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Indicators

The following table lists indicators commonly used for visible end-point determinations.

quinoline blue

cyanine

7.0-8.0

Indicator Chemical name cﬁfgsl ral;.’nl-ée iﬁz‘ﬁ Prepa:ati(?n of stock solution?
methyl violet mixture of tetra-, penta-, and hexa- Y 0.15-3.2 v 0.01-0.05% in water
methyl-p-rosaniline hydrochlo- .
ride salts
cresol red (acid range) | o-cresolsulfonphthalein R 0.2-1.8 Y Dissolve 100 mg in 2.65 ml 0.1~
NaOH, dil to 100 ml with water
metanil yellow 4’.anilinoazobenzene-m-sulfonic R [.2-2.3 Y {0.01-0.1% in water
acid, sodium salt
m-cresol purple (acid m-cresolsulfonphthalein R 1.2-2.8 Y Dissolve 100 mg in 2.65 ml 0.1~
range) - NaOH, dil to 100 ml with water
xylenof blue (acid p-xylenolsulfonphthalein R 1.2-2.8 Y Dissolve 40 mg in 0.98 ml 0.1
range) NaOH, dil to 100 ml with water
thymol blue (acid thymolsulfonphthalein R 1.2-2.8 Y Dissolve 100 mg in 2.15 ml 0.1~
range) NaOH, dil to 100 ml with water
ropeolin OO 4’.phenylaminoazobenzene-4-sul- R 1.3-3.2 Y 1% in water; 0.4% in 50% aq alc®
fonic acid, sodium salt
quinaldine red 2-(p-dimethylaminostyryl)quinoline C 1.4-3.2 R 0.1% in alc or 90% aq ethanol®
ethiodide
a-dinitrophenol 2,4-dinitrophenol C 2.0-4.7 Y 0.1% in 70% aq alc?
methyl yellow; di- p-dimethylaminoazobenzene R 2.9-40 Y 0.1% in 90% aq alc?
methyl yellow
bromophenol blue 3,3",5.5'-tetrabromophenolsulfon- Y 3.0-4.6 Pu | Dissolve 100 mg in 1.5 ml 0.IN
: phthalein NaOH, dil to 100 ml with water
tetrabromophenol blue | tetrabromophenol tetrabromosulfon- Y 3.0-4.6 B Dissolve 100 mg in 1.01 ml 0.1¥
' phthalein NaOH, dil to 100 ml with water
bromochloropheno 3,3'-dibromo-3,5"-dichlorophenol- Y 3.0-4.6 Pu | Dissolve 40 mg in 0.69 ml 0.1¢
blue o sulfonphthalein " NaOH, dil to 100 ml with water
Congored = diphenyl-4,4'-bis-(2-azo-1-naoh- B 3.0-5.2 R 0.1% in water
Shvlamineisuifonic acid, sceium
salt
methyf orange 4’.dimethylaminoazobenzene-4~ R 3.14¢.4 0.04-0.1% in water
sulfonic acid, sodium salt
p-ethoxychrysoidine 4-ethoxy-2',4'-diaminoazobenzene 3.5-53.5 0.1% in 90% aq alc?; 0.2% in alc
hydrochloride hydrochloride
naphthyl red a-naphthylaminoazobenzene R 3.7-5.0 Y 0.1% in ethanol or 70% aq alc®
alizarin sodium sulfo- dihydroxyanthraquinone sodium Y 3.7-5.2 v 0.1% in water
nate . sulfonate
bromocresol green 3,3".5,5'-tetrabromo-m-cresolsul- Y 3.8-5.4 Dissolve 100 mg in 1.45 ml 0.1¥
fonphthalein NaOH, dil to 100 ml with water
y-dinitrophenol 2,5-dinitrophenol 4.0-5.8 Y 0.1% in 70% aq alc?
methyl red’ 4’-dimethylaminoazobenzene-2- R 4.4-6.2 Dissolve 100 mg in 3.7 ml 0.1&
B carboxylic acid NaOH, dil to 100 ml with water;
. : 0.1% in alc
lacmoid . R 4.4-6.4 B 0.2% 1in alc
chlorophenol red- - - 3,3"-dichlorophenolsulfonphthalein Y 4.8-6.4 Pu | Dissolve 100 mg in 2.35 ml 0.1N
' NaOH, dil to 100 ml with water
benzoyl auramine G v 5-5.6 Y 0.25% in methanol
bromocresol purple 5,5’ -dibromo-o-cresolsulfon- Y 5.2-6.8 Pu Dissolve 100 mg in 1.85 ml 0.1N
phthalein NaOH, dil to 100 ml with water
bromophenol red 3,3'-dibromophenolsulfonphthalein Y 5.2-6.8 R | Dissolve 40 mg in 0.78 ml 0.1M
NaOH, dil to 100 m] with water
p-nitrophenol . C 5.6-7.6 Y 0.1% in water; 0.2% in alc
bromothymol blue 3,3'-dibromothymolsulfonphthalein Y 6.0-7.6 B Dissolve 100 mg in 1.6 mi 0.1~
L ) . NaOH, dil to 100 ml with water
phenol red - phenolsulfonphthalein Y 6.4-8.2 R | Dissolve 100 mg in 2.85 ml 0.1N
sl . ) NaOH, dil to 100 ml with water
rosolic acid; aurin p-quinonemono(bis-4-oxyphenyl- Y 6.6-8.0 R 0.2% in 50% aq alc®
SR & methide) ’
“neutral red - . 3-amino-6-dimethylamino-2-meth- R | 6.8-8.0 Y |0.1% in 70% aq alc?
: ylphenazinium chloride
C Y 1% in alc



Indicators (Continued)

