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THE USE OF NAPHTHALENE DERIVATIVES IN INORGANIC
ANALYSIS

VI THE NITRONAPHTHOLS AS FLUORIMETRIC REAGENTS
FOR STANNOUS TIN
J. RUACANDERSON®*, A, J. COSTOUILAS anNDp J. L. GARNETT
N.S.W. University of Technology, Sydney (Atestralia)

INTRODUCTION

In carlier papers of this scries, the usc of naphthalene compounds has been reported
for the fluorimetric detection of various cations!-¢, In particular, nitronaphthalenc
derivatives have been utilized for the fluorimetric detection? =% and determination?
of stannous tin. For this paper, the nitro derivatives of r-naphithol and z-naphthol
have been examined and found to be of importance in the detection of tin by fluorime-
tric methods. Spots of aqueous solutions of 49 metal salts were placed on No. 1 What-
man Chromatographic paper, air dried and then sprayed separately with o.1 %, solution
of the reagents dissolved in a mixture of equal volumes of g6%, cthyl alcohol and roNV
hydrochloric acid, The paper was air dried, sprayed with 15V NH,,OH, again air dried
and viewed under ultra-violet light., Under these conditions only stannous tin ex-
hibited any marked fluorescence. The addition of oV HCI to the alcoholic solutions
of the nitronaphthols was found to increase the sensitivity of the test. The intensity
of fluorescence was found to vary with the position of the nitro group in the naphthol
nucleus.

EXPERIMENTAL
Syuthesis of reagents

A summary of the methoads of synthesis of the nitro-naphthols will be putdished in the near
future Ly Brysons® All nitro-naphthols can be synthesized from the corresponding nitro-naph-
thylaminest by a diazotisation procedure and subscequent replacement of the dinzo group by
hydroxyl. The synthesis of s-nitro-t-naphthol from s-nitro-t-naphthylamine is an e¢xample of
the procedure used for the preparation of the nitronaphthols.
5-Nitro-r-naphthol

5-Nitro-t-naphthylamine** (0.8 g) was warmed in a mixture of sulphuric acid (5 mil, sp.gr. ~
1.84) and water (50 ml), then cooled to 0-5° so that the nitronaplhithylamine was present in a
finely divided state as the sulphate paste, the most suitable form for efficient diazotisation., A
solution of sodium nitrite (0.5 g) in water (2.5 ml) was added from a dropping funnel over a period
of 10 min at 0o-5” and the presence of excess, nitrous acid confirmed by the starch—potassium
iodide test. The mixture was stirred for ¢ h at o-5°, then urca (o.1 g) added to destroy excess
nitrous acid, The diazo solution was now added slowly over a period of 1o min to 2N HaSO4
maintained just below the boiling point. After the addition was completed, the mixture was boiled
for a further 10 min, filtered hot and the filtrate chitled. The flocculent yellow crystals of 5-nitro-1-
naphthol were separated and recrystallised from boiling water using a trace of activated charcoal
to remove the small amount of red dye which unavoidably forms during the sulphuric acid de-
composition step.

* On study leave at Birkbeck College, University of London.
** lor the synthesis of this compound see GARNETT AND LockA4,
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Yield 0.5 g; m.p. 171-2°; Literaturc 171°8

The same procedure was used for the synthesis of the remaining nitronaphthols, except 8-nitro-
1-naphthol and 6-nitro-2-naphthol.

8~Nitro-1-naphthol

When the diazo compound from 8-nitro-r-naphthylamine was decomposed in 2N HeSO4,, fol-
l()\\ln{., the same procedure as previously reported, excessive coupling appeared to occur, resulting
in bad tdrrmg and a very poor vicld (approx. lo",,) of 8-nitro-1-naphthol. The yield was improved
to 309 by using stronger mllphurlc acid (4NV) in the (lL(.()"lp()\lthl‘l step. I3BRYSONS suggests that
cven better vields can be obtained if the diazonium solution is slowly added to the sulphuric acid
at 50" (mstc..ul of 95°) and the solution slowly brought to the boil. This minimises the loss of
8-nitro-1-naphthol through the competing u)upllm, reaction.

