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ol - ’ ’ ABSTRACT SOl

\ 2 Forma‘luehyde _'|s present I1n the indoor air of many
industrial and non-industrial environments. The proceaure

mQst ccnlnon.ly employed 1n North America for -1ts analysis 1s
~

one that uses chromotropic acid and concentrated sulphuric
T acid. The nature.of the purple chromogen that 1s produced
lﬁ'tqe analytical 'proceuure has not been fu)ly understood ,

.until now. Evidence will be presented to suppnrt the

hypothesls that the chromogen haa a mono catlonlc . R

dmenzoxanthy) lum structure and.not a uu - Rara- qummda]
s

one that 18 commonly cited.. .
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INTRODUCTION ) il

Smce its discovery in 1859 by Butlerov (98]

K/ o g fcrmaldehvda [xl has pecome one of the most important and B

/ widedy used “industrial chemicals. In Canada aloné 1n 1980
J ‘approxxmately 109,000 ton:’ were produced (2). In 1983
approximately’ 830,000 tons were proguced (3) in the v.5..-
Forinaldehyde is a colourless, flammable gas with a :
‘characteristic pungent odour. Tt Is’ extremely rritating to

. the mucous membrane of the eyes, nose ,and upper respiratory-

trac,t even vhen present ln cuncentratnons as low as 20 : o

ol parts per mllHon (4). It has a noglxng point of -+9=C and

. # Ao AN
a freezing point-of -118°C (5. It is'very soluble in water #

+

and combines readily with.many chemicals. Anhydrous gaseous

ol " formaldehyde Is not comme_rcﬁ?‘lv avallable because it

polymerizes ea'éxly and as a result, most forialdehyde is

-so0ld in the form of aqueous solutions (“tormalln")

containing 30 -56% formaldehyde with 0. 5—1595 methano! as an:

lnhlbi‘(or <§), It Is also cmetc;all)\avallable. as the

cycllc‘trxmer trloxane [2), and’as 1ts llnear

low—molecular—mass homopolymer, paraformaldehvue 31.

) _H\C=0'.* . (ﬁ ' {cuzo}




Commercially for‘ma'ldehydg Is produced by tha.air
oxmatlon ef methanol- 1n, Ehe pEesence of a c’atalyst <1)‘»
e.g. si'lver or \ron—molyb?enum oxide. Formaldehvde 18 used
pnmarlly in the production of p\asnc’s and resins. In 1980
in Canada over 60% of the formaluehvde produced was used 1n
the productlon €2) of urea~ fermaldehyde and
phenol-formaldehyde resins. The former 1a‘u5.ea in the
production of among other items,.particle-board glues, o

hardwood pllywood. furniu;re glues, textile finishes,.

‘fertilizers, thermal insuiation, baking enamels,.and

wet—’resistant’[papérs.'Phénul-fbrmaldehybe resin ‘is used in
. . ’ - ' N
the manufacture ‘of among| other items, softwood and plywood
glues, decorative’laminates, thermal.}nsulatfon tn

fibreglass 1nsulat|cn). brake Iinings, varnishes and

~ electrical components. The non-resin forms of formaldeh;de

»
are used to produce in addition to the above items; inks,
explosives, pharmaceugnca]s, disinfectants, germicides; )

embalming fluids and preservatives (2). .

The analysis of| formaldehyde has long been of
interest to e{/eryone dlchny involved in the industry and

| '
to the occupational safety monitoring and regulatory




organlzatlons.‘Appr'onm'::\tely 60 oc‘cupatlunal groups have
een identified (B) as being potentially exposed to .
forialdehyde - In 1979 1t wes estimated (2) that in the -
Unned_State; approximately 1.40-1.75 million workers were
occupat x.onal ly exposed ‘to fprmaldehyde. The data on the®
toxicity of fermaldéh;de 1s quite extensive”(2.10.11.

Although formaldshyde was Iong suspec(ed ot hemg a

'potennal carclnogan, it vas only 1n 1950 that tormaldebyde ~

‘was linked to ;ancer in.a study (12> 1in whlc}a rats were
ex’posed to relatively high soncehtrat;orgs of furmamehyde‘

The methods of analyses of formaldehyde- depend
Iarqolv on its amounts‘and its occurrencé. In receﬁyears
the presencé of significant ounts of tormaldehyde mn
dmestlc lndbor air has been rec ized. This has be;h a
result of formaluehydn being released from plywood,
partlcleboarc (u) an ure:a-formaldehyde foam inSulation
(U F. P 1.) which had been.extensively used (u)‘»
retronttlnq homes:’ I‘ormaldehyde In air can be analyseu by
several dxﬂorent chemlcally-hased prcceduus. Generally.-
. theése procedures ﬂrst amp|oy a callbrateu pump to.actively

sample a knwn aplount of ‘the air to be tested lnta a

s N

.




'the air. In North ‘America che most widely used .

sultable llguld sorbent as a trapping medium. This 1s

wusually follweq by treatment of the resultant solution
with a reagenc that is highly specitic for tormaldehvdera}l
which produces a chrnmogen that can be quantitatively ‘
measured by ultra- vmle or visible spec!rcsccpy
Comparnson of the cbserved abso:an/ca/to a reference
ca‘lxbranon curve allows for an“determination of the

concentratlhm of the formaldehyde in solution and hence in

: chromogen i-ormlng reagent with formaldehyde 1s chromotropic

" acid. Chromctromc acu/(q) (4.5-d1hydroxy-~

...7-napthalened)sulpnomc acid) 1s used in the methoa
recommendgd by the ;{ahonal Institute for Occupatlonal

Safety and Health ,(NIOSH), Method PRCAM 125 (15.16). '
% b

/_ " The NIOSH procedure'is based upan the earlier work

of gdthers (17,18,19). The limits of detection of
P .
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. . ' .
formaldehyde by th‘é method using a simple uv-visible
spectrophotometer are from 0.2 ug/mL to 10 ug/mL. Far the:
analytical su)utlc‘ns uséd in the pr‘ocedure ‘these limits
corregponc‘: to concentrations of formaldehyde of betweeﬁ.
.7x107* M and 3.3x10°* M. A recent: development i1n which
the thermal lens effect €20> using a laser Wis émployed
permits a lower limit of detection of formaldehyde in the
,analytlcal' s&lutx'on of as 'low as 1.5x10-% . an - s '
_approximately 400-fold enhancement of sensitivity.

There are other "me‘t_;:ous employing rE_'agents that
are more sensitive. with ordinary spectrophotometers. and
are/subject to fe’we_;‘y:‘known interferents t:hra_n chromotropic
acid. One that was widely used’xn Canada during the recent
concern ;:ver formaldehde release in U.F.E".I.;lnsulatgd
homes employs pacarosaniiine (PRA) (21,22) as the reagent
which f%rl'ns a chro;wgen with' f&rmaldehy&e. Th1s method
avolds the use of concentrated sulph\..ur:c.acid which' 1s -
essentlal in the chromotropic acid procedures. Hnwe\;er. 1t
waig only very recently that it was shown that samples of
!o:“v"naldehyde collected in water -as a Frappxng medium-could =™

be stabilized with small amounts of PRA (23,24) and hence

% ) %
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_procedures. The recent findings could possibly lead to p

6

.
pe analysed by the PRA method (21.22). Prior to that.
-dl’luke‘envlronmental formaldehyde sSolutions could only be
stabilized by. the additien of bisulphite «25). og
bacteriocides such as mercury ¢II> ehloride, tin (11>
chioride or sodium pentachlorophenate (26) and as such

5 = {
could only be analysed using thé chromotropic acid

lessening of the importance of the chromotropic acia methog,

in the future. . S g .

.Thg use of chromotropic acid as a formaldehyde-
vspeclﬂcvteagent was first déscribed Dy‘Eegrnwe n 1937
<27>. It has known xnt‘eri'erents as determl‘ned by Altshuller
etsal. (19) when used in gas analyaesf These' Interferents
however are usually not significant where éormaldehyde 18,
ugually encounter;d. The nature of the éhromogen and 1ts
férmatlon by the . reagction of chromotropic acid with
formaldehyde has never been unamblguously provén. The most
often-quoted structure (15,16,28,29,30) forv\'the_’chro'maaeh
formed between cl;\ru_‘motroplc_acld and 'fcrma‘l dehyde h‘as nee;
the' para,para-quinotdal adauct £81. No gyrect p:uof of this

[
structure has ever.been presented. The strycture 1s based
i P
)
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B E on an analogy with the reaction of ‘formaldehyde with

aromatic compounds if the LeRosen test ¢28).

A major objection to this.structure would appear

N " to be the fact that chromstropic acid 1s known to form a
Iérqe -nymber of compounds with d)azo_t\sed derivatives of

aromatic compounds. ‘In_all of these cases, the structures

= f 'bresented Cfor w}’uch ‘very llttle direct proof has been

* advanced) have dlazo. groups undergoing substitution in the

£, position ortho to bath: the hydroxyl and sulphonic acid

i g;'dups. An exafnple is provided by Sulfonazo III (6] (31). .
W <. The str_ondest évu{ence for this type of structure 1s t)hat
5 ) . -
-)‘t is consistent with its chemical proderties. It 1s a

p 5 g “ - P g z
L 8 8 ¥, : strong complexing agent for Ca®', and other metal ions




presumably via the formation of (7). The alternate
structure (8)‘ would not involve the chelating potentxal of

the phenolic hydroxyl groups (31).