: p Acid pH Basic I s
Indicator Chemical name color! range color! Preparation of stock solution
cresol red (basic range) | o-cresolsulfonphthalein Y 7.0-8.8 R Dissolve 100 mg in 2.65 ml 0.1N
NaOH, dil to 100 ml with water
c-naphtholphthalein . C 7.3-8.7 G-B | 0.1% in alc or 70% aq alc?
tropeolin O00; a- a-naphtholazobenzene-p-sulfonic Y 7.4-8.9 P 0.1% in water
naphthol orange acid, sodium salt
in-cresol purple (basic | m-cresolsulfonphthalein Y 7.4-9.0 Pu | Dissolve 100 mg in 2.65 ml 0.IN
range) NaOH, dil to 100 ml with water
ethyl bis(2,4-dinitro- C 7.3-9.1 B satd soln in 1:1 acetone-alc
phenyl)acetate
thymol blue (basic thymolsulfonphthalein Y 8.0-9.6 B Dissolve 100 mg in 2.15 mi 0.1N
range) NaOH, dil to [00 ml with water
xylenol blue (basic p-xylenolsulfonphthalein Y 8.0-9.6 B Dissolve 40 mg in 0.98 mi 0.1M
range) NaOQH, dil to 100 ml with water
o-cresolphthalein di-o-cresolphthalide C 8.2-9.8 R-V | 0.04% in 50% aq alc?
phenolphthalein di-p-dioxydiphenyiphthalide 8.2-9.8 P 0.1% in alc or 60% aq aic>
thymolphthalein dithymolphthalide C 9.3-10.5 B 0.1% in 80% aq alc®
a-naphtholbenzein dimethylphenolphthalein Br 9.8-11.0) G-B | 0.1% in alc
alizarin yellow GG; 3'-nitro-4-oxyazobenzene-3-carbox- Y 10.0-12.1 } Br-Y | 0.1% in ethanol or water
salicyl yellow ylic acid, sodium salt
alizarin yellow R 4'-niro-4-oxyazobenzene-3-carbox- Y 10.0-12.1 R 0.1% in water
ylic acid. sodium salt
Nile blue diethylaminonaphthophenazoxo- B 10.1-11.1 R 0.1% in water
nium sulfate
nitramine 2,4 ,6-trinitrophenylmethylnitramine C 10.8-13.0 Br | 0.1% in 70% aq aic®
tropeolin O 2',4'-dioxyazobenzene-4-suifonic Y 11.0-12.7 | R-Br | 0.1% in water
acid, sodium salt
Poirrier blue C4B riphenylrosaniline sulfonic acid. B 11.0-13.0| Pu | 0.1% in water
. sodium or potassium salt
indigo carmine indigotin-3,5"-disuffonic acid, diso- B 11.5-14.0 Y 0.25% in 50% aq ethanol®
dium salt
trinitrobenzene C |120-140] O 0.1% in 70% aq alc?

"The indicator colors are abbreviated as follows: B, blue; Br, brown; C, colorless; G. green; O, orange; P, pink: Pu, purple; R, red:
V, violet; and Y, yellow.

2One to five drops of the indicator stock soln should be added to every 10 ml soln to be titrated.
*When preparing the aq alc solns, it is important to dissolve the indicator in alc first and then dil with water to the indicated conc.
For example, to make a 0.1% soln in 70% aq alc, dissolve 100 mg indicator in 70 ml alc, then add 30 ml water.

References
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Preparation. .-Bisacodyl .may be .prepared from 2-pyridinecarboxaldehyde by
condensation with phenol with the aid of a dehydrant such as sulfuric acid (5). The
resulting 4,4’-(2-pyridylmethylene)diphenol is esterified by treatment with acetic
anhydride and anhydrous sodium acetate. Crystallization is from ethanol..

-Safety. - Inhalation of blsacodyl and contact w1th eyes skm and mucous mem-
branes should be avoided. - =0 -t =

Uses. : Bisacodyl is a contact laxatlve that may be given orally or rectally It is often

“used for evacuation of the bowel prior to surgery or diagnostic exammatlons It may

obviate the need for a cleansing enema.

Plantago Seed. . Plantago seed, also called psylhum seed and plantam seed is the
cleaned, dried, ripe seed of plantaso psyllium Linne or, plantago indica Linne or
plantago ovata Forskal (blond or Indian psyllium). It is used as a bulking agent.

Mnolpht alein:.. Propeme Phenolphthalein (4), 3,3-bis(p-hydroxyphenyl)
phthalide [77 09- 8] is & white or faintly yellowish-white crystalline powder. It is
odorless, stable in air, and it melts not lower than 258°C. Phenolphthalein is practically
insoluble in water; one gram is soluble in 15 mL alcohol and 100 mL diethyl ether.

atatiofE Phenolphthalein may be crepared by mixing phenol, phthalic an-
hydnde, and sulfurlc acid, and heating at 120°C for 10~ 12 h The product is extracted
with boiling water, then the residue dissolved in dilute sodium hydroxide solution,
filtered, and precipitated with acid.

Analysis. Official assay methods are reported in the USP (1).

Uses. Phenolphthalein is a cathartic drug, and the basis of many laxatives. It
may cause red urine if alkaline, and may cause rash.

Dioctyi Calcium Suiiosuccinate. Froperiies. Dioctyl calcium ¢ sulfosuccinate (o)
calcium salt [128-49-4] of 1,4-bis(2- ethylhexyl)sulfosuccinate, also known as Surfak,
is a white amorphous solid having the characteristic odor of octyl alcohol. It is very
slightly solqble in water, and very soluble in alcohol, polyethylene glycol 400, and corn
eil. ' ‘

CH,CH(CH;CH;
) Ca?+
CHCQO H2C|3H(CH2)3CH3
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Crystal Structure of Phenolphthalein

Hiromasa SuGiura*, Toshiyuki Kato*, Hitoshi SENDA*, Ko-Ki KunimMoTO*!,
Akio KuwAe** and Kazuhiko HANAT***

*Department of Chemistry und Chemicul Engineering, Fuculty of Technology, Kunuzawa University,
Kakuma-muchi, Kanuzawa 920-1192, Jupun
**Institute of Natuml Sciences, Nugoyae City University, Nugoya 46 7—83 01, Jupun
*¥**Gifu Pharmuceutical University, Gifu 502-8585, Jupun

We have studied the molecular structures of various
organic dyes by the vibrational spectroscopies.! Our

recent research interests have been focused on the

inclusion phenomena of the phthalein dyes in various
organic hosts. As a part of our study, the X-ray analysis

empirical absorption correction, based on azimuthal
scans of several reflections, was applied, which result-
ed in transmission factors ranging from 0.98 to 1.00.
The data were corrected for Lorentz and polarization
effects.

The structure was solved by direct methods.? The
non-hydrogen atoms were refined anisotropicaily. All
hydrogen atoms were located from a difference Fourier
map and included in the full-matrix least squares
refinement. The atomic scattering factors and anom-
alous dispersion terms were taken from the
International Tables for X-ray Crystallography, Vol.
1V} All calculations were performed using the pro-
gram TEXSAN crystallegraphic software package.?
Selected positional parameters are listed in Table 2.
The molecular structure is shown in Fig. 2, together
with the atomic labeling scheme. Selected bond dis-
tances and angles are listed in Table 3.