6-Nitro-2-naphthol

This compound can also be readily synthesized from the corresponding nitronaphthylamine by
the diazotisation procedured, however the anthors have used an alternative method of preparation
which involves a pressure desulphonation of O-nitro-2-hydroxy-naphthalene-8-sulphonic acid in
10N HICIL.

A solution of o-nitro-z-hydroxy nnphtlmlcmz-x-:mlplwnic acid®* (1.0 g) in 10N HCL (10 ml) was
carcfully heated to 1607 for 2 h in a sealed glass tube, then cooled. The solution was diluted with
water (9o ml) and the precipitate filtered, dried and recrystallised from benzene in pale yellow
ncedles.

Yield 0.48 g:; m.p. 158-9°

This compound showed no depression of melting point when mixed with an authentic sample
of O-nitro-z2-hydroxynaphthalene prepared from G-nitro-2-naphthylamine by a diazotisation pro-
cedure.

The observed and reported melting points of the nitro-naphthols are listed in Table

I and com-
pared with those of the parent a- and f-naphthols.

TABLE L
MELTING PPOINTS OF THE NITRONAPHTHOLS

Suhststuent ()lnerved 1, /'. I,m'rulme ”m, p
NO,. ot °C
1 95.5 90
2 122 122
2 I 127.5 128
3 1 108—-9 167-8
* H 166 164
5 1 171-2 171
o 1 181-2 181-2
7 1 2120 —
8 L 242d 212d
L 2 103 103
4 2 120 120
5 2 148 147
(&) 2 159 156-8
7 2 163 159
8 2 '45 145

a 7 Nxtro-l mtphthol is a new cmnpoun(l tllc sy nth(_sls
of which will be described elsewhere8,
d decomposed without melting.

It will be noticed that the obscrved and reported melting points for 8-nitro-

r-naphthol do not agree. BrysoN® discusses this anomaly and presents strong ¢vidence
to support the observed meclting point.

From Table I, it can be seen that 13 of the theoretically possible 14 nitro- na.phthols

* Sce ANDERSON, GARNETT AND Lock? for the synthesis of this compound.
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are listed,

3-nitro-z-naphthol being the exception. This compound can be synthesized

from 3-nitro-z-naphthylamine. However, this is the most difficult of all nitronaphthyl-

of

Technique of spot testing

the corresponding nitronaphthol.

amine preparations and was unavailable in sufﬁcxcnt quantity for the preparation

The standard procedure reported in previous communications!’3 was used. The

reagents employed are listed in Table . The results obtained are shown in Table II1.

TABILE II

REAGIENTS USED FOR SPRAYING METAL IONS

Reagml ) Keagent
I(g;gml 0.2Y%, Solution in a mixture of equal volumes I‘i{‘vﬁm‘ 0.1 Solution in a misture of equal volumes
‘ n/ yf;“., elhyl ulculwl und mN HCt '

n/ 96’:{, ethyl alcohol and 10N HCI

1 2-Nitro-t-naphthol 8 1-Nitro-z-naphthol
2 3-Nitro-1-naphthol o 4-Nitro-z-naphthol
i g:g:t:g:::::ﬁ:::::g: 1o 5-Nitro-2-naphthol
5 6-Nitro-1-naphthol r 6-Nitro-z-naphthol
6 7-Nitro-1-naphthol 12 7-Nitro-z-naphthol
7 8-Nitro-1-naphthol 13 8-Nitro-2-naphthol

