, 0.283), respectively.
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Fig. 3— Absorption spectra of APP solutions (7.28x
10-5M) at various pH values.
Curves of No. 1, 2, 8, 4, and 5 were obtained from
pH 2, pH 5 (A,,q,, Abs: 485 nm, 0.028), pH 7
( Amaz» Abs: 485 nm, 0.377), pH 9 ( A0 Abs:
450 nm, 0.273), and pH 11(A ,,,,, Abs: 435 nm,
0.280), respectively.
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Fig. 4—Effect of standing time on the absorbance of co-
lor compound formed by the reaction of 103~
(4x10-5M) and APP (7.28x10-5M) at 500 nm
and pH 1.0. The maximum color intensity was ob-
tained after 10 min. and was unchanged after
2 hrs. at room temperature.
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Fig. 5 —Effect of APP concentration on the absorbance
of color compound formed by the reaction of
103~ (4x10-5M) and APP at 500 nm and
pH 1.0. The maximum absorbance was obtained
at the same concentration of 103~ and APP.
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Fig. 6 —Calibration curve of 105~ at 500 nm and pH 1.0.
Beer’s law did hold in the range of 3.43x10-6M
~1.2x10-4M of 10,5~
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Table 11— Effect of pH on the reaction of 104~ and each
.of reducing drugs (ascorbic acid, PAT, and
INAH).

*Aborbance (500 nm)

pH Buffer added Ascorbic

acid PAT INAH
0.5 HCI+KCl 0710  0.712 0.716
1.0 HCl+KCl 0712 0.713 0.715
1.5 HCl+KCl 0.711 0711 0.714
1.8 HCI+KCl 0712 0.710 0.552
2.0 HCl+KCl 0.710 0711 0.352
2.5 CgHyCOOHYCOOK +HCl 0.709 0454 0.290
3.0 1M AcOH+1M AcONa 0.658  0.308 0.278
35 1M AcOH+1M AcONa 0.626  0.264 0.250
40 1M AcOH+1M AcONa 0593 0136 0.138
50 1M AcOH+1M AcONa 0.454  0.086 0.100

55 02M KH,PO,+02M Na,HPO, 0388  0.050 0.017
60 02M KHoPO,+02M NapHPO,  0.199  0.006 0.002

* Absorbance was obtained by the subtraction of the ab-
sorbance of color compound formed by the reaction of
1047 (1.2 x 10-4M), each of reducing drugs (ascorbic acid,
PAT, and INAH), and APP (2.18 x 10-4M) from that of co-
lor compound formed by the reaction of I037(1.2 x 10-4M)
and APP (2.18x10~4M) (blank).
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Table III — Effect of some kinds of acids and their con-
centrations on the reaction of 103~ and each
of reducing drugs (ascorbic acid, PAT, and

INAH).
c . *Absorbance (500 nm)
Add TR Aseorbe par 1nam
acid
Hydrochloric 0.01 0.708 0.712 0.360
acid 0.03 0.710  0.710 0.658
0.05 0.711 0.711 0.715
0.1 0.709  0.709 0.713
0.3 0712 0.712 0.713
0.5 0.710  0.709 0.714
1.0 0.712  0.710 0.713
2.0 0.558 0.538 0.488
Sulfuric 0.01 0.712  0.713 0.360
acid 0.03 0.710  0.712 0.642
0.05 0711 0.709 0.713
0.1 0.709  0.712 0.716
0.3 0.712  0.712 0.714
0.5 0.710  0.709 0.713
1.0 0.711  0.710 0.712
2.0 0549  0.539 0.472
Phosphoric 0.01 0.714 0.680 0.289
acid 0.03 0.713  0.709 0.424
005 0710 0.712 0.519
0.1 0.709  0.710 0.620
0.3 0712 0.712 0.712
0.5 0713 0709 0.710
1.0 0.710  0.712 0.712
2.0 0712 0.710 0.709
3.0 0.710  0.712 0.713

* Absorbance was obtained by the subtraction of the ab-
sorbance of color compound formed by the reaction of
1057(1.2 x 10-4M), each of reducing drugs (ascorbic acid,
PAT and INAH), and APP (2.18 x 10-4M) from that of co-
lor compound formed by the reaction of I037(1.2 x 10-4M)
and APP (2.18x 10-4M) (blank).