EIO\Mkos .
My -
Mo by

(8)

An alternative structure that has been proposed by
Kamel and Wizinger (32> but which-appears to have, been
ignored in the recent |iterature and for which there are
only three brief citations <3_3 34, 15) 1s [91. Thls
mono-cationic clbenzoxanthvllum structure was proposed by |

analogy uith the product obtained (10) when J-acid (1)

(7-amino-4-hydroxy-2-haphthalenesulphonic acia) reacts with

formaldehyde In concentrated sulphuric acid.
v N b

H
|
0

S0;




Carbon, hydrogen and sulphur analyses were
consistent with the.proposed structure [(10). No other
direct evidence was presented for (10]." The -analogons
formaldehyde-chromotropic acid addugt (9] couia not pe
1sclated. from the reaction mixture~Srmce 1t was much-more
water soluble than (10) and thus preciudec a simiiar

carbon, hydrogen and sulp}ur analysis on 1t.

The work described in this thesis was aimed at
understanqmg the nature of the chemistry 'and establishing }
the structure of the chromotropic acnd-fui‘malaehyd‘e
chromogen. 'l.t was felt that a be;ter understanding of the
chmlgtry of the reaction between chromotropic acid and
tormldehyae;:uld lead to a mdl‘ﬂ‘catmn of the method

such that concentrated sulphuric acid could be eliminated

from the method.
. 5




* CHAPTER 1

In the NIOSH chromotropic acid procedure,
concentrateg' sulphuric acid |s us‘ea‘m the development of
the chromogen. The following outlines the steps that are
condugted in a recent modification (36> to the bas 1c NI0SH
Procedure: Aqueous 5% chromotropic acia (300 ul) 1S acded

to a 2.0 mL-aliquot of the sample of formaldehyde in either

distilled or déionized drganic-free water Solution. of in
1% aqueous bisulphite solution (used as a stamlnzer:. The
mixture 1s thoroughly nnxed and 3.0 mL- of concencrated )

sulphufic acid 18 added. After thorough mixi1ng the ,salutlon

*ie heastecl In a boll ing vater bath for L h. The purple }
solution I's alloved to ool to room temperature An aliquct /
of the solutlon Is removed and its absorbance 18 measured
at 580 nm. The reference solution 1s a blank containing no
formajdehyde but which 1s treated ri the Identical manner
as those solutions which do. The resulting absorbance is
(‘:umpared with a calibration curve produced using five
standard solutlons, and' the concenlrat 1on of the
formaldehyde 1s then calculated.

. v
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One of the structures proposed for the chromogen
that is. formed 1s th& para,parg-quinoidal adduct (5] JIts
(o;'matlon canbe envisioned by the mechanism outlined in

Scheme 1: i .




N
12
It can be seen that the alternative ortho.

ortho-quinoldal adduct [12), and/or the Qrtho,para

-quinoidal adduct (13) could in principle also be formed by
a simllar pathway.

so

HO OM ol’ o »
N 0
H’:}.s e 3, % SopH

o . HH .

T2

In order to determine the exqctﬁ:osktxbn on the
chromotropic acld molecule where condensapon' of °» )
formaldehyde occurs it was deteérmined th;t zxtensive
analysis using NMR spectroscopy would be required. The

‘H-NMR'spectrum of chromotropic acid In deuterium oxide

. solution is shown In Figure 1,




‘13
The 60 MHz spectrum is 2 typrcal AX-type (3D).
with two sharp doublets at 7.64 and 7.24 ppm with J-atiz
The assignment of these sjqnals to tl‘-a dppropriate protons
cannot be made unam.blquously by only consnderln& )
neighbouring group e(feuts 0f “the two types of protons on

the chromotropic acia moleculg one ¢on’carbon C-3 or C-6)

is ortho to both the hydroxyl .and sﬁlphomc acid .group, ana .

the other (on cayon ¢-1 -or C- 8) is para-to the hyqroxyl
but g_u_hg to the sulphonic acyd group. Since these two
types of protons are both _gr_;h_q to th_e sulphonlc- atia group

the effect of tha electro

is the same on both of them. The hydroxyl group on the
other hand is ortho to‘the.proton on c—s “Cor C-S) ana para
to the prcton on'C—1 Cor. C-8). Hwever. for phenol It has
been shown that the ortho and para poslnon protons are
equal Iy affected by the hy.droxyl group and have sxmllar
chen!c:a} sh\fts:(aﬁ). In ﬁaphthaline €38) itself the alpha-
prt;tuns appear an)elc‘l €7.81 ppm> with respect to the
beta-protons vhlch appear at 7 46 ppm. A ring-curcent s
effect (§§> can account fof this aas:gnment. By ana!ogy
with ngpthalenq therefore, the chemical ‘shlft at 7.64 ppm

can be a'sslqneé‘ to the proton on C-1 Cor C-8).and the,
. <

ithdra‘wtng‘- sulphonic acid group -




chemlcal Ehlft" at 7.24 ppm can Be assigned to the proton on
C-3 ¢or C-6). Nevertheless, the assl’gnment of chemical
shifts using only the argun;\e;ts made above 1S not’
sifficient forra multi-supStituted napthalene decivative
such as chromotropic acid.

It .yas observed during the 'H-NMR experiments on

)
chromotropic acid in deuterium oxide that with time ‘the

signals at 7.24 ppm gradually diminished in inténsity.

Ul'timately. the signals disappeared completely and the
doublet at 7.64 ppm was copverted into "a sharp"_sxngle’_t. =
This finding;.gyla be reproducéd within 0.5 h when the NMR
t‘ub‘e. coﬁalnlng the chromotrppic acid was heated in a ’
bolling-water bath. The 'H-NMR spectra-from a‘ ;yplca)

experiment' are shown in Figure 2.
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8 This finding could be acc8unted for by the pi¥Way
X ‘shown in Scheme 2. Experiments showed that only’the signals
at 7.24 ppm could be made to undergo exchange in a‘euterlum
oxlde. That a simple hydrogen-deuterium exchange fccurs was
established by adging water to the solution contained in
the_ NMR tube. In this u;y the original “H—NMR spectrum
could be regenerated. Up to this point unequnvc’)cals‘

asslgnmentigf the *H-NMR signals had not yet ‘been achieved.

™ Therefore; even though the proton In the ortho positich to
. . the hydroXyl group Is indicated in Scheme 2 as being .
'exchanged by a deuteriup atom, the exchange of the para

proton could be considered to be. eqlally lkely. v
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;- -~ i
The fact that only oné position on the . _ ~&
S ) ~
* chromotropic acid molecule undergoes facile deuterium .

s v
exchange suggested that only two Bossibilities for a :
quinoidal formaldehyde—chron/ctruplc acid adduct. ﬂamely\g\

~_ para.para-quinoidal adduct/ (5], or the ortho,ortho- -

oidal adduct [12) cofld exist. In order to
i PN %
unegquivo 'H-NMR signals to their respective

)
© . protons 1n chr . It was decided to synthesize
N\

& water-soluble, its acetv
It in agueous sodium hydroxide w
<40>. The reaction affﬁrdgg A product tha
crystallized. ‘Spectral daMere conslstent
the diacetate of the dlsodnum salt of chromotrcpnc acid
(14].. The free acid form could not be crystallize An
X-Ray crystallographic analysis of L14) 1s shown in Rigice

A C .







18 .

This analysis was conducted as 1t was hoped that
the ultimate direct proof of structure of the chromogen, if
1t could be suitably crystallized, would come from Its

)(KRay ctyStallographic analysis. N

\ .
60 MHz "H-NMR spectrum consistg ot a sinole
signal at 2.19,pPm Wue to the acetate methyl groups and.a
pair .of sharp AX-type doublets at B.27 and 7.48 ppm. That

these Iaw—,}‘leld signals were dye to the C-1, C-8 protons

and the C-3, C-6 protons respectively was established by a -~

series of NOE difference e;(perxments conducted with a 3_00

MHz ‘NMR spectrometer?’ﬁ‘hese-are shown in F‘lqures 4a-a.
Figure 48 is’the 300 Mtz *H spectrtjm of (14). The

solvent used was D=0: The signal at 4.8 ppm 1S due to HOD.

In Figure 4b irradiation of the 8.27 ppm signal enhances

‘the signal -at 7.48 ppm relative to "the acetate signals at

2.19 ppm. In Figure 4c irradiation of the signal at 7.48

ppm )enhanee\s the acetate signals relative to the signal at

- B.27 ppm. In Flgure 4d irragiation of the acetate signal

clearly enhances the signal at 7.48 ppm relative to that at
.

8.27 ppnm.
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N~
As a result of trp?\NOE Sxperiment f;he'B‘EV pem *
signal can be assigned to the proton at C-1 {ang C-8> ang
the signal at 7.48 ppm to the pro‘ton at @3 (and C-6>. That
15, the highér~fleld sidnal Is due to the proton orthe ‘to
the acetoxy aroup. By analogy “therefore with chromotropic
ol N : acid itself the higher-field signal wmch underqoes

deuteriym exchange 1S that due to the pro(én Qrtho to the

s hydroxyl\group.