There are two independent molecules in the asym-
metric unit (Molecule 1 and Molecule 2). The mole-
cules consist essentially of three groups: an isobenzofu-

of 3,3-bis(4-hydroxyphenyl)-1(3H )-isobenzofuranone,
better known as phenolphthalein, was undertaken. The
pH dependent color change of phenolphthalein has
been ascribed to a structure change from the lactone (1)
to the dianionic resonating form (11}, as shown in Fig. 1.
Phenolphthalein shows vibrational bands characteristic
of the structure (1) in the solid state. The’OH stretching
bands are observed at 3383, 3329 and 3291 cm! in the
IR spectrum. The intense band at 1737 cm~! with a
shoulder peak at 1718 cm™ is assigned to the C=0
stretching of the lactone group. The corresponding
Raman bands are observed at-1737 and 1719 cri.
Crystals suitable for X-ray analysis were grown from
an aqueous ethanol solution at room-temperature. A
colorless prism with dimensions 0.6x0.3x0.4 mm was
mounted on a glass fiber. All measurements were made
on a Rigaku AFC-5R diffractometer with a graphite
1/ monochromated Mo K., radiation (1=0.71069 A). The
detailed measurement conditions and crystal data are
listed in Table 1. The intensity data were collected at
23°C using the @-26 scan technique to a maximum 26
of value of 55.0°. A total of 4195 reflections were col-
lected. The intensities of three representative reflec-
tions which were measured after every 150 reflections
declined by 0.49%. A linear correction was applied to
the data to account for this phenomenon. The linear
absorption coefficient for Mo K, is 0.8 em~. An

Table 1 Crystal and experimental data

Formula: CyoH 404

Formula weight: 318.33

Crystal system: orthorhombic

Space group: Pna2, Z-8
a-19276(3)A.

5 14.822(2)A

e~ 11.3884(DA

F— 3254(DA}

Dow— 1.299 g/em’

No. of reflections used— 2970 (7>1.200{1)
No. of parameters — 542
R-0.038

R.~0.037

Goodness-of-fit — 1.25

{BP)max — 0.18 €A
{(BP)min——0.18 eA 3
Measurement: Rigaku AFC-5R
Trogram system: TEXSAN
Structure determination: direct method
Refinement: fill-matrix least-squares

polcgliietegevos
GF o7 O

1) ) (D

Fig. 1 Dissociation equilibrium of phenolphthalein

* To whom correspondence should be addressed.
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Table 2 ..Fractional coordinates and equivalent isotropic ther-
mal parameters of non-hydrogen atoms

Atom X v z

l el [ TR R DO
(93] 401822y 04275
(A1) G L) LG5
Cxd :333% ‘) -3.2235
05 CA36I(D) 3.2603(3)
[¢3] CAI5KRY 0.43152)
o7 L.5203¢ 0 o, '414301
o8 C.723%) 3]
Ct C 1544k 2 D032
2 ON545(3)
3 0150903
[} [N LK Y]
cs (LORTH3)
cs -0.07 -I(-h
fogd -0.0233(2)
c3 Q1402
[0 25(3)
C1d 176i3)
cll 0 2 32903)
ciz 1251530
Ciz S643)
Cls
C13
Cla -3 l"lﬁ*}
7 1212305
Cc1g 1. 236404
cle
20
C2y
c2z .
22 .4240(2] 522 "! 1'“0-1«\3)
[onts 2.433K2) (. 4.\140 G
Cc23 AL C¢47742)
Cls '34>r-( & C.5143 %
[o%r Q32292 3, 0.2¢ 9*131
C28 S0 211023
30 <3121 4(30
C2
231
c3z
C32
Cas
C23
C3d "' 4—‘-..,(‘ L5% ‘5’1 "2
C37 QTR CERT 0o SRy
c2s &3301(2} ] SS&!{.’) Q203224
c39 Q34N L7662 [ 2153
G Q.28 2: DTI8NZT 0.03<2031

ng - (4!’3)2(2}3##(1}*(‘1['3})-

ran ring (A) and two paru-hydroxyphenyl rings (B and
C) attached to the tetrahedral carbon atom in the five-
membered lactone ring. [Fach of the three moieties is
almost planar. The two puru-hydroxyphenyl groups lie
on opposite sides of the isobenzofuran plane. The
geomelry differences between the two molecules are
found in the orientations of the planes. The rings B and
C are inclined with respect to each other at 71.40° for
Molecule.1:and"74.63° for Molecule 2. The rings B
and C. are also-oriented with-respect to the isobenzo-
furan ring A<at:76.65° and 73.63°, respectively, for
Molecule-1-and-75:18" and 70.16", respectively, for
Molecule-2. The C-O bonds.in the five-membered lac-
tone rings, which cleave at alkaline pH, are 1.490(3)
and;;l.4&4('3-)‘1\-»,‘;5rcspectively,':-for Molecule 1 and
Molecule 2. They are longer than the normal lactone
C-O single bond value (1.462(2)A)* and shorter than the
value of 1.525(3)A found for fluorescein’ Fitzgerald
and Gerkin® have recently reported the crystal structure
of phenolphthalein obtained from ethanol solution
(R=0.045, Rw=0.097)." Differences between the present
work and the reported result were observed mainly in
the molecular geometries of the factone moieties.

ANALYTICAL SCIENCES JUNE 1999, VOL. 15

Molerute L

Mboleenis 2

Fig. 2 Molecular structure with the numbering of the atoms.
Thermal cllipsoids of the non-hydrogen atoms are scaled fo
enclose 50% probability. The spheres of the hydrogen atoms
are drawn in an arbitrary scale.

Table 3 Selected bond lenghts (A) and aneles ()

Atom  Atom Distance Atom  Atom Distance
3 cl 1.2HN3: o7 (e}
€] C2 1. '-H- 4; o7 [atiy]
[} ] c2 e 8 C40
CIe £ LA 30 c4s

Atom Atom Atom

0 @ [og} 121302 [af ] C2

@ ¢! Cld 10L7y  CF C3d i3y

RO CR WasYy  oF G35 10740 ;
R S S B e 1 S 7 Ty

a1 M 8 131G 08 el 1:0.3(3)
o C3 ClE IMEh 8 €3 1L
B €3 CIS W) CF 230 J0K&3)

Estimated standard deviations in the least significant figure are
given in parentheses.
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Features of Phenolsulfonphthalein and Phenolphthalein Substituted
at All Ortho-Positions of Phenols with Bromine

Zenzo TAMURA, Rimi TERADA, Kennichi OANO and Masako MAEDA

School of Pharmaceutical Sciences, Showa University, Hatanodai, Shinagawa, Tokyo 142-85353, Japan

The influence of bromination at all the ortho-positions of phenols on the features of phenolsulfonphtalein and phenol-
phtalein was investigated. The absorption spectra of Bromphenol Blue (H,BPS) in phosphate buffers demonstrated the
complete opening of the lactone ring to form yellow HBPS- at pH | where pK»=3.8. The reaction of hydroxide ion with
blue BPS*- was found to produce colorless BPS(OHY- required heating where pX;=9. On the contrary, the spectra of
3°,3”,5",5"-tetrabromophenolphtalein (H,BPP) demonstrated that the lactone ring was very stable. More than 99.5% of
BPP? species consisted of a colorless lactone possessing two isolated phenol groups where pK,’=6.0 and pKy'=6.8; the
reaction of hydroxide ion with BPP* to produce BPP(OH)* was slow where pK;=10.3. These results indicate the
increased acidity of phenols and the greater tendency of the central carbon atom to act as an electron acceptor.