TABLE 1II

FLUORESCENCE OBTAINED ON SPRAYING SPOTS OF IONS WITH VARIOUS REAGENTS,
BEFORE (13) AND AFTER (A) QUENCHING WiTH 15N NHOH

Reagent N

r 2 3 4 5 G 7 8 9 10 - 1 ra 13
Ton [} A B ADB A B A 14 A B A B A B A B A 3 A B A B A B A
Sn+2 F(s)I(s) F 1 F P F F(s) F FEFEE) F) FEEF F P Fs) F Ol F FE)EE) ) F
Sp+a I (t)
Ag+d 17 (t)
Al+3 IF(t) F(t)
Li+ F(t)
Bete 17(t) () F(t) F(t) IP(t) F(t) B(t) F(t) F(t)
Th+a F(t) .
ZrO+2 I (t) F(t) F(t) F(t) F(t)
T4 E(t)
In+d I'(t) F(t)

V1g+2

W+8, UOgt2, VO+2, V+o, Rutd, Ti+3, Cd+2, Ag+.

These ions gave cither no fluorescence or coloured spots with only a faint trace of fluorescence.

Other ions tested included: Fe+2, Fet3, Hgt, llg*" As+3,Sb+3, Bi+d, Cr+3, Mn+2, Znt2, Sr+2, Ca+2, Ba+2

Cut2, Co*2, Nit2, Ph+2, Na*, K+, Rb*, Cs+, Cet3, Ce'd, Mo*o, Dt+2, Pt+4, Au+s, Pd+2, TI+, T1+3,

B = Before quenching with 158 NH4OH 1°(s) = Slight fluorescence
A = After quenching with 15V NH4OH I°(t) = Trace of fluorescence
I = Fluorescence FF(b) = Coloured spot with faint fluorescent ring
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Lffect of acid upon the test

Two series of sensitivity tests were performed using (a) the nitronaphthols dissolved
in g6Y%, ethyl alcohol and (b) the nitronaphthols dissolved in equal volumes of g69,
cthyl alcohol and 10N HCI The results are summarised in Table IV.

TABLE IV
EFFECT OF ACID UPON THE INTENSITY OF FLUORESCENCE

e s o e e e ST - S
Series 1 ar g \
0.1%, ins 96%, cthyl I A AR cqual volumes I A
alcohol 9“'"‘1, 7(:.{\’/, I‘;(t’; “
2-Nitro-1-naphthol WIs WI* 2-Nitro-t-naphthol Wi * \WF
3-Nitro-t-naphthol I F 3-Nitro-t-naphthol I’ SIF
4-Nitro-1-naphthol WE F 4-Nitro-t-naphthol ¢ I’
5-Nitro-1-naphthol WI? \WIF 5-Nitro-1-naphthol ¢ v
6-Nitro-1-naphthol WIe Wie 6-Nitro-t-naphthol wWie I
2-Nitro-1-naphthol WI° I 7-Nitro-1-naphthol WIP Iy
8-Nitro-1-naphthol WIS 17 (h) 8-Nitro-t-naphthol Wi F(h)
1-Nitro-z-naphthol Wi Wi 1-Nitro-z-naphthol Wi IF
4-Nitro-z-naphthol I’ 3 4-Nitro-z2-naphthol I SE
5-Nitro-z-naphthol I 1’ 5-Nitro-2-naphthol \Wi? S
6-Nitro-z-naphthol WFEF Wis 6G-Nitro-2-naphthol Wi I°
7-Nitro-z-naphthol WI*? WIS 7-Nitro-2-naphthol Wi Wi
8-Nitro-z-naphthol Wi I 8-Nitro-z-naphthol WIE St
SIF = Strong fluorescence I°(h) = Coloured spot surrounded by a faint fluorescentring
I¥ = Fluorescence I3 = Before quenching with 15V NHLOH
WE = \Weak fluorescence A = After quenching with 15N NH4,OH

The above results are in agreement with the data reported for the nitronaphthyl-
amines? where the presence of strong hydrochloric acid in the reagent solution improved
the fluorescent properties of the particular reagent in the detection of stannous tin.