The MC-NMR' spectrum of .chromotropic acid haa been %
assigned previously by Lajunen et al. (41) The spectrum
; §
which '1s shown as Figure 5 consists of six signals.
T R * : L (VY s
/ =,
nw
— - o
\
2 . 2§
- g uarons
N
.
2 e
FQ ) . Elaure 5
T B -
. i . -
v & 5 .
' ' 2
§ - =
' ~5
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Lijunen et al. assigned the signals to the
.respectlve carbon atoms by studying the changes in the '3C
s chemlcal shifts caused by changing the pH of the solutions.
The lacgest effect on the chemical shift was observed for
the C-4, C-5 and C-10 signals when the pH EE changea from
. " 4.8 to 8.0. At basic pH one of the hydroxy) gr‘oups 1s v
ssociated ihto the. corresponding oxyanion. Dissociation
of the second hydroxyl group 18 not possible i1n aqueous
" solution since it is very Strongly hydrogen-ponded to the
ntlghnourlng oxyanion “via'an .intramolecular §|x~memnerea
- : ring. The ,asslgnment of all carbons except C-1 Cand C-8)

-5) were re.aaonably unamblguous. Since it was

s = “ana C-S (and
- i % hoped that '=C NMR apectroscopv would assist in the '
g 'structure determgnanon of the chromogeni torn}ed betweéen
: ‘tormaldehyde and chromotropic acid thls ambiguity was not
acceptable. The;egor{e a ‘zéo-dimensnor‘mal *H-'2C chemical
< shift correlation (ﬁ)‘éxperlment was-undertaken on
chromotropic acid: The experiment ls shown as Figire 6.
' ‘As can be seen, the lower-field signal at 7.94 pgm
due .to !he prctcn'ur’t C-1 (and C-8> xnv the 300 MHz ‘H—NMR .

spectrum correlates wlth the signal at 118.1 ppm in, the 75 *

MH:."C NMR spéctcum. T}us is In agreement with the

S
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assm#menl made by Lajunen et a Also the 'H-signal at

7.24 ppm due to the proton on C-3 (and C-6)> correlates with

the '2C signal at 106.4 ppm. In addition, the applied
~proton test (APT) (39) shown in Figure 6, and the ‘H-'>C
Spin-spin coupled spectrum are consistent with these
assignments. Finally. the '2C-NMR of the

deuter ium-exchangea chromotropic acid revealea that the
intensity of .the signal at 106.44 ppm was diminished by

over 90%. All other signals were unchanged.

This spectroscopic evidence strongly guggested

that it was the C-3 (and C-6) position of ¢hromotropic acid

that was the most reactiuve for the deuterium exchange noted

earller. Thus It Would Imply that it s the orthosoftho-
quinoidal adduct [12) and not the para,para-quinoidal
adduct [S) that would be formed. The objective of ‘r.ms
phase of the work was to';x;am;lgubusly define the NMR
spectrum. of -chromotroplc acid in order to facilitate
‘further positive ldentification of the chromogelf. This

objective was met. '

~
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. CHAPTER 2 .
& . -

Havlnq}eﬂned the 'H-NMR spectrum of chromotropic 5%

-\ !
. acid It was felt that the most; information as to its
reaction with formaldehyde could be obtained by following
- the course of the reaction directly In a.NMR spectrometer.

. The analytlcal sulutl.an contains ; large excess (from

" approximately 240- to 3,000~ fold molar excess) of .
chromotropic acld relative to formaldehyde. The sensitivity
of an ortilnary 'NﬂR spectrometer would not be great enough

.to detect the presence uf"the reactlion i:roduct(s) in the

presence of such a large excess of one of ihe_ reagents.

j F.urtzhermore.the Iow.::oncent.:ratlons ‘employed in ti\e
. analtical procedure precludes the use of even a 3 Foe
high-resolutlon Fourler-transform NMR Instrument. This uus‘.
S confirmed in preliminacy experiments In which both - ' ’
high-resclution Fourler-trar;sferm ‘*H- and !’C;—NHR ) *
- ' spectrometry of the analvgl:’:al reactlions were examined. B
Therefore experiments were conducted with concentrations of
‘reagents which would permit diréct observation in a 60 MHz
*NMR spectrometer. Molar ratios of formaldehyde to ,
i chromotrof:lc acid of only 1:1 and 112 vere \employed. .

v . (S ~
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. The reactions at either molar ratio in the
presence ‘of catalytic amounts of sulphuric acid were found
to be.too rapid to monitor by NHR. Therefore it was decided
to follow the reaction In tﬂe absence of sulphuric acid.
The reaction solvent was water. A 1:2 molar ratio of b
formalaehyc® to chromotropic acid (1.0 mL of an aqueous 1.3
!1;5solhtnun of formaldehy‘ce. and 1.0 g of disodium salt of
chromotropic acid in 1S mL of uen»onnzea'org'amc—‘free. water)
was stirred at reflux temperature. A dark red ~lc‘o]our- formed
at the ohset of refluxing. Aliquots of the reaction mixture,
w‘ere removed perlo&lcal lyj_gé were evaporated to dryness.
The residues ‘{e}e redissolved in deuterium oxide and their
60 MHz NMR spectra-were recorded, Preliminary experiments
indicated that after overnight refluxing the protons in the

aromatic reglon of the NMR spectra were no longer present.

-That Athe reaction appeared to have unuérgone polymerization

4 S
was evident by. the fact that the reaction mixture became ° *
very viscous. A typical series of spectra that were

recorded; Is pres‘ented in Figures 7a-e.
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Flgure 7a Is the NMR spectrum of the reaction
mixture at t=0 h. Apart from the chromotropic acld signals,
a shoulder-to the resldual HOD or Ha0 peak is-barely -
perceptable, and Is due to the hydrated form of
formaldehyde. Figure 7b shovs the epectr\fm which was
recorded at t=0.5 h. In the aromatic region new signals at
8.53 and 8.10 ppm appear,, and there are changes in.the
chemical -shifts and the line shapes of the chromotropic
acld slynals. In addition, a new signal appeard at 5.43 ppm
preuumably due tc methylene protons. Figure 7c shows the .
spectrum which was recorded at t=1 0 h The lowest fleld

slqnals are seen to consist of tuo slnglats. a smdller one

-at approxlmately 8 60 ppm, and the larger one at B 53 ppm.

The signals centered at 8.10 ppm consist of two doublets

‘each having simllar coupling constants, J=2 Hz. The signals

centered at 7.40 ppm conslst.of two overlapping doublets,
of slular intensities and coupllnq conszants J=2 Hz.
Flgure 7d,=hws the spectrum which' was recorded at-t=2.0 h
and which shows no major slqnlﬂcant changes occuring.
Simllar spectra were obtalned at t=3.0 and 4.0 h. The last

spectrum presented as Figure 7e shows the spectrum recorded

after overnlght refluxing. All the aromatic reglon signals
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apparently dlisappeared. The high viscosity of the solutions

could account for this last observation.

The observations in general were initially

.-confusing as.they suggested that it was the C-1 (and C-8)

position on chromotropic acid that was the primary site of
reacnon wPth the formaldehyde. That is, the intensity ot
the slgnals due to the proton(s) at C 1 tand C- 8) was
apparently diminishing relative to that of jntensity of the
Signals die to the protontss on C-3 (and C-6>. This woula
be a direct cont?amcuon to t;e findings noted earlier
with respect to the deuterium exchange experlments

When a 1:1 molar ratio rformaldehvce to
chromotropic acid (or when a Iarge excess of formaldehyde
relative to chromotropu: acid was used) was reacted and-
followed as above‘ a different series of NMR spectra was
obtained. A typical series is presented 1n Figures Ba-e.
Figure Ba 1s the NMR Spectrum of thé réaction mixture at
t=0 h and it is similar to Figure 7a. Figure 8b shows the
spectrum which was r,ec:)raed at t=0.25 h. This spectrum IS
similar to that observed at t=0.5 h in Figure 7c. Figure 8¢
shoys the s‘pectrum.whlch was recordé’d at t/=04, h. Figure 8d

~ .

shows the spectrum recorded at t=1.0 h. This spectrum




Indicates that lhe chromotropic acid has nearly all been
consumg;»as the signals centered at 7.50 ppm have all but
dxsappeared. The lowest field signals consist of two
singless, as noted In Figure® 7c, except that now the lower
fleld singlet was the larger of the tyo, In addition a
methylene peak centered at 5.63 pp;n 1s ev:&enz, +Figure 8e
shows the spectrum recorqet; at t=4.0 h. The‘han&auc region

signals have all disappeared except for a sharp singlet

" Which 1s at 8.12 ppm. The signal due to thg methyiene < P

protons 1s still present but 1s at 4.95 ppm . .' o

These observations are similar to those mdge for

Lhe 1:2 rnolar ratio conditions desccibed above. except_that:. . o .
a cleaner, reaction mixture was apparently tormed when the >

1:1 conditions were employed.