Keywords.- Bromphenol Blue, 3’,3”,5’,5”-tetrabromophenolphtalein, structural formula and color, dissociation exponent

Different from the widely accepted y-lactone form,
the molecular structure of red crystalline phenolsulfon-
phthalein (H2*PS-) was identified by X-ray crystailog-
raphy with a zwitter ion.! Only such a structure was
able to explain the successive changes with pH in color
and absorption spectrum of the aqueous solution of
H,"PS-? On the other hand, the y-lactone was proved
to be rather stable in phenolphthalein (H,PP). Hence,
the monovalent anion HPP- was colorless, and even the
divalent anion PP>~ was the mixture of a red quinoid
species and a colorless lactone. Further, the slow addi-
tion of OH- to PP?- to produce colorless trivalent anion
PP(OH)*- was observed.?

Contrary to Hy*PS-, the molecular structure of color-
less crystalline Bromphenol Blue (H,BPS) was identi-
fled with a y-lactone using X-ray crystallography.’
This discrepancy led us to investigate the features of
the dissociation and coloration of H,BPS, 3’,3",5,5"-
tetrabromophenolphthalein (H,BPP) and its ethyl ester
(HBPE) in their aqueous solutions using spectrophoto-
metric analysis.

Experimental

Materials
©37,3”,5’,5”-Tetrabromophenolphthalein (Tokyo
Chemical Industry Co., Ltd.) was recrystallized from
ethanol with water. The elemental analytical data were
agreeable. Bromphenol Blue (Wako Pure Chemical
Industries, Ltd.), 3%,3”,5",5"-tetrabromophenolphthalein
ethyl ester potassium salt (KBPE, Tokyo Chemical
Industry Co., Ltd.) and other chemicals were of analyti-
cal reagent grade. . .

Buffers

Phosphate buffer of 0.2 M were prepared with sodi-
um dihydrogenphosphate, hydrochlcric acid, sodium
hydroxide and redistilled water, and ethanol was added
if required for dissolving the pigments.

Preparation of sample solutions

After 6.7 mg of H.BPS was dissolved in L. ml of
ethanol and diluted to 10 ml with water, the resulting
10-3 M solution was diluted 200 times with the buffers
to obtain 5x10-% M sample solutions of H,BPS.

A 1072 M solution of H,BPP in ethanol (63.4 mg in
10 ml) was diluted 100 times with the buffers of pH 8
to 12 to obtain the 10 M sample solutions and this
diluted form was used for the measurement of visible
absorption spectra. Similarly 10-° M solutions of
H-BPP in the buffers of pH 8 to 12 were prepared for
the measurement of pK; of the compound. A 10 M
solution of H,BPP in ethanol was diluted 100 times
with the buffers of pH 2 to 9 containing 30% ethanol to
obtain the 10-* M sample solutions for the measurerent
of pX, and pK: of the compound.

After 7.0 mg of KBPE was mixed with | ml of water
and diluted to 10 ml with ethanol, the resulting 10 M
solution was diluted 200 times with the buffers contain-
ing 15% ethanol to obtain 5x10-% M solutions of HBPE.

Instruments and measurements

A Hitachi U-3210 spectrophotometer with a scan
speed of 120 nm/min and a band path of 2 nm, and a
pair of matching cells of 1 cm light pass were used to
measure the absorption spectra at 25+2°C with the
wavelengths longer than 240 nm where water was able
to be used as a reference. A Toa-HM-20E glass elec-
trode pH meter was used at 25+2°C and calibrated with

‘¢

o~
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standard solutions of pH 6.86 and 4.01.

A Macintosh Quadra 840 AV Personal Computer of
Apple Co., Ltd. was used to analyze the absorption
spectra.

Results and Discussion

By dissolving the colorless H,BPS in water, a yellow
colored solution was obtained. The absorption spectra
in Fig. 1 showed the complete opening of the lactone
ring to form a quinoid HBPS- at pH 1. The spectra
having absorption maxima at 591.8 nm, 437 nm etc.
and three isosbestic points demonstrated the presence
of HBPS- and BPS? in the range of pH | to 8. The
molar fractions of BPS?- estimated from the
absorbances at 591.8 nm coincided well with a theoreti-
cal curve for a monobasic acid as in Fig. 2, and hence
pK> of H;BPS was determined as 3.8. ’

The addition of OH- to BPS?*- was very slow at room
temperature, however, after heating the solution at pH
12 and 100°C for 2 h, the visible absorption completely
disappeared, this was almost completely recovered by
heating at pH 6 and 100°C for 2 h. Therefore the pX;
was estimated to be about 9. The recovery became
incomplete with a more concentrated solution, perhaps
due to the occurrence of an intermolecular reaction of

0.5 1
|
2
2
<
0 T =T T T
300 400 500 600 700
Wavelength / nm
Fig. | Absorption spectra of Bromphenol Blue (H.BPS). The

concentration was 5x10% M. The rough pH values of solu-
tions are given on the spectra.

Br Br
poye
Br
q
o
H,BPS HBPS™
colorless yellow

ANALYTICAL SCIENCES APRIL 1999, VOL. 15

BPS(OH)*-.

From these observations, the structural formulas of
existent molecular species in aqueous solutions of
H,BPS were estimated as shown in Fig. 3.