Sensitivity tests

Sensitivity tests were carried out on freshly prepared dilute solutions of stannous
chloride containing 2 ml of 30Y%, hypophosphorous acid per roo ml of solution3. All
the nitronaphthols exhibited a blue fluorescence under the conditions of test except
rcagent No. 7 which yiclded a purple spot with a fluorescent ring. Reagent Nos. 1, 8
and 1z gave only slight fluorescence. Reagent Nos. 2, 9, ro and 13 gave the most
intense fluorescence of the series and were capable of detecting ro—% g stannous tin
whilst the remaining reagents were sensitive to ro-4 g stannous tin. The nitro deri-
vatives of z-naphthol produced more intense fluorescence than the corresponding
derivatives of r-naphthol. Blank experiments were performed on the dilute hypophos-
phorous acid solutions described previously and were found to yield no fluorescence.

DISCUSSION

In earlier papers of this scries, it has been shown that both the nitronaphthylamines$
and nitro-aminonaphthalene monosulphonic acids!’®5 can be used as fluorimetric
reagents for stannous tin, the species responsible for the fluorescence being the excited
References p. 242
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state of the naphthylammonium ion. More recent evidence indicates that the test
will also be given by other nitronaphthalene derivatives, in particular 6-nitro-
2z-hydroxy-naphthalenc-8-sulphonic acid® and the reagents reported in this paper,
the nitro-naphthols.

In general, the trend of the results with the nitronaphthols confirms the carlier
work reported for the nitronaphthylamines, bearing in mind that the nature of the
tests enables only a semi-quantitative study to be made of the type and intensity of
the fluorescence exhibited by cach compound.

From cvidence available at present, the following conclusions can be made when
attempting to correlate the effect of structure of reagent with intensity of fluorescence.

(r) Thosc substituted naphthalene derivatives (cither naphthylamines or naph-
thols) containing a nitro group in the scecond ring appear to yield a more intense fluo-
rescence than the corresponding homonuclear substituted nitro compounds.

(2) The nitro derivatives of the B-substituted naphthalences (naphthylamines or
naphthols) produce a more intense fluorescence than the corresponding nitro d(,rl\d.—.
tives of the a-substituted compounds,

T'hese results are in agreement with the data reported by ALLiN and his co-workers?
who studicd the effect of substituents in the naphthalene ring upon the fluorescent
propertics of the individual compounds, also the results of ToMascHER!'? who reports
that the prescnce of substitucents —OH and —NH, intensify the {luorescence of a
particular compound and displace it towards the longer wavelengths.

The exceptions to the above conclusions are the 8-nitro-7-substituted naphthalence
derivatives which exhibit poor reactivity in the stannous tin test when compared
with the remaining isomers of cach particular series. Both 8-nitro-r-naphthylamine?
and 8-nitro-r-naphthol, in cither weakly or strongly hydrochloric acid solution yicld
poor fluorescence with stannous tin. 1t is suggested that hydrogen bonding is respon-
sible for this phenomenon z.e. the case of reduction of the nitro group is impaired
by a hydrogen bond to, cither the amino group in the case of 8-nitro-r-naphthylamine?,
or to the hydroxyl group in the case of 8-nitro-1-naphthol. This hydrogen bonding
will be exhibited by both the free base and the acidic forms of the compounds as figures
(I, IT and IIT) illustrate.

~

L.g.

~O..e  H “O.ees H* -O.... H

O *j | O Fi | F O. l

N NH N N{ﬁ N o
\/““ //\/\\ //\/\\\
i /| I ! //I

RPN s \/ /\/

(1) (L) (I'tD)

Further support for the presence of an intramolecular hydrogen bond in these com-
pounds is shown by the relatively poor reactivity alrecady observed when 8-nitro-1-
naphthylamine! is diazotised and the diazonium group replaced by hydroxyl. 8-Nitro-
r-naphthylamine? exhibits the least reactivity of the nitronaphthylamine series in this
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reaction and the slow rate of diazotisation may be attributed to the cxistence of a
hydrogen bond between the nitro and amino groups.