Attembts at separating the.components of the .
reaction mixtures obtained under either sets of conditions ) .
proved to be futile. Thin-layer chromatography (TLC> on )
silica gel or cellulose (42) could not resolve the
m_Axtu_nes. Nelther gwld paper chromatoar*phy (43>, high .
pecformance liquid chromatography (HPLC) using simple,
1on-pair rev?rsed-phase chromatography, with (44) and

without (45) the additlon of lon-palring counter ions. All
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attempts to crys’(alllze the ;pm&uc!(s) were also
unsucesstul . ) t -
The proton-decoupled *>C-NMR spectrum of the cruce
product obtained from the 1:1 conditions was very slm‘ple
with only 7 signals evident. Preliminacy analyses of this ~
spectrum suggested that the sSignal gue to C-3 tana c-6> In
chromotropic acid vas the most affectea with its chemical
shift changing by 12.84 ppm, from 106.44 ppm.in :
chromo;»roplc acid to 119.28 ppm |n‘ the reaction prcc’mct.
The additional signal at 26.94 ppm Is presumably due to a
methyléne carbon (46). The simplicity of the spectrum
suggested that a highly symmetrical product o(\ ;:Aro'motromc
acid was formed. In ad'cﬂtlt;n only a slnqle‘t in the aromat‘lc
region ai 8.10 ppm and a singlet at 4.85 ppm in- the 300 MHz

*H-NMR spectrum was observed. This spectral evidence

suggested that the crude product obtained 1s a linear

polymer of formaldehyge.and chromotropic’ acia linked in the’
ortho,ortho positions as shown in structure (15). The .
two-dimensional ‘H-'3C chemical shift correlation spectrum

of [15) 1s shown In Figure 9.
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In Figure 9 1t can be seen that the signal at
8.10 ppm I the 'H-NMR spectrum 1s correlated with the
carbon signal at 120.01 ppm which 1s aue to C-1 (ana C-8)
of [15). The singlet’ at 4.85 ppm In the ‘H-NMR spectrum is
correlated with thé carbon signal at 26.94 ppm which 1S aue
to the methylene-pbridge carbon of [(15). THe APT shown in
the same figure is consistent with the assignea structure.

In lioht of these findings the observation that
the signals due to protons attached to C-1 (ana C-8, were
diminishing 1n intensity rel tive to those of C-3 ¢and C- 6)

reported above in Figures 7a-e al a-e was con(usnng.

. Therefore .in order to clarify this it Was decided to
synthesize a known mono- or disubstituted degyvative of
chromotropic acid in order to examine 1ts ‘H-NMR“sgectral
properties. The mono-phenylazo derivatives Chromotrope

[16] (31> and the bis(2-sul fophenylazo) derivative <

Sulfonazo III [6] (317 are commercially available and their

'H-NMR spectra were recorded. The spectra were complex

,however, due to the présence of the extra aromatic protons

on the phenylazo groups and were not helpful. In order to
simplify the 'H-NMR spectr®m of Chromotrope 2R (16) an

attempt was made at the synthesis of the pentafluoro

N
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a® f ] analogue (17) using pentafluorocaniline instead of aniline
] in the synthesis,by modification of the procedure reported
| for (6] (31). However, (17] could not be synthesized and
: N this approach was abandoned.
= s
FJ:’;[F
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0 0, 0§ v
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* The di-lodo, di-bromo and di-chloro derivatives
(43) [18a,b,c), appeared to be better choices since there

were no additional protons to be considered.
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However. attempts to synthesise these
di-halogenated derivatives using the 1nadequately
described procedures that were reported by Masiowska and
Duda (43> were unsuccessful. The alternative Brocedures
reporited by Kuznetsov and Basargin (47) were then tried.
Using their procedure for the synthesis of the
monobrominated chromotropic acid [197 affordea only the
¢di-brominated product 118b). Their proceaure was moaified
and [19] was ootaxnee‘ n ap/prcxxmately 60% yielas.

srhe * H-NMR spectrym of (18b] was similar to that
of [15]. The 'H-NMR spectrum 0¥ [19) was more revealing.
showing three signals in the aromatic reglon, one singlet

and two doublets.

The twozdgniensional *H-*2C chemical shift

correlation spect¥um of [19) is shown In Figure 10.
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In Figure 10 it can be seen that the Singlet at
/8.10 ppm 1n the 'H-NMR spectrum is correlated with the '°C
~signal at 121¢33 ppm which 1s due to C-1 of [19). The
doublet at 7.80 ppm (J=2Hz) in the *H-NMR spectrum ls.
correlated with the '3C signal at 118.62 ppm which is due
to C-8. The do‘uble( in the proton spectrum at 7.17 épm
(J‘=2Hz) is correlated with the '=C signal at 107.06 pgn
which 18 due to C-6. The proton_s» on C-6 and C-8 are .
coupled‘ to each other. The APT shown In the same figure is
consistent with the asslgnec; sStructure. A
The NMR spectra of [19) provided essential ot
lnformaflon for inferpretation’of the spectra -ct;taxned
earlier and referred to as Fléures Ta-e land» Ba-e. Figures’
Ba-e therefore indicate that a monosubstituted chromotropic
bacxd—formaledhyde adduct is being formed i1n the earlier
stages of the reaction. Subséqueptly, 1t s gtﬂnverteu mn
the®presence of excebs formaldehyde into the di-substituted
ortho-ortho !inear-polymer referred to as [15). 'O’ther'
intermediate adducts as outlined in Scheme ‘3 c-au]d also be
" formed. Figures 7ale lndl.cate that after 1.0 h the optimal
\a{munts of mona-subslnthted adduct could be obtalned.

Ch\f\gmo!roplc acid itself was always present.
\ <
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. ‘ Scheme 3

CTA = chromotropic acid: F = formaldehyde.
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Tr;e reaction could be terminated after
approximately 1.0 h by‘rapxcly removing 'thf solvent and any
unreacted formaldehyde under high vacuum. Né1ither TLC nor
vHPLc was sultdble for f}actlona(nng and isolating the
components of these mixtures because of their extreme
bater-solubiiity. Paper Ehrcmolography reveaied that ,
chromntropxc acid was always present put It was not
possible to resglve ?ny of the other components 6f the
mixture by this téchnigque. Mfter mucn experx;ner;(atnon.' some

\ of the components of these mixtures could be separated by
gel permeation chromatography (48,49) using Sephadex LH-20.
The major components that could be identified were

™ chromotropic acid (25-30%> and a reddish coloured compound

(55-60%> wposé structure is proposed as being (20].
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Numerous attempts at crystallizing compound (20)

were unsuccessful. However, .clean ‘H+ and '*C-NMR spectra

could ba obtained. The two- dimensional *H-'2C chemical

shift correlation spectrum of (20] is shown in .Figure lLl.
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“In Flgure 11 the sSinglet at 8.60 ppm 1n the ‘H-NMR
spectoum As";:orrelated with the *=C &tgnal at :118.08 ppm
which Is due to C-8 of [20). The doublet at 8.30 ppm
(J=2Hz)> I'n the 'H-NMR spectrum i1s correlated-with the '*C
signal¢at 120.35 ppm which 15 due to C-1. The doublet an_
the proton spectrum_at 7.52 ppm (J=2Hz) 1s correlated with °
the ‘A;C signal at 106.96 ppm which 18 due to C-3. The
protons on C-1 and C-3 are coupled to each other. The |
*2C-NMR spectrum however consnsts of only ten mscernablc
sngnals. Ideally eleven carbon signals woulq pe expected. .
eak ﬂghu comparisons' in l’C-Hr‘ll“-# spectra are generally

unreliable ¢39). Hov;ever, bn the series of compounds that“ Byt
have béen de;‘:rmed above, 1t Is evident that the peak .
heights of the *=C signals due to C-4 and C-5 (those carpon

* atoms which are attached‘ to the hydroxyl groups) are very
similar to those of the '*C signai of C-2 and C-7 (those ¥
carbon atoms which are attached to the sulphonicVacid

groups). In Figure 11 however, the combined peak heights of

the carbon slgna!s at 183. 65 and 152 21 ppm assigned to C-4

and C-5 1n [20) are approxnmately ‘one-half of the peak /
height of the signal at 140.98 ppm. This_latter signal _ { _

. whose chemical shift 1s consistent Wwith the shifts
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assoclated Ul‘th_C—Z and C-7 \vn chro.motreplc acid and 1ts
d‘erluatxves that have been described above 1s therefore
assigned to both carbcnlatoms C-2 and C-7. The singlet at
5.45 ppm 1n the *H-NMR spectrum t.:o‘l‘relates_wllh the '=C
signal at 26.73 ppm which 1s due to the carbon atom of the
methylene pridge between the two chromotropic acid
molecules. The AP‘T shown 1n the same figure is consistent '
with the assigned structure.

y Acetylation of (20] afforded a tetra-acetoxy
compound (21] whose 'H-NMR spettrum was similar to that of
£20] but which in addition showed c'lear'ly two di fferent
types of acetate m’ethy) groups. This 18 additional evidence
for the structure vpro.po‘sed for i20] .

: It should be noted that Because of the highly
water-soluble nature of chromotropic acid and I1ts adduct(s)
with formaldehyde separation and purification had been a
ma,]ct“ difficulty. Prior to our discovery that Sephadex

LH-20 was suitable for the desirpd separations, many"

experiments were directed at synthesizing organic-soluble

derivak!ves. The water-solubility of chromotropic acid and
similat compounds is due to the sulphonic acid groups C(3L).