Since the neutral molecule of H,BPP was almost
insoluble in water, the alkaline aqueous solutions were
first analyzed. The blue color of BPP*- was very light
and the molar extinction coefficient at An.x (585.0 nm)
and pH 8 in Fig. 4 (314) was 0.38% of that of of BPS*
in Fig. 1 (83,120). Since the molar extinction coeffi-

1 0416
g
2
] 3
g pi
Eo5 L2
b $
:
§ 3
<

L T T T T T T T 0.000

[ 1 2 3 4 5 § 7 8

Fig. 2 Graphic plotting of the molar fraction of BPS* (e)
together with the theoretical curve (—) for a monobasic acid
of pK=3.3

054 021

Absorbance

250 350 450
Wavelength / nm
Fig. 4 Absorption spectra of 37,3%,5,5”-tetrabromophenol-
phtarein (H,BPP) in the alkaline solutions after standing for

four days. The concentrations were 10 M (left) and 10~ M
(right).

BPS(ORH)*

colorless

BPS%
blue

Fig. 3 Structural formulas, colors and pK values of the existent molecular species in aqueous solutions of H:BPS.
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° 0.0318)
01014,

Molar fructlon
L
Absorbance at
585.0om (9
2874am (&)

0.000(®
0.058 ()
13

@

pH

Fig. 5 Graphic plotting of the molar fraction of BPP?- by the
use of absorbances at 585.0 nm () and 287.4 nm (a); and
the theoretical curve (—) for a monobasic acid of spectra of
pK=10.3. The higher absorbance at pH 8 (®) was probably
due to turbidity.

0.59

Absorbance

450

Wavelength / om

Fig. 6 Absorption spectra of HaBPP in the solutions contain-
ing 30% ethanol with apparent pH 2 to 9. The concentration
was 103 M.

cient of quinoid form of BPP?- was thought to be simi-
lar to that of BPS%, the result demonstrated that more
than 99.5% of the species BPP?- consisted of a lactone.

Similarly to phenolphthalein, the slow addition of
OH- to BPP?*- was observed at 25°C, and after standing
for four days, pK; of H,BPP was determined to be 10.3
by the analysis of absorbances at 585.0 nm, as shown in
Figs.4 and 5. The figures also demonstrated that a sim-
ilar result was obtained by the analysis of absorbances
at 287.4 nm.

Secondly, the solutions of 10-* M H,BPP in the
buffers containing 30% ethanol with apparent pH val-
ues of 2 to 9 were investigated to obtain Fig. 6. The
spectrum at pH 2 was assigned to H,BPP species since
its shape was quite similar to that of phenolphthalein
H:PP, while the spectrum at pH 9 was assigned to
BPP? species having blue color, as mentioned above.
Therefore two steps of dissociation should occur
between pH 2 and 9. From the fact that more than
99.5% of BPP?- species maintained the lactone ring, the
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Fig. 7 Graphic plotting of the molar fraction of the phenolate
moiety in the molecule of H,BPP (@) together with the theo-
retical curve (—) for a dibasic acid of pK=6.0 and pK-=6.8

central carbon atom of triphenylmethane structure
should be mostly used for the lactone formation. Hence
the double bond formation through this carbon atom
became negligible and the phenol moieties attached to
the atom became independent in the conjugation system
contributive to the light absorption. So the spectral
change from pH 2 to 9 was thought to mostly depend
on the structural change from phenol to phenolate.
Thus the molar fraction of the phenolate moiety
(2.9 C/2A) was calculated from the following equations
using the assumed apparent pK values, pK,” and pK7/,
and the trial-and-error method, to coincide with the
observed absorbances (#) at 260.0 nm shown in Fig. 7.

pKi pKs
[2¢0H] == [¢0-, pOH] == [2¢07]

[2¢OH]+ 9O, 9OH+[2901=34

@i +ayrx10PK1+10PKIPKo=3
[2¢OH)/SA=ak+/E

[9O-, OH)/SA=an+x10-%1/ %
[200°)/ZA=10-"K1PK2/ %

Y¢0O=[¢0, pOH]+2[2¢0"]

Y ¢OH=2[2¢ OH]+[¢ O-, pOH]
TPOH+ZP0=254

AbS.p=1€50- 20 O+l €401 2. ¢ OH+B(constant)
AbS.ph>9=1E40-X2 ZA+B, AbSs.pncs=lEponX22A+B

= Abs.ops—Abs .pH<3=l(8¢o—E ¢O:+8¢0HZ¢ OH—28¢0HZA)
=20 (g50-—€50m)

2(AbS.obs—AbS.pH<3) = 2124)0'(&0——&0{1) - 2¢O‘
Abs.pﬂ>9_AbS.pH<5 212A(E¢o—"‘€¢oﬂ) ZA
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Br Br Br Br Br Br Be Br
HO ox HO o 0 o 0. o
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Br 0 Br Br o Br Br o Br slow Br i Br
Co co Co — coy
pK'|=6.0 pK';=6.8 pK3=10.3
H,BPP HBPP BPP¥ BPP(OH)>
colorless coloriess colorless (more than 99.5%) colorless
Br Br
.o O
Br Br
cos
blue (less than 0.5%)
Fig. 8 Structural formulas, colors and pX values of the existent molecular species in aqueous solu-
tions of H,BPP. pK’ was the apparent pX with the solutions containing ethanol.
Table | Comparison of the pX values compared with the corresponding pK values of the
. + -
H,BPS H,'PS- H,BPP H,PP mother compounds: H*PS a.pd H,PP.

The values of pK; and pX; in the table clearly demon-
pKi n.o. 1.2 6.0° 9.05 strate the increased acidity of phenols by the bromina-
pK> 38 7.7 6.8¢ 9.5 tion at ortho-positions.
pKs® 9 n.o. 10.3 2

a. Not observed.
b. Obtained with the OH~addition reaction.
c. These value were obserbed in 30% ethanol.

As the result, the values of pK,” and pK,’ were esti-
mated to be 6.0 and 6.8, respectively.

The absorption spectra of HBPE, in which the lactone
formation was inhibited, were thought to be essentially
similar to those of HBPS-; however, because of easy
hydrolysis of the ethyl ester, HBPE was gradually con-
verted to H.BPP during the spectral measurement of
the solutions containing 15% ethanol. Therefore, the
exact analysis was not achieved.

From the data obtained above, the structured formulas
of existent molecular species in solutions of H,BPP
were estimated as shown in Fig. 8. .