In the ortho-substituted compounds (i.¢. 2-nitro-1- and r-nitro-z-derivatives) this
same lack of reactivity is not as appreciable as with the 8-nitro-r-compounds. Both
ortho derivatives are readily diazotised and yicld a positive stannous tin test, although
the fluorescence is not so intense as with the remaining isomers of the scries (except
for the 8-1 derivative). Obviously the hydrogen bonding in the ort/io derivatives (1V,
V) does not influence the case of reduction of the compounds as markedly as the
hydrogen bonding doces in the 8-1 derivative,

This observation is consistent with the cffect of ortlio nitro substituents on the
acidity of phenols and anilinium ions!t. With these systems, it is found that such
factors do not appreciably affect the basic strength except in N-substituted anilines.
Some indication of this effect can be seen from an analysis of Tuble VI,

TABLE V

THONIZATION CONSTANTS OF SOME PHENOLS IN WATER SOLUTION

Compound K
PPhenol 1.2.50-10
o-Nitrophenol 6.8 10-%
m-Nitrophenol 5.0-10-0
p-Nitrophenol 7.0 10°8
2-Nitroresorcinol 1.5910~4
4-Nitroresorcinol 1.04°10™0

It will be observed that it makes relatively little difference to the K value whether
a nitro group is placed ortho or para to a hydroxyl group. This indicates two significant
features.

Firstly, it might have been expected that hydrogen bonding in the ortio compounds
such as (VI) might preferentially stabilize the neutral forms of the ort/io compounds.

H + .
i . o4 R ~H
}I\N/I[ O~ 0"5'.\'/0 H (@] O-

, ! Ve . /s I :
/9:'/\\.'/\\.\ ./Ij=o L \ e /I\Jj-'-~l-[ o \\“/N=O
: ¥ ;o N ) ~“H . i
‘:.‘.’/.\\ ,//,/ '// \// . . 1://

(IV) (V) (V1)

Sccondly, there is a possibility that the orthio nitro group will be forced out of the
plane of the benzene ring and thus lose part of its potency as an acid-strengthening
substituent. The results indicate that neither effect is large. This conclusion is fortified
by the comparison of 2- and 4-nitro-resorcinol. In the former compound both hydroxyl
groups are ortho to the nitro function and so distortion from planarity should be in-
crcased if it were of measurable significance.

By comparison, recent unpublished work® in the naphthalene series indicates that
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small “ortho’’ effects do occur with the nitro-naphthylamines and nitronaphthols. In
cach particular serics, infrared studies and pKa determinations show that intramolec-
ular hydrogen bonding is present to a small degree with the 1-2 and 2-1r compounds,
and to a morc appreciable extent with 8-t derivatives. These observations arc con-
firmed by our stannous tin tests where the relative magnitude of the hydrogen bonding

appcars to be slightly greater with the 8-1 derivative than with either of the 1-2 or
2-1 compounds.
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SUMMARY

Thirteen nitronaphthols have been examined and found to be of use in the fluorimetric detection
of stannous tin, The reagents were capable of detecting 1071 to 10-% g stannous tin whilst the nitro
derivatives of z-naphthol produced more intense fluorescence than the corresponding derivatives
of r-naphthol. Of the series examined, 8-nitro-1-naphthol was the least reactive, and this was attri-

buted to the presence of intramolecular hydrogen bonding Letween the nitro and hydroxyl groups
in this compound.

RIESUME

Les nitronaphtols ont ¢té¢ examinés en vue de leur utilisation comme réactif fluorimétricue
de Uétain(l1). On peut ddéecler ainsi jusqu'h 10-4 — 10-% g de cet ¢lément. Les dérivés nitrés du g-
naphtol donnent une fluorescence plus intense que les dérivés de 'a-naphtol.

ZUSAMMENFASSUNG

Eine Anzahl Nitronaphtole wurden auf ihre Eignung als fluorimetrisches Nachweisreagenz fir
Zinn(11) geprift. s lassen sich hiermit noch 107 - 1078 g Zinn nachweisen. Dic Nitroderivate
von fi-Naphtol zeigen cine intensivere IFluoreszens als die entsprechenden Derivate des atNaphtols.
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