The conversion of chromotropic acld to the corresponding
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diethyl e?ter (22] was thérefore attemptea. .The disulphonyl”
chloride [23) was synthesized by reacting [14) with
refluxing phosphoryl chioride. Reaction of [23) wigh
. anhydrous ethanol gave the diacetoxy dl/afhvl sulphonyl
.ester £2417 Careful alkaline hydrolysis of (24) afforded
[22]. Spectral cata were consistent with the proposed
s(ructures,‘Unfortuna-te\v {22) was only soluble in water
and highly hydrophilic polar organic solvents and coula
therefore not be extracted into vater immis¢iple organic
solvents. This approach was not pursued further becan;se of

" the success eventually obtained with the gel 'pzrlheatmn

chn}natography.
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h'd Strong e;lndence that reaction of formaldehyde
occurs at C-3 (or C-6) of chromotropic acid has been
obtained by the exper:ments described above. However, it
remained. to be demonstrated that the aaduct ‘(20) 18 1ndeed
a precursor to thé chromogen that 1s produced in the ,
. analytical method. The formation of [20) can be envisionea

by the mechanism outlined in Scheme 4:
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CHAPTER 3

The aaguct [20] as mentioned above has a rea
colour and in aquec;us solution has an absorb;nce max imum 1n
the visible range at S60nm. The chromogen formed in .the
analytical scluKlt.)ns, which are 10.2 M 1n sulphuric acia.
55 a7 AbCEEHENCE MARITUN.AY |SAD ALK EesoLtsn

apsorptivity values of 8.9 x 10® ¢10) and 4.6 x 10~ M !

.
em * (20). When (20) was dissolved in aqueous 10.2 M -

sulphuric acid solutions 1t atforded a solution whose '
absorbance maximum was also 580 nm. The '*C-NMR spectrum of
(201 in'these sulphuric acid solut l‘cns could not be. )
observed under the conditions used. Under these'same
conditions however the '2C-NMR of chromotropic acid rtself
could be observed and récorded. . ﬂ
When oxidation of dilute aqueous solutions of (20]
was attempted with 30% agueous hyd:icqen peroxide no purple
colour formation was observed. Addition of concentrated
sulphuric acid to these solutions to bring them up to the
equivalent of 10.2 M in sulphuric acid did not proauce the

purple chromogen elther. Therefore it was concluded that a

\
X
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simple oxldation alone of the adauct.md not prod;;:e the
chromogen.

N .The effect of acid strength on chromogen formation
was then evaluated. Olanskxv and-Déming (33) have determined
the optimal absorbance response in the chromotropic acid
procedure using simplex optimization. The optimal
absorbance response was shown by them to be a function of
the volume of concentra(;d sulphuric acid and the volume of
the aqueous chromotropic acid solution. Preliminary B
experiments Indicated to us ?that the purple_ chromogen coula
also be pro;:iuced using concent{*atea hydrochloric acia.
perchloric acid and 85% phosphoric acid. Calxbranon. lines’
were determined for each of the above acids in the usual

_ way using standard formaldehyde and 5% agueous chromotropic’
acid solutions. These determinations were undertaken 1n
order to evaluate whether more sensitive responses could be
obtained using these other acids. Figure 12 shows the
calibration lines obtained. Concentrated sulphuric acid
gave the best calibration line slope. The calibration line
‘slope obtained with 85% phosph/onc acia was only 30% of
that obtained wnih the_concentratea sulphuric acid. Glacial

acetic acid failed to generate any colour.

]
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Since sulphuric acid appeared to be the optimal

acid to use the effect of using different concentrations
was examined. The use of 3.0 mL of cur;cen(ratea (96%). or
3.0 mL of 38% sulphuric acid were compared An‘the san\,e way
as described above for Figure 12 except that the
resulting solutions. were all heatea fox: only 1 h. The
analytical solutions formed by the above correspond to
- ’ salitions inich ire 10.2 M and’ 4.10 M in sulphuric acid
" cespectively. After heating. only the Solutions uhich vere
4 ¢ »
10.2 M 1n sulphuric acid haa deve loped zheA purple = .
& chromogen. Thes‘e solutiond®ere diluted by the add1tion of
water i1n proportlxons 'so that the sulphuric acia =
concentrations were reduced to 4.10 M. The calmr‘atlon line
slopes denved from these diluted soclution were equivalent
) to those obtained before the dilution. This implied that
the chromogen once formed originally with concentrated
-sulphur_;;Jacnd could still exist in the 4.10 M suiphuric
acld solutions. These results are shown in Figure 13 .
.Vihen concentrated sulphuric acid was added to 4.10 M
\ sulphuric acid solutions the calibration line slopes of

these reconstituted solutions were identical to the

i previously obtained slopes within experimental ecror. This




result 1s 1included

that the chromogen

tn Figure 13 . Thus, proof was obtainea

formation was not simply pH-depenaent

either. S
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When zinc powder was added to the standara acldic
solutions containing the chromogen and whose, calibration
lines are typified in Figures 13 the chromogen was
completely des;royea. However, upon merely re-heating
these solutions the chromogen could De regenerated and the
Griginal calibration Iines were obtaxned Thus It appearea
as though that the chrnmogen formation involvea an =
oxidation step which occurs in the concentrated sulphuric
acid. The chromogen once formea can.be reversioly requced
by the aadition-of a metal reducing agent such as zinc. ’

" ‘All. Of the above evidence i1s consistent with a
mn‘nc—catlonlc'dlvenzoxanthy]vLum structure for the chr:o-mogen'
and not the éa.r_a'.m—u\hnofga“ un; that.is commonly cited.
Thus, the exﬁerlmen}al dFtaGsuggests that the first step in
the analytical react\onv is the formation of an adduct such
as (20]. The second-step involves the ‘dehydration by a
strong acid to form the dibenzoxanthene-type compound (25].
The oxldation of such a compound would be favoured since At
can. produce. the mono—caucnlc dibepzoxanthy ! ium struc::re
[9). This structure satisfies the Huckel (4na2) rule for
aromaticity since At has 22 p|~electrans and 1s planar as

revealed by molecular models. .
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. ! Several experiments ;lere conducted uslﬁg )
tetra-p-butylammonium phosphate in order to extract [26]
the quaternary Wnnlum salt of the putative chromogen (9]
directly from the acidic solutions. It was possible to go
this using dichloromethane as the solve‘n:. The expectea .
aromatic region protons in the 'H-NMR spectrum at room
temperature were not detectea, however.
3= © ]It was not practical to attempt to isolate the,
chromogen directly from the acidic solutléne by gel 3
permeation chromatography using Sephadex LH-20 smce-the
gel 1tself undergoes char:‘lng when expgd to the étrongly
acidic solutions. If,a solution containing the chromogen is
first neutralized b; the addition of sodium hydraxxee.' and
the resulting solution evaporated to.dryness, the
. relatively lirge amounts of sodium sulpha.te produced
interfere v‘l:h the separation of the smaller amount of ® -
chrul}ogen present. By removing most of the sodium suiphate
. first-by repeated crystallization and flltration, a residue’
could, finally be obtained which could be fra;cg‘mnateu using N

Sephadex LH-20. All that could be .identified however, was

~chromotropic acid and the adduct [20).

. .
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The chromogen could apparently also pe producea
using concentrated hydrochloric acid as was demonstrated
apove 1in Figure 12. The reaction of adauct (20} with
concentrated hydrochloric acid also afforded a purple . L
chromogen whose vijgible spectrum uas/s1mx lar to that which
1S obtained_i1n the analytical reactions. It was reas.cneu
therefore that after the reaction of acauct (20]) with
concentratea hydrochloric acia was effected. the chromoaen
could be i1solated by merely evaporating the solvent
containing the hydrochloric acid. The same would not-°be
possnble.tn achieve with sulphuric acid. When such an.
experiment was carried out 1n concentrated hydrochloric ~
acld, the residue obtained after the chromogen had
apparently been formed was chromatographed on Sephadex
LH-20. Again, only chromotropic acid and the aaauct (20)

_couid be lsloa(éd.‘ The presence of chromotropic acid was ot
concern since chromatographically pure adduct [20] was used
in the reaction. An experiment was conducted in which a
solunc[m of [20) 1n water In an NMR tuge was heated in a
boiling water bath. The 60 MHz 'H-NMR spectrum of the
mixture was periodically monitored. 7Mter 3 h 1t was found

that approilmatelv 50% chromotropic aci'd was now present
7
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In the aqueous solution. Thus, It appears as‘though the

formation of [20) is revgrsed In water. It 1s likely
therefore that the chromotrppic acid observed in the two
previously described experiments resulted from the

retro-addition 1n water of the formaldehyde from [20].

Scheme 6 outlhines this possibility.

Scheme &




54

All attempts at 1solating and Identifying the
putative chromogen [9) or 1ts precursor [25) had nét
succeeded‘ to this point. A f.lnal experiment was undertaken
in order to show indirectly that the adauct [20) was indeed
the precursor of (?].via the dibenzoxanthene-type compouna
(25). Thus, an aqueous i.ii X 10 M solution ot (20) was
prepared. From this solution, five agueous solutions were
prepared by appropriate dilution. Assumlnq‘lhat there 1s

one mole of formaldehyde 1n each mole of the anduc(“lzol.
i the five solutions which were 'prepared had formaldehyde
equivalent concentrations in' the range npblally employed in
the analytical calibration line determinations. Two-mL
aliquots of these sol'utmns were treated with 300 uli of
delonized organic-free water and 3.0 mL pof concentrated
sulphuric acid 1n a manner exactly analogous to the NIOSH
procedures. As a control, the usual standard formaldehyde
calibration line was also determined using 300 uL of 5%
aqueous chromotropic acld and 3.0 mL of concentrated
-sulphuric acid, exactly according to the NIOSH procedures
at the same time. The calibration lines were determined for
the respective resyltant solutions which were obtained
after 1 h heating. The slopes were found to be different. A
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slope of 0.23 AU/Cug/mL) was determined for the control

solutions, and a slope of 0.0'56 AU/Cug/mL) for those

prepared from the adduct.
a 4 \tareful re-evaluation of the results obtained from

‘ this experiment indicated that an inappropriate comparison

was being made. Since the analytical solutions normally

contain a large excess of chromotropic acid over the _

formaldehyde that is determined, It was reasoned that a

t‘rue compar 1son between the absorbances measured from the

solutions derived from [20] could opyly be made 1f the 300

uL of 5% aquecus c?\romotrgplc acid was also gre'sent.