In Table 1, the pK values of H,BPS and H,BPP are

Further, the p&s value of H,BPP concerning OH-
addition reaction, revised with the quinoid form, which
is less than 0.5% of BPP?, is about 8. The value is
much lower than that of H,PP similarly treated (11.7)
indicating the greater tendency of the central carbon
atom to act as an electron acceptor together with the
increased stability of the lactone ring in H,BPS (Fig. 3)
and H,BPP (Fig. 8).
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A H&S:PHTHALIC ANHYDRIDE 80-44-Y

*CATALOG ID NUMBER: 000461

*CAS NUMBER: 85-44-9

“BASE CHEMICAL NAME: PHTHALICANHYDRIDE
*PRIMARY NAME: PHTHALIC ANHYDRIDE
*CHEMICAL FORMULA: C8H403

*STRUCTURAL FORMULA: Not printébie
*WLN: T56 BVOVJ

*SYNONYMS :
1, 2-BENZENEDICARBOXYLIC ACID ANHYDRIDE
1,3- -DIOXOPHTHALAN
ESEN
1,3-DIHYDRO-1, 3-DIOXOISOBENZOFURAN
1, 3-ISOBENZOFURANDIONE
NCI-C03601
PHTHALANDIONE
1, 3-PHTHALANDIONE
PHTHALIC ACID ANHYDRIDE
RETARDER AK
RETARDER ESEN
RETARDER PD
RCRA WASTE NUMBER U190
UN 2214

-PHYSICAL CHEMICAL DATA

*PHYSICAL DESCRIPTION: LITERATURE: White to pale cream powder or flakes
REPOSITORY: White solid

*MOLECULAR WEIGHT: 148.12

*SPECIFIC GRAVITY: 1.527 @ 4 C [043,055,062])
*DENSITY: Not available

*MP (DEG C): 130.8 C [031,038,055,205]

*BP (DEG C): 295 C (sublimes) [017,031,043,047)

*SOLUBILITIES:
WATER : Decomposes

DMSO : >=100 mg/mL @ 19 C (RAD)
95% ETHANOL : <1 mg/mL @ 19 C (RAD)
METHANCL : Not available
ACETONE : >=100“mg/mL @ 19 C (RAD)

TOLUENE : Not available

OTHER SOLVENTS:
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Carbon disulfide: Soluble [031,062]
Ether: Sparingly soluble [025,031,043, 205]
Alcohol: Soluble [043)

*VOLATILITY:
Vapor pressure: 0.0002 mm Hg @ 20 C {055]; 0.001 mm Hg @ 30 C [055,058]
Vapor density : 5.10 [043,055,058,102]

*FLAMMABILITY (FLASH POINT):

This chemical has a flash point of 151.6 C (305 F) [043,062,102,275]. It
is combustible. Fires involving this material can be controlled with a dry
chemical, carbon dioxide or Halon extinguisher. A water spray may also be used
[058]. The autoignition temperature is 570 C (1058 F) [043,102,371,451].

It may form explosive mixtures with air [058].

*UEL: 10.4% [043,058,102] LEL: 1.7% [043,058,102,451]

*REACTIVITY:

This chemical is incompatible with strong oxidizers (043,058,102,269]. It
is also incompatible with strong acids, strong bases and strong reducing agents
(269]). It may react violently with copper oxide or sodium nitrite (036,043,
269]. It may also react with nitric acid [036,043]. Nitration with sulfuric
acid may also present a danger [036]. It is incompatible with water, alkalis,
nitrating mixtures and amines [058].

*STABILITY:

This chemical is sensitive to moisture [269,275]. It may also be sen-
sitive to heat. UV spectrophotometric stability screening indicates that
solutions of this chemical in 95% ethanol are stable for less than two hours
but solutions in acetone are stable for at least 24 hours (RAD).

*OTHER PHYSICAL DATA:
Choking odor ([102,371]
Vapor pressure: 1 mm Hg @ 96.5 C ([038,043]
Freezing point: 131 C ([371]
Saturation concentration: 0.0016 g/m3 @ 20 C; 0.0078 g/m3 € 30 C [0553]
Acidic pH [058]
Percent volatile (in water): 0.5% max [058]

~TOXICITY

*NIOSH REGISTRY NUMBER: TI3150000

*TOXICITY: (abbreviations)

typ. dose mode specie amount units other
LD50 orl rat 4020 mg/kg
LDLo orl gpg 100 ng/kg
LD50 orl mus 1500 ng/kg
LD50 orl cat 800 mg/kg

*AQTX/TLM96: Not available

*SAX TOXICITY EVALUATION:

THR: Poison by ingestion. Experimental teratogenic effects. A common air
contaminant. Moderate explosion hazard in the form of dust when exposed
to flame. The production of this material has caused many industrial
explosions. :

*CARCINOGENICITY:
Status: NCI Carcinogenesis Bioassay {Feed); Negative: Male and Female Rat,
Male and Female Mouse [620] |

*MUTATION DATA:
test lowest dose ] test lowest dose

Not "available - |
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*TERATOGENICITY:
Reproductive Effects Data: S
TDLo: ipr-mus 203 mg/kg (8~10D preq)

*STANDARDS, REGULATIONS & RECOMMENDATIONS:
OSHA: Federal Register (1/19/89) and 29 CFR 1910.1000 Subpart 2
Transitional Limit: PEL-TWA 2 ppm [015,326,545,610]
Final Limit: PEL-TWA 1 ppm (015,545,610]
ACGIH: TLV-TWA 1 ppm [015,415,421,610]
NIOSH Criteria Document: None
NFPA Hazard Rating: Health (H): 2
Flammability (F): 1
Reactivity (R): O
H2: Materials hazardous to health, but areas may be entered freely with
full-faced mask self-contained breathing apparatus which provides
eye protection (see NFPA for details).
Fl: Materials that must be preheated before ignition can occur (see NFPA
for details).
RO: Materials which are normally stable even under fire exposure conditions
and which are not reactive with water (see NFPA for details).

*OTHER TOXICITY DATA:
Skin and Eye Irritation Data:
skn-rbt 500 mg/24H MLD
eye-rbt 100 mg SEV
Review: Toxicology Review-3
Standards and Regulations: DOT-IMO: Corrosive material; Label: None
Status: EPA Genetox Program 1988, Negative: Carcinogenicity-mouse/rat
EPA TSCA Chemical Inventory, 1986
EPA TSCA Test Submission (TSCATS) Data Base, June 1988
Meets criteria for proposed OSHA Medical Records Rule

-OTHER DATA (Regulatory)

*PROPER SHIPPING NAME (IATA): Phthalic anhydride

*UN/ID NUMBER: UN2214

*HAZARD CLASS: 8 SUBSIDIARY RISK: None PACKING GROUP: IIT
*LABELS REQUIRED: Corrosive

*PACKAGING: PASSENGER: PKG. INSTR.: 822, Y822 MAXTIMUM QUANTITY: 25 kg, 5 kg
CARGO : PKG. INSTR.: 823 MAXIMUM QUANTITY: 100 kg

*SPECIAL PROVISIONS: A74

*USES:

This compound is used in alkyd resins, plasticizers, hardeners for
resins, polyesters and synthesis of phenolphthalein and other phthaleins,
dyes, chlorinated products, pharmaceutical intermediates, insecticides,
diethyl phthalate, dimethyl phthalate and laboratory reagents. It is also
used in the manufacture of specialty chemicals, synthetic fibers, pigments,
synthetic indigo, artificial resins (glyptal), phthalates and benzoic acid.
It is used as a dehydrating agent for alcohols, protecting reagent for amino
acids, fire retardant for use in components of polyester resins and in the
manufacture of metallic and acid salts.