2388 FF5r}t s}, o AL &
=71 U5 Eol APP AlshAAQl AA 53 E o]
k] wiFolzl Al R webd B AHepye
A-gol A ukgo] So|3A dolde U 4 g,
Bh2H] 10,2} ascorbic acid, PAT = INAH

of

Table 1V — Effect of standing time on the reaction of
103~ and each of reducing drugs (ascorbic
acid, PAT, and INAH).

* Absorbance (500 nm)

Time (min)

Ascorbic acid PAT INAH

5 0.712 0.712 0.709

10 0.713 0.710 0.710

20 0.712 0.713 0.712

30 0.710 0.712 0.713

40 0.712 0.714 0.712

50 0.710 0.712 0.710

60 0.713 0.713 0.715

*Absorbance was obtained by the subtraction of the ab-
sorbance of color compound formed by the reaction of
1037(1.2x 10-4M), each of reducing drugs (ascorbic acid,
PAT, and INAH), and APP (2.18 x 10-4M) from that of co-
lor compound formed by the reaction of I03~(1.2x 10-4M)
and APP (2.18x 10-4M) (blank).

Table V— Effect of temperature on the reaction of 103~
and each of reducing drugs (ascorbic acid, PAT,

and INAH).
Time (°C) ‘.’Abs.orbance (500 nm)

Ascorbic acid PAT INAH

5 0.712 0.712 0.713

20 0.713 0.714 0.712

30 0.713 0.713 0.713

40 0.713 0.712 0.712

45 0.713 0.714 0.711

50 0.712 0.713 0.712

60 0.703 0.699 0.704

* Absorbance was obtained by the subtraction of the ab-
sorbance of color compound formed by the reaction of
105~(1.2x 10~ 4M), each of reducing drugs (ascorbic acid,
PAT and INAH), and APP (2.18 x 10-4M) from that of co-
lor compound formed by the reaction of I03~(1.2 x 10-4M)
and APP (2.18 x10-4M) (blank).

ote] ubHlE 2 E3)y] Aste] 10°M 10,~ 1.5
m/ o A3l Akl w2l acorbic acid, PAT
2 INAH 9 555 #H3lAA 71 3= 24
g A= Fig. 7% 2ok, Fig, 704 & 4 Y+ b
9} zro] 10, ascorbic acid & PAT 9= 1:3
o2 "-83lw, INAH 9= 2: 322 ukg3hg o

2= 0 3,5,8,13,14,16,17,
T At )
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Mole ratio of reducing drugs

Fig. 7—Mole ratio method for the reaction of 105~ (6 x
10-5M) and each of reducing drugs (ascorbic
acid, PAT, and INAH). * Absorbance was obtain-
ed by the subtraction of the absorbance of color
compound formed by the reaction of 103~
(6x10-5M), each of reducing drugs (ascorbic
acid, PAT, and INAH), and APP (2.18 x 10-4M)
from that of color compound formed by the reac-
tion of 103~ (6x10-5M) and APP (2.18x 10~4M)
(blank) at 500 nm.

Key: 0—0, [Ascorbic acid)/[IO37]; a—a , [PAT]
/1057 ]; o—0, {INAH)/[1057).

webA] 10,79} ascorbic acid, PAT % INAH
oo] pehubgA]e g3} 2k Ao g ApgHe,

10,-+3CsH 05— I-+3C;HsO¢+3H,0

10,-+3PAT (Sb?**)— I-+3PAT (Sb*+)

210,-+3C;H,NCONHNH,+6H,0 —=2I-+3Cs
H,NCOOH+3N,+9H,0

M| FHM—Aehiol ulefd] FAIH A do
A FFE2HEH A LS Thele] L FH=E
et 243 7Askde Fig 8% 2th, Ascorbic
acid, PAT 3 INAHS| Aahd9: 72 17.6
~1549, 9 ug, 33.4~2871.8ug, 6.9~548, 6 ug )
R, ATAGE 77 0,999, 0,999, 0,998°|%)
o}, wEA wjEkelA vlad gl FEwrkx] A
ol 7hgsld et

SEEE2] Ys—Ascorbic acid, PAT %
INAH ¢ H3ol vl TEEH] 93s HEes)
7] $18ked 792.6 ug 9] ascorbic acidell organic

Vol. 34, No. 1, 1990

Table VI — Effect of foreign substances on the determina-
tion of ascorbic acid.