Ther%re. a replicate set of the five solutions p::epared

previously from :r;e aqueous solutlion of [20] was prepared
7 and each solution was treated as before except that each
now contained 300 ul of 5% aqueous chromotropic acid
instead of the 300 ulL amount of water. The calibration
1ines were determlned’ again for the resultant solutions -
which wete obtained after heating for | h. The siope
obta) ec.i was now ldentlcal to that of the contrqgl. These .

results are presented in Fx-gure 14 . 0~
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STATDARD CALIBRATION CURVE WITH HCHO & cTa | SLOPF = 0.2)
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The results obtalned in these last two éxperiments

are also consistent with the mechanism outlined in Scheme

6. Further, the calibration line observations provide

additional evidence that an equilibrium reaction exists in
+ which the excess chromotropic acid shifts the equlxbrlum
favdurably toward the direction of lne\optlmal chromogen
formation. From the highér slope obtained in these
experiments the absorptivity for the chromogen was
calculated to be 18 x 10% M™% cm ' which IS two- to
four-fold greater than those values reported previousiy
€10,20). '

The fact that oxidation of [20] by hydrogen
péroxide did not afford the .chromogen could be due to the
fact that since 1t was in a large excess, the former can
undergo addition to the double bond leading to a

"leuco'-type structure (50> such as (27].
X |
(I .
HOO” i

& . 271
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CONCLUSIONS

1. The site of the reaction of tormaldehyde with
chromotropic acid in agueous or agueous acidic conditions
occurs on the carbon atom which 1S ortho- to both the
hydroxyl and sulphonic acid groups. This has, been proven by
the use of a variety of ‘H- ana 'C-NMR experiments.

2. Using gel permeation chromatography on Sephaaex
LH-20 the water-soluble components of the synthetic '
reactions employing chromotropic acid and inrmc“"h\\;déhyae -
could be separated.

3. An adduct containing a methylene brmég formed
by the coupling of a single molecule of (omal&ehyde
between two molecules of chromotropic acid could be /
isolated and characterized by ‘H- and '=>C-NMR spectr:sccpv.
Attempts at crystatlization of this adduct wece
unsuccessful .

4. The adduct undergoes a retro-addition
equilibrium 1n aqueous solution.

5. The adduct was demonstrated to be a precursor .

of the same chromggen that 1s observed in the NIOSH
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analytical method, by calibration line studies. The
chromogen could be 1solated but could not be characterized.

~
6. The formation of the chfomagen is not simply a

function of pH alone. It 1s hypothesised that a dehydration
step 1s first required to produce a dibenzoxanthene-type
compound. This compound can then undergo facile oxigation

N

to produce the corresponding mono-cationic

dibenzoxanthylium structure. The mono-cation 3\3 planar apd
\ )

-obeys the Huckel (4n+2) rule for aromaticity.
7. The often-quoted para, gar_a—qul'n\{ua\“ structure
(or the chromogen appears to be very unnkely/
8. Concentrated sulphuric acid appears to be the

optimal acld to use in the method.

9. Simple mod:hcanons to the procedure do pot -,,
\ seém feasible 1n light of the unoerstanomg ot the reaction
galned durlng this study.
b . 9 Al




" EXPERIMENTAL

Melting points were determined on a Fisher-Johns
melting point Chot stage) apparatus.

*H-NMR spectra were recorded Ulthv‘t/he following
instruments at the desxgn;ted frequencies: Varian Anaspect
EM 360 at 60 MHz, Bruker WP-80 at 80 MHz. or GE GN-300NB art
300 MHz. **C-NMR spectra were recorded with the Bruker
WP-80 at 20.1 MHz, and/or the GE GN-300NB at 75.47 MHz. The
solvent used was either deuterium oxide or water 'as noka
1n the experimental details. Ultraviolet ana visible
spectra were determined on a Unicam SP.800 Ultraviolet
spectrophotometer. Calibration lines were determined with.a
Perkxn—E'lmer thachx—caleman\ 139 grating single-beam
spectrophotometer. Infrared spectra were recorded on a
Perkin-Elmer 1320 infrared spectrophotometgr using KBr
disks. *

Sephadex LH-20 as supplied by Pharmacia Fine
Chemicals was used in the gel pefmeation chromatography .
Merck silica gel was used for preparative-layer

chromatography using 20 x 20 cm plates of 0.75 mm
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thickness. Synthetic reagents puréhased from Aldrich
Chemical Co. were used except where otherwise noted.
Crystal and molecular structure analyses were
~
conducted on an Enraf Nonius CAD-4 four circle
diffractometer using the omega scan’mode at Energy, Mines

and Resources Canada. Booth Street, Ottawa.
—
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acid disodium salt [(4].-The material supplied by Sigma
Chemical Co., was specthedjs being only 98% pure.
Purified (4] was obtained by dissolving 20 g of ‘tha Sigma
product in 100 mL of water in a 125-mL Erlenmeyer tlask on
a‘hot ghate. A solution Q;zo @ of sodium chlotide in 50 mL
of hot 'wdter.was added to the chromotropic acid solution
until a precipitate formed. The flask was stoppered and the
sstutiion was aTIcued € ifitat cEvstailize ¢ room
temperature and then at low temperature i1n a retrigerator.
The crystals were flltered with suction and dried in air.
The product was almost col::urless: *H-NMR (D20> & ppm: 7.18
¢(d, J=2Hz, 1H, Ar-H), 7.88 (d, J=2Hz, 1H, Ar-H>: '*C-NMR
and APT (D20) & ppm: 106.44 (C-3 and C-6, one attached
proton>, 116.18 (C-10; zero attached protons), 118.12 (C-1
and c-8, q‘ne attached proton), 134.647(C-9, zero attached
protor‘ls). 141.36 (C-2 and C-7, zero attached protons):
15;5.76 (C-4 and C-5, zero attached protur;é): 2-D ‘H-**C
correla’t:on (Dz0>: 7.18 ppm correlates with 106.44 (C-3
and C-6>, 7.88 ppm corfrelates with 1{8.12 (C-1 and C-8):
uv (H:D))\m..l absorbances: 316, 332, 346 pn; Ir <Kar;;m..:

3,500 cm-* (-S0:0-H and ArQ%{>, 1,200 cm™' (S=0),




--In a

typical experiment, an NMR tube was charged with a solution

contalning 67 mg of purified (4] i1n 0.30 mL of deuterium
oxide. A small amount of DSS as Internal standard wasgs ddded
to the solution. The NMR tube was heatea in a boiling water
path. Periodically, after every ten minutes' heating the
"H-NMR spectra were recorded until ‘the signal at 7.18 ppm
completely disappeared and the signal at 7.88 ppm collapsea
to a sharp singlet. The deuterium exchange could be
reversed by adding 0.1 mL of water to the NMR tupe and
thoroughly v;nxlng the mixtyre. The *'=C-NMR spectra were
\r.ecorded for a freshly prepared deuterium oxide solution of
purified !4‘]. and following heating of the NMR tube in a
./‘bax.l I'ng water bath for 1S min. Side-by-side comparisonh of
the spectra indicate that' the Intensity of the 106.44 ppm
signal (C-3 and C-6) was reduced by over 90%. All other

signals were unchanged.

i = i 1
[14).- In a 25-mL Erlenmeyer flask, .1.0'g (2.68 mmol) of
chromotropic acid discdium salt was dissolved.into 3.0'm
of 3.0 M agueous sodium hydroxide. To this solution was

N : . .
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aaded approximately 2 g of crusbed ice, followed by 0.6 mL
of acetic anhyaride. fhe mixture was stirred for 5-10 min
with i1ce-bath cooling. The diacetate separated out as
colourless crystalline neeu‘les. It was filterea by suction
fiitration, washea with portion®of absolite €thanol ana
driead i1n'air. Recrystallization from water artorgea 0.52 g
(42%) of ecrystals havln‘g cecomposxtl‘cn point d’( 320-C.
X-Ray crstallographic analysis revealea that the compouna
was a airhydrate: 'H-NMR (D:0> & ppm: 2.43 ¢(s,3H,CH.), 7.72
¢d, J=2Hz, 1H. Ar-H), 8.52 (d. J=2Hz. IH, Ar-H): uv (H,QA
ma: absorbances: 315, 329, 339 nm

mmnwmmmmw:—ﬁe_cwsm
and moleculaé structure of [14] weré determined by singie
crystal X-Ray diffraction.- Diffraction data were obtained
from a crystal (0.1 x 0.15 x 0.25 mm) mounted on an Enraf
Nonius CAD-4 four clrcle‘ diffractometer using the omega
scan mode. The crystal 1s monoclinic. space group P2./m.