*COMMENTS: Not available

*ACUTE/CHRONIC HAZARDS:
This chemical is a severe irritant of the skin, eyes and respiratory
~system [035,058,401]. These irritating effects are worse on moist surfaces -




Py

+H&S:PHTHALIC ANHYDRIDE 85-44-9 Page 4 of 7

1

[102,275]. When heated to decomposition it emits toxic fumes of carbon

monoxide and carbon dioxide [102,269]. It is readily absorbed through the
skin [269].

*MINIMUM PROTECTIVE CLOTHING: Not available

*RECOMMENDED GLOVE MATERIALS:
GlovES+ Expert System Glove Types For The Neat (Undiluted) Chemical:

This chemical has not been tested for permeation by Radian Corporation;
however, the GlovES+ expert system was used to extrapolate permeation test
information from compounds in the same chemical class. The GlovES+ system uses
permeation data from literature sources; therefore, extra safety margins should
be used with the estimated protection time(s). If this chemical makes direct
contact with your glove, or if a tear, puncture or hole develops, replace them
at once.

The GlovES+ expert system is a tool that can help people better manage
protection from chemicals, however this tool cannot replace sound judgment nor
make technical decisions. Our GlovES+ expert system 1s designed to offer
initial advice and assistance in glove selection while the final glove
selection should be made by knowledgeable individuals based on the specific
circumstances involved.

Glove Type Model Number Thickness Estimated Protection Time
Nitrile Edmont 32-155 0.38 mm 480 min
Neoprene Edmont 29-870 0.50 mm 480 min
Butyl rubber North B-161 0.60 mm 480 min
PE/EVOH/PE Broste 4H Glove 0.07 mm 240 min

*RECOMMENDED RESPIRATOR:

Where the neat test chemical is weighed and diluted, wear a NIOSH-
approved half face respirator equipped with an organic vapor/acid gas
cartridge (specific fcr organic vapors, HCl, acid gas and 802) with a
dust/mist filter.

*OTHER: Not available

*STORAGE PRECAUTIONS:

You should store this chemical under refrigerated temperatures and protect
it from moisture. Keep it away from mineral acids and bases. If possible, it
would be prudent to store this compound under inert atmosphere.

*SPILLS AND LEAKAGE:
If a spill of this chemical occurs, FIRST REMOVE ALL SOURCES OF IGNITION,

then you should dampen the solid spill material with acetone and transfer the
dampened material to a suitable container. Use absorbent paper dampened with
acetone to pick up any remaining material. Seal your contaminated clothing
and the absorbent paper in a vapor-tight plastic bag for eventual disposal.
Solvent wash all contaminated surfaces with acetone followed by washing with
a socap and water solution. Do not reenter the contaminated area until the
Safety Officer (or other responsible person) has verified that the area has
been properly cleaned.

*DISPOSAL AND WASTE TREATMENT: Not available

-EMERGENCY PROCEDURES

*SKIN CONTACT:

IMMEDIATELY flood affected skin with water while removing and isolating
all contaminated clothing. Gently wash all affected skin areas thoroughly
with soap and water.

If symptoms such as redness or irritation develop, IMMEDIATELY call a
physician and be prepared to transport the victim to a hospital for treatment.

*INHALATION:

IMMEDIATELY leave the contaminated area; take deep breaths of fresh air.
If symptoms (such as wheezing, coughing, shortness of breath, or burning in
the mouth, throat, or chest) develop, call a physician and be prepared to
transport the victim to a hospital.
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vide proper respiratory protection to rescuers entering an unknown

phere. . Whenever possible, Self-Contained Breathing Apparatus (SCBA)

should ‘be used, if not available, use a level of protection greater than or
“to that advised under Respirator Recommendation.

*EYE CONTACT:

First check the victim for contact lenses and remove 1f present. Flush
victim's eyes with water or normal saline solution for 20 to 30 minutes while
simultaneously calling a hospital or poison control center.

Do not put any ointments, oils, or medication in the victim's eyes without
specific instructions from a physician.

IMMEDIATELY transport the victim after flushing eyes to a hospital even if
no symptoms (such as redness or irritation) develop.

*INGESTION:

DO NOT INDUCE VOMITING. If the victim is conscious and not convulsing,
give 1 or 2 glasses of water to dilute the chemical and IMMEDIATELY call a
hospital or poison control center. Be prepared to transport the victim to a
hospital if advised by a physician.

If the victim is convulsing or unconscious, do not give anything by mouth,
ensure that the victim's airway is open and lay the victim on his/her side with
the head lower than the body. DO NOT INDUCE VOMITING. IMMEDIATELY transport
the victim to a hospital.

*SYMPTOMS :

Symptoms of exposure to this compound may include moderate to severe ir-
ritation of the eyes and skin [058,102,371,421}. It may also cause irritation
of the mucous membranes and upper respiratory tract [036,058,421]. Inhalation
of the dust or vapors of this compound may cause coughing or sneezing [102,
371]. It may also cause nosebleeds and asthma attacks in persons who have
previously had asthma (102]. It may also cause bronchitis (102,421]. Repeated
or prolonged exposure can cause skin burns [058,102,371)]. It may also cause
skin rash, dermatitis, conjunctivitis and chronic eye irritation. Absorption
into the body leads to formation of methemoglobin which in sufficient concen-
tration causes cyanosis. Onset may be delayed 2-4 hours or longer. Exposure
may also damage the liver and kidneys (102]. It may possibly cause pulmonary
sensitization [421]. Other symptoms include chronic congestion and ulceration
of the nose, eye burns, allergic respiratory reaction, a burning sensation in
the nose and throat and gastrointestinal disturbances [058]. Consumption of
alcohol may increase toxic effects [269). It will cause internal irritation if
taken by mouth (036). It may also cause smarting of the skin [371]. Skin sen-
sitization may occur [401].