Ascorbic acid, ug

Substances added, ug Recovery, %
Added *Found

Citric acid 20,000 792.6 794.2 100.2+0.1
Maleic acid 20,000 792.6 794.2 100.2+0.2
Suceinic acid 20,000 792.6 791.8 99.9+0.2
Tartaric acid 20,000 792.6 791.8 99.9+0.1
Glutaric acid 20,000 792.6 792.6 100.0+£0.2
Lactic acid 20,000 792.6 793.4 100.1+0.2
Malonic acid 15,000 792.6 791.8 99.9+0.1
20,000 792.6 804.5 101.5+0.2
Oxalic acid 20,000 792.6 791.8 99.9+0.1
Thiamine HC] 10,000 792.6  792.6 100.0+0.2
20,000 792.6 798.9 100.8+0.1
Riboflavin 50 1792.6 788.6 99.5+0.2
100 792.6 770.4 97.2+0.3
Nicotinamide 10,000 792.6 791.8 99.9+0.2
20,000 792.6 796.6 100.5+0.3
Pyridoxine HCI 20,000 7926  792.6 100.0+0.2
Biotin 10,000 792.6  791.0 99.8+0.2
L-Aspartic acid 20,000 792.6  792.6 100.0+0.2
L-Glutamine 20,000 792.6 791.8 99.9+0.2
L-Histidine 20,000 792.6 793.4 100.1+0.3
L-Phenylalanine 20,000 792.6 791.8 99.9+0.2
L-Vaiine 20,000 792.6 793.4 100.1+£0.2
L-Leucine 10,000 792.6 794.2 100.2+0.2
20,000 792.6 798.9 100.8+0.1
DL-Methionine 10 7926  795.8 100.4+40.2
50 792.6 831.4 104.9+0.4
100 7926  887.7 112.0+0.6
Starch 50,000 792.6 791.8 99.9+0.2
Lactose 50,000 792.6 791.8 99.94+0.1

*Mean value of three determinations

acids, vitamins, amino acids % FF A2 A&
5] starch, lactose ¥AEAL, 1502, 7 ug 2l
PAT ol F719% @ starch, lactose AAeERL-,
8|3 308.6 g Sl INAHO| 3, AlA| Fof
%38 4 9+ pyridoxine-HCl % starch,
lactose UAFHE Hrlste] Hapdol ey &34
L E Z3A35le] ascorbic acid, PAT % INAH &
A4t A= Table VI~VIl?} 2tk Table VIoj
o 4= & vkel o] ascorbic acid A #ollAl

2
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Sample amount, ¢ g

Fig. 8 —Calibration curves of ascorbic acid, PAT, and
INAH.
* Absorbance was obtained by the subtration of
the absorbance of color compound formed by the
reaction of 103~ (1.2x10-4M), each of reduc-
ing drugs (ascorbic acid, PAT and INAH), and
APP (2.18x10-4M) from that of color com-
pound formed by the reaction of 103~
(1.2x10-4M) and APP (2.18x 10-4M) (blank)
at 500 nm.
Key: 0—0 , Ascorbic
O—0, INAH .

acid; a—a , PAT;

+ organic acids, amino acids, vitamins ¥
HAZ o FEIIE JEL v|HA] gont
amino acids % methionine-& += F¢ S}
10,70l 93 Aslsloz FF=d P 71E A
2 AL8E 1, 2 vitamins ¥ riboflavin & 7% &
of Z#d 3ZA4E Jebll= isoalloxazine ring
system Woll FREE S/ AoE Algd
t}, *0 Table VIOlA & 4~ 9+ vlke} Zo], PAT
9] Aol oiFEe] F719% 9 starch,
lactose 5°| FEIAE J3FE v|HA] ghort A
3t A]89l Cu?t, Crét, V5 5 43 TE3)9
= §F3=F 3A 74 Table Vel & 4
A+ uwiel zo], INAHS AgoA: 34
o}, 4791128 poridoxine-HCl & starch, lactose
oo W FEslAE obfE WS vHA ¢§e-L
o4 4 A