The unit cell dimensions were obtained from 21 reflections

with S7.00"<'29<97.0U‘; and are a=5.67839(7). b=22.2973(2).,

c=7.8438(1) A, B=95.644(2); 2=2i dear.=1626 Mg m =,
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Diffraction data were collected with graphite
monochromat 1zed MoK« ‘radiation (A=0.70930 A.4=0.35mm" >
€0 28 ma.=49.8°, Of the 2,549 refections which were
measured, 1,768 were unique, and 1,411 were considerea
significant (!._.)2.56‘(1”\..))‘ No corrections were made
for absorption. The structure was solved by direct methods
and‘rehned by least squares using the NRCVAX CRYSTAL suite
of programnes (51). Hydrogen atoms were found from
difference Fourier maps. All atoms, except hyarogen. were

allowed to refine anisotropically. In the last difference

( s
map the deepest hole was -0.290 e A"= and the highest peak

was +0.400 e ;"ﬂ. The final rzsldklals were .037.
wR=0.027, goodness-of-fit=2.429 ((;\:‘ Significant '
reflections, and R=0.048, wR=0.028 for all reflections. The
maximum shift/sigma ratio was D._é§9.

R‘Z(l!.l-ll.l/!;lbl)

W= J(2 W1 1R D2 12)

me-M-(It=JI2u(ll‘.\-ﬂd)’/ﬂh. of reflections - No. of paraeters)

Preparation of adduct (15).-The 1:1 formaldehyde-
chromotropic acid adduct was prepared exactly 1n the same

way as decsribed for [20] except that equimolar amourts of
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[4) and formalaehyde were used. The resulting cherry-red
reaction mixture was chromatographed on Ses;hadex LH-20 in
the same manner as for ([20). Only one major component was
1so]ated whose spectral properties was consistent with the
structure (1517 ‘HaNMR <D20> & ppm: 8.10 (s, Co- and®
C.-Protons), 4.85 (s, methylene protons: '~C-NHR <Ds0) §
ppm: 26.94 (C-11, methylene bridge carbon), 117.48 ¢C-10).
119.28 ¢(C-3 and C-6), 120.01 (C-1 and C-8), 130.45 ¢<C-9).
140.03 (C-2 and C-7), 151.52 (C-4 and C-5): uv (H:O)'}\f..

absorbances: 320, 337, 353 nm.

three-necked round-bottom flask was equipped with a

_ magnetic stirring bar, a reflux conq:nser' and a septum
through which a slight positive pressure of Argon was

’ introduced and maintained. To the flask was added 1.0 g of
(41 in 15 mL of deionized organic-free water. Elther 1.0 or
2.0 mL of agueous 1.32 M methanol-free formaldehyde was
-added and th’e mixture refluxed. One-mL allqouts vere -
periodically removed via a‘syrlnge and were S7evapc>raleu to

dryness on a rotatory evaporator agd on a vacuum pump. The
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-
resjdues were each redissolved in 0.3 mL of D=0 and their

60 MHz NMP. spectra were recorded. .

disodium salt [16bl.- In a 25-nL Erlenmeyér flask 1.9 a
(5.1 mmol > of chromotropic acid disodium salt was mixed
with 12 mL of concentratea sulphuric acid (96%, o=1.84
go/mL). The mixture was heated and stirred at 80<C until ail
the solid dissolved. The solution cooied to
approximately 15=C and with const 1;Mng ana
stirring, a solution of g,a ] f5.0 mmol> of bromine 1n 3.0
nL of glacial aéetlc acid.was added dropwise over 1 h.
A_f‘ter thé addition of bromine, ’the solutlon was stirred and
cooled for an additional 3‘h. ‘To thlls sclution, ’
approximately 15 g of 1ce was add;d. The white precnpltat‘e
was n!ger d of £ with suction, using a sxntered»g’lass
funnel\. The residue was dlssol’ved In a minimal amount of
water at roum_témpcrature. To this vaqueous soiu!lon
one-half of l\a volume uf'concentra!ed hydroch)o.rlc acm'
so]utlcnv was added. The greyish white leafiets were on;::
-again filtered otf. using suction andla sintered glass

funnel, and were press-dried. The residue was further dried’

KN
&
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under vacuum to afford 1.25 g (46%) of (‘leb) which
decomposed above 40<C with liberation ;:,( bromine: 'H-NMR
(D05 § pem: 8.10 (s, Ac-H)i *3C-NMR (D.0> § ppm: 102.44
(C’-3 and C-E)..HS:ZG (C-10>, 122.04 (C-1 and C-8), 1301.74
(C-93. 140.11 (C-2 and C-7). 149.62 (C-4 ana C-S)>: 2-D
'H;“C correlation (D:0>,8 8.10 ppm correlates with 122.04
(Cl and C-8>: APT ¢Dz0)> 122.04 ppm ¢C-1 and C-8. one
attached proton); uv (Hz0) Am.. aDsorpances: 340, 358. 375

nm.

disodium salt (192).- In a 25-mL Erlenmeyer. flask 1.9 g (5.1
mmol> of chroylotroslc acid dlﬂod'lum salt was mixed with 12
mL of concentrated sulphurl:‘: acld (96%, d=1.84 g/mL)>. The
mixture was heated and stirced at 80=C until all the solia
dissolved. The solution was cocled to approximately 15C
and with continuous cool ing and ;tlrrxng. a solution of 04
g (2.5 lr'irtol > u‘f bromxhe In 3.0 mL of glacial acetic acid
was added dropwise over 3 h. After the addition of bromine.
the solution was stirred and cooled for an additicnal 1 h.
To the solution, approxn;aately 15 g of ice uu\ added. The

white precipitate was\ﬂ Itered off with suction, using a
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sintered glass funnel. The residue was dissolved 1n a

L7 Tmipimal asnount of water at room temperature. To this

/7
/ aquenus solution one-half of 1ts volume of concentrated

hydrochlor 1c acid solut 1on was added. The greyish white -
leatlets were once again filltered off uslhg suction andg a
sintered glass funnel., and were press-dried. The residue
was further dried under vacuum to afford 1.4 g <61%) of
(191 which decomposed at ‘40“C with liperation of bromuine:

. 'H-NMR (D»0> ¢ ppm: 7.17 (d, J=2Hz, 1H, Ar-H), 7.80 (a.
J=2Hz . IH, Ar-H): 8.10 (s, 1H, Ar-H): ‘:C~NMR ¢(D=0) & ppm:
100.51 (C-33, 107.06 (C-6), 115.96 (C—ID)‘. 8.62 (C78),
121.33 (C-1), 132.63 (C-9), 140.17 (C-7), 141.28.(C-2>,
151,35 (C<4>, 152.23 (C=5); uv. (H:0) Amex absorbances: 316,
336, 348 nm. E ’ a t

Preparation of adduct (20].-In a three-necked £ | ask .

. equipped wlth a magnetic stirring bar andra dropping funnel
containing 0.87 mL 1.1 mmol> of aqueous’1.32 M
methanol-free formaldghyde so{utxon, was rl aced a solution .
of 876 mg ¢(2.04 mmol) of purified (4] 1n 10.0 mL of

delonized organic-free water. The reaction mixture was

maintained under a slightly positive pressure of Argon. The

a
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solution was slowly heated and maintalnea at refluxing
temperature and the formaldehyde solution was addea
dropwise over 40 min. After the addition of the
formaldehyde was completed the mixture was refluxea for a
further 20 min. The reaction mixture wvas co‘oleq to room
(emperatu‘re and evaporatea to approximately 6 mL on a
rotal‘ory evapordtor. This reaction concentrate was
fractionated on a 2.0 cm x 25 cm open glass column packea
with 20 g Sephadex LH-20 gel in water. The eluting solvent
used was deionized organic-free water. The flow rate vas 27
mL/min. Approximately thirty 10-mL fractions were

. co’l lected.. The fractions were’ ex;ammed by uv spectroscopy
and those havlhg similar absorbances were combined and
evaporated to dryness on the rotatory ‘evaporator and under
high vacuum. Two components were 1solated and AS
characterized. Fractions 10-12 contatned 235 mg (27%) of a
product whose ir, Uv-vis and 'H-NMR spectra and R« Qg Paper
chrcmato;graphy was identical t6 those of [4]. Fractions
13-16 contalned 475 mg (55%) of (20): *H-NMR <D.0> & ppm:
5.03 (s, methyiene protons), 7.00 vtd. J=2Hz, 1H, C<-H), ’
7.83 (d, J=2Hz, 1H, C.-H): B.17 (s, 1H, Ca-H): “?‘NMR
(D=0r & ppm: 26.73 (C-11, methylene bridge carbon), 106.96

\
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-6, ll7.2.6 (C-10), 118.08 ¢C-8), 118.96 (C-3>, 120.35
(C-1), 132.94 (C-9), 140.98 <C-2 and C-7). 152.21 (C-S),
153.65 (C-4); uv (H>0) A ... absorbances: 320, 337, 353 nm:
Ir CKBr) Y mo.: 3,500 em-* (—SO:D;H‘ and ArQ-H>. 1.200 cm~*
(5=0>.