-SOURCES

*SQURCES:

[015) Lewis, R.J., Sr. and R.L. Tatken, Eds. Registry of Toxic Effects
of Chemical Substances. On-line Ed. National Institute for
Occupational Safety and Health. Cincinnati, OH. TI3150000.
March 22, 1989,

(017} Weast, R.C., M.J. Astle, and W.H. Beyer, Eds. CRC Handbook of
Chemistry and Physics. 67th Ed. CRC Press, Inc. Boca Raton,
FL. 1986. p. C-431, #11493.

[025) Buckingham, J., Ed. Dictionary of Organic Compounds. 5th Ed.
Chapman and Hall. WNew York. 1982. Vol. 5, p. 4697, #P-01794.

(031) Windholz, M., Ed. The Merck Index. 10th Ed. Merck and Co.
Rahway, NJ. 1983. p. 1063, #7256.

' . . 1
. [036] Bretherick, L., Ed. Hazards in the Chemical Laboratory. 4th Ed.
PR . The, Royal Soc1ety of Chemlstry London. 1986. :p. 46l.

VJ:E{Q38jﬁ$tull =D, R ' Vapor pressure of pure substances: Organie Compounds.
- Industrial~and Engineering Chem. 39(4):517-550. 1947. p. 526.




[6;;]
[{047]
[G55]
[058]
[062]
[066]
[082]
[102]
{107]
[110]
[120]

[(205]

{269]
[275]
{301]

[326]

{3711

sH&S:PHTHALIC-ANHYDRIDE:85-44-9

- Page 6 of 7-

Sax, N.I. and Richard J. Lewis, Sr. Dangerous Properties of Industrial
Materials. - 7th Ed. Van Nostrand Reinhold.. New York. 1989.
Vol. IIT, p. 2783, #PHWIS50.

Weast, R.C. and.M.J. Astle, Eds. CRC Handbook of Data on
Organic Compounds. CRC Press, Inc. Boca Raton, FL.
1985. vVvol. II, p. 114, #P02036.

Verschueren, K. Handbook of Environmental Data on Organic
Chemicals. 2nd Ed. Van Nostrand Reinhold. New York. 1983.
p. 1002.

Information Handling Services. Material Safety Data Sheets
Service. Microfiche Ed. Bimonthly Updates. April/May
1989. #1033-096, F-14; #5035-068, D-11.

Sax, N.I. and R.J. Lewis Sr., Eds. Hawley's Condensed Chemical
Dictionary. 1lth Ed. Van Nostrand Reinhold. New York. 1987,
p. 915.

Bretherick, L. Handbook of Reactive Chemical Hazards. 3rd Ed.
Butterworths. London. 1985. p. 699.

U.S. Environmental Protection Agency, Office of Toxic Substances.
Toxic Substances Control Act Chemical Substance Inventory: 1985
Edition. 5 Vols. U.S. Environmental Protection Agency.
Wasnington, D.C. January 1986. Listed.

U.S. Department of Health and Human Services and U.S. Department
of Labor. NIOSH/OSHA Occupational Health Guidelines for Chemical
Hazards. 3 Vols. DHHS (NIOSH) Publication No. 81-123. January,
1981. vVol. 3.

Occupational Health Services, Inc. Hazardline. Occupational
Health Services, Inc. New York. Listed.

Oak Ridge National Laboratory. Environmental Mutagen Information
Center (EMIC), Bibliographic Data Base. Oak Ridge National
Laboratory. Oak Ridge, TN. Not listed.

Oak Ridge National Laboratory. Environmental Teratogen Information
Center (ETIC), Bibliographic Data Base. Oak Ridge National
Laboratory. ©Oak Ridge, TN. Listed.

Dean, John A;, Ed. Lange's Handbook of Chemistry. 13th Ed.
McGraw-~Hill Book Company. New York. 1985. p. 7-596, #p325.

Lenga, Robert E. The Sigma-Aldrich Library of Chemical Safety Data.
Edition 1. Sigma-Aldrich Corporation. Milwaukee, WI. 1985.
p. 1490, #C.

Aldrich Chemical Company. Aldrich Catalog/Handbook of Fine
Chemical. Aldrich Chemical Co., Inc. Milwaukee, WI.
1988. p. 1224, #32,006-4.

Dreisbach, R.H. Handbook of Poisoning: Prevention, Diagnosis
and Treatment. 11lth Ed. Lange Medical Publications. Los
Altos, CA. 1983. p. 218.

Office of the Federal Register National Archives and Records
Administration. Code of Federal Regulations, Title 29, Labor,
Parts 1900 to 1910. U.S. Government Printing Office.
Washington. 1987. p. 680. :

U.S. Coast Guard, Department of Transportation. CHRIS
Hazardous Chemical Data. U.S. Coast Guard. Washington,
D.C. 1985. Vol. 2.

»

Nutt, A. R. Toxic Hazards of Rubber Chemicals. Elsevier




iféisjw

[421])

[451]

[545]

[610]

[620]

Applied Science Publishers. New York. 1984. p. 98.

American Conference of Governmental Industrial Hygienists.
Threshold Limit Values and Biological Exposure Indices
for 1988-1989. BAmerican Conference of Governmental
Industrial Hygienists. Cincinnati, OH. 1988. p. 31.

Bmerican Conference of Governmental Industrial Hygienists.
Documentation of the Threshold Limit Values. 5th Ed.
American Conference of Governmental Industrial Hygilenists.
Cincinnati, OH. 1986. p. 487.

National Fire Protection Association. Fire Protection Guide on
Hazardous Materials. 9th Ed. WNational Fire Protection
Association. Quincy, MA. 1986. p. 325M-80.

Office of the Federal Register National Archives and Records
Administration. Federal Register, Dept. of Labor, Part III.
U.S. Government Printing Office. Washington. January 19, 1989.

p. 2949.

Clansky, Kenneth B., Ed. Suspect Chemicals Sourcebook: A Guide to
Industrial Chemicals Covered Under Major Federal Regulatory and
Advisory Programs. Roytech Publications, Inc. Burlingame, CA.
1990. Section 3, p. 24.

United States National Toxicology Program. Chemical Status Report.
NTP Chemtrack System. Research Triangle Park, NC. November 6,

Listed.

T oH&S:PHTHALIC ANHYDRIDE 85-44-9 - S e - - Page 7 of 7

1990.

file://G:\H

&SPHTHALIC ANHYDRIDE 85

Return to NTP Home Page
Please send queries, comments, and suggestions to:
ntpwmi@niehs.nih.gov
Last revised: 13 August 2001

44-9.htm