EEANRO ot SFAIE—L Jepd & Asz
U= AAlel 8-8-317] As}ed, ascorbic acid 500

Table VII — Effect of foreign substance on the determina-

tion of PAT.
Ton Substances added, it g PAT, ug Recovery, %
Added *Found

NH,* NH,Cl 50,000 1502.7 1507.2 100.3+0.2
Na+  NaCl 50,000 1502.7 1501.2 99.9+0.1
K+ KCl 50,000 1502.7 1504.2 100.1+0.2
CaZ2+ CaCly 50,000 1502.7 15067 100.2+0.2
Mg2+ MgCly 50,0&) 15027 1504.2 100.1+0.1
BaZ+ BaCly 50,000 1502.7 1501.2 99.9+0.2
Zn2+  ZnCly 50,000 1502.7 1501.2 99.9+0.3
Mn2+ MnSO, 50,000 1502.7 1504.2 100.1+0.2
Co2+  CoCly 2,500 1502.7 1502.7 100.010.2
5,000 1502.7 14426 96.0+0.4
10,000 1502.7 1390.0 92.5+0.6
CuZ+  CuS0y 127.1  1502.7 1499.7 99.8+0.3
254.2  1502.7 1465.1 97.51£0.5
508.4 15027 1433.6 95.410.6
Cré+  K,yCre0; 0.52 1502.7 1499.7 99.8+0.2
1.04 1502.7 1477.2 98.3+0.4
2.6 1502.7 1417.0 94.3+0.3
Vo+ NaVQOg 2.6 1502.7 1501.2 99.9+0.2
52 1502.7 1453.1 96.7+0.3
Starch 50,000 1502.7 1501.2 99.9+0.2
Lactose 50,000 1502.7 1501.2 99.9+0.1

*Mean value of three determinations

Table VIII — Effect of foreign substances on the determi-
nation of INAH.

Substances added, ug INAH, ug Recovery, %
Added *Found
Pyridoxine HCl 20,000 308.6  308.6 100.0+0.1
D-Maltose 50,000 308.6 308.3 99.9+0.1
D-Glucose 50,000 308.6 308.6 100.0+0.1
D-Fructose 50,000 308.6 308.9 100.1+0.2
D-Galactose - 50,000 308.6 308.6 100.04+0.1
D-Mannose 50,000 308.6 308.3 99.9+0.2
Starch 50,000 308.6 308.3 99.9+0.2
Lactose 50,000 308.6 308.6 100.04+0.1

*Mean value of three determinations
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Table IX — Determinations of ascorbic acid and INAH in pharmaceutical formulations found in the market.

Ascorbie acid

Product name Compositions (Ratio) or INAH, #g  Recovery, %
Added *Found

Vitamin C granules Riboflavin : Pyridoxine HCI : Ascorbic 500 499.0 99.8+0.2
acid (1 : 2.5 : 500)

Multivitamin tablet Pyridoxine HCI : Riboflavin : Calcium pantothenate : 500 501.5 100.3+0.4
Thiamine nitrate : Nicotinamide : Ascorbic acid
(1:1.25:2:25:10:50)

INAH and V-Bg tablet Pyridoxine HCl: INAH (1:20) 100 99.8 99.8+0.3

*Mean value of five determinations

#g INAH 100 g & &i3he

Al2kA| A oF 5L
249 FFA8E 2AISt] AHekiol] uet FHE
£ =z ’3}04 ascorbic acid @ INAH & Alxist
A} Table IXSb 2th & Aol o3

ascorbic acid @ INAH AA|N49] recovery +
7tz 99, 8~100, 3+0, 2~0,4%, 99, 8+0, 3%t

7 =
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