Preparation of [21), the tetra-acetate of agduct (201.-In a
10-mL Erienmeyer flask, 37 mg (5.0 x 10°® mol) of adauct
(20) was dissolved in 0.033 mL of 6.1 M agueous sodium
hydroxide solution. The mixture was then coolea to 0<C in

an ice bath. To this ice-cold solution 0.019 mL ¢2.0 x 10- *

mol ) of acetic anhydride was -added with stirring. The
“ . . resultant pale reddish solution vas allowed to stir with
b ¥ cool ing for 5°min. The sodium acetate produced in the
reaction was gllmlnalea by i’reclpltatlng it as 1nsoluble
sliver acetate with a solutlor; 34 mg of sllver nitrate in
1.0 mi of water. Aftér the insoluble silver acetate was
ﬂlt‘erod off the .flitrate was then’ concentrated down to
approximately 0.6 mL with™® rotatory evaporator. The
2 3 & concentrate was then fractmnaled on a 10 em x 1 cm open
qlass column packed with approximately 0.7-g of Sephaaex
'LH—ZO‘geI inwater, The eluate was collected as thirty’

. i '
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0.5-mL fractions. The fractions |-;ere examined by uv
spectroscopy and those having similar absorpances were
combinea and evaporated to acyness on # rotatory evaporator
and under high vacuum. Seven milligrams of a,product whose
spectral properties were ct;nslstenl with the str-ucture (21
was optainea: ‘H-NMR ¢D;0) Oppm: 1.97 (s, 6H). 2.08 (s.
6H), 5.13 (s, methylene protons, 2H>, 7.63 (a, .J=2Hz. 2H.

Cs-H>, 8.47 (d, J=2Hz, 2H, C.-H); 8.73 (s, 2H, Cu-H): uv

(H:0> A .. absorbdhces: 319. 334, 356 nm.

. 4
-4,5- =) = Tt -
20 mg of {24] in 1.0 mL of dry dichlaromethane 1n a‘lo-mL
Erlenmeyer flask, épproxlmatel_y 0.(‘)5 mL'u( 6.0 M aqueous
sot;lum hyaroxide was acded. After TLC o:lthe mixture
\ndicated that no stacting material remained, the mixture
was evaporated to d.ryness_on a rotatory evaporator ana
uncer’ high vacuum. The residue (18 mg) r;as soluble only in
ethanol, methanol or water. The 'H-NMR (CD=0D) spectrum is

consistent with the structure [22): & ppm: 0.83 (t, J='

Hz, 3H, -OCHzCHs>, 3.62 (q, 3H, J=7.2 Hz, 2H, -OCH.CH~).
6.23 «(d, J=2Hz, 1H, Cs~ and Ca.-protons), 7.03 (d, lH, Ca-

and C.-protons).
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< Two grams of the diacetats [14) was added to 9.0 mL of

phosphoryl chioride in a drviS\-mL round-bottomed flask

equipped with a stirring bar and a condenser fitted with a

arying tube. The mixture was refi\\xeu for approximately 4 n

and then cooled to room tem;aeralure. The mixture ‘was -then
slowly poured onto 10 g of crushed 1ce a 80-mL eaxer.
and sgrrea vigorously. After the excess phesphoryl
~ chlor 1de was hydrol);sed. the mixture was transferred- to a
60-mL separatory funnel. The Solid residue was extracted

twice with 25-mL portions of d;chlorometr‘\gne. The organic

layers were combined and were washed twice with agueous 0.5

M hydrochloric acid, followed by dry.an'over anhydrous
sodium sulphate. After filtration and evaporation to
dryness, 1.4 g (73% of a residue was obtained whose
spectral propertles‘ werg- consistent with the structure
(éﬁl: 300 MHz 'H{NMR (CDCl.)> & ppm: 2.50 (s, 3H, ac‘etoxvl
methy 1 protons)] 7.92 (d, J=2Hz, IVH. Ca- and C;—Prulons‘).

8.71 «d, J=2Hz, 1H, Ce- and C.-protons).

-4,5- - - « =In

2 10-mL round-bot tomed flask equipped with a stricrer bar
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and a rubber septum was suspended 77 mg (0.175 mmol) of the
disulphonyl chioride (23] i1n 2.0 IHL of absolute ethanol
(40)>. The mixture was maintained at~ ice-bath ;emperature.
To th1s ice-cold suspension was adde; 0.2 mL anhydrous
pyridine. The yellow mixture was stirred at ice-path
temperature for an additional 30 min. The reaction mixture
was then transferred to a separatory funnel and partitionea
between dilute hyrochloric seid aid diehioEonethane, The
organic phase was washed with an equal volume of water. and
dried over sodium sulphate. After fiftration a‘nn
e\v’éb@_ranon to dryness. €6 mg of a residue was obtained.
Purxficat‘lorhof the mixture on a 20 x 20 cm
preparative-layer plate (silica gel, 1:9 ether: benzene) to
afford 13 mg (16%> of a compound whose spectral properties
were consistent with the structure’ (241: 300 MHz ~A-NMR
(CDCla> sppm‘: 1.35 (t, J=7.2 Hp, 3H, -OCHaCHas>. 2.47 (s,
3H, acetoxyl methyl protons). a.24 «(q, J=7.2 Hz, 2H,
-0CHzCHa), 7.73 (d; J=2Hz, IH, Cs- and C.—‘protons). 8.53

¢d, 1H, Ce- and C,-protons).




0

a), Modified NIOSH procedure.-The basic NIOSH procedure was
folloved for th: determinat 1on of calibration lines for
standard formaldehrde soljut 1ons except that the £6110wing
modificat 1ons were 1ncorporated 1nto the proceaure. The
standard, formaldehycle solut 1ons and the’ agueous
chromotropic acid soiutions Gere freshly preparea on each
day that calibration lines were determined. Purified
chromotropic acu‘; was used to prepare 5% aqueous solutions
In delonized organic-free water. A 1.00 ‘litre stock
solution containing 4.4703 g of sodium formal dehyde
bisulphite vas prepared in a volumetric flask. The standard
formaldehyde solutions vere pre.;e_xreu from a solution whese
formaldehyde concentration \:z:s {1‘0 ug/mL which was prepared
from the ‘stock solut1of. Thus, a™1.00-mL aliqyot of the™
stock solution was transtered to a 100-mL volumetric flask.
and the volume made up to 100 WLOPEE deiohized |
organic-free water. Up to seven standard solutions were
prepared by pipetting 6.0. 0.5, 1.0, 2.0, 3.0, 4.5 and 6.0
mL of the 10 Ug/mL solution into 2S-mL volumetric flasks.
Thesé vere Mide up to 25 mL with the appropriate amounts of

denonxzed organic-free water. These solutions correspond to
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aqueous formaldehyde concentrations of 0.0, 0.2, 0.4, 0.8, "
1.2, 1.8 and 2.8 ug/mL respectively.

Two-mL aliquots of each of the am;ve seven
standard solutions vere pipetted into separate oven-diried
clean glass 25-mL culture tubes. To each of these solutions
300 uL of aqueous 5% chromotropic acid solution was aadea.
The Solutions were thoroushly mixea by vortexiha. Three mL
of concentratea sulpnurxc. acia (96%) was aaded to each (u;:e
cautiously 1n ordér to avoid spattering. The mixtures were.
thoroughly vortexed. The tubes vere sealeq wjth Parafiim
and were capped loosely with Telflo‘n—llned screw caps and
vere placed in a boiling vatec bath for 1 h. The tubes were,
cooled to rdom tempex;atu?'e and were again thoroughly mjxed '
with av vortex to prevent layering prno; to the ‘removal of
samples for, spect":photcmetmc determinations. Absorbances -
vere measired at 560_nm using 1.0 cm optical @lads cells.
The spectrophotom}te]r‘ was zeroed against analytical blanks.
The analytical’ blanks corresponding to a 0.00 ug/mL
formaldehyde solution consisted of 2.00 mL de1onized
organic-free water, 300 ulL of aqueous 555 chromotropic acid
solution, and 3.0Q0 mL of iconcentrated sulphuric acia (96%).

The anMytical blanks wére treated in an identical manner
4




as the solutions which contained formaldehyde. The
Goncentraton of sulphuric acid in the final Solutions 1s

10.2 M. 2

2. Effect of different concentrated acigs.-The exact .
procedures aescrlbed"above in a) were emp)oyea except ;hal
an ‘order to compare the effect of dnfferen; acidas o’ the
celour (nrma:mn ‘the use cf perchloric acid (70%).

’ concentrated hvurachlor»nq acia ¢36%). phosphoric acia (85%)
.and.glacial acetic acid was compared with concentratea

_sulphuric acid. In addition, up to Six hours ot heating was
used so that maximum color. qevelcp_men‘t could be obtained.
Calibration line slol;_es of 0.21, 0.18, 0.069, 0.00 and 0.23
AU/Cug/mL) respectively were obtained.

- g2, Effect of different concentrations of sulphuric acid.-
The exact procedures described in a) above were, employed
except that in cru;r to compare the effect of dlfferént
concentratlons of sulphuric acud on the colour formatlon
the fol Ioulnq addltlonal procedures were conducted:

& (23} 10 2HM =o|uuons - Seven standard solununs WETe

pr’epa:‘ed- by plpetting 0.0, uno. B 8 3.6, 5. 4,

10.7 mL”of the 10 ug/mL so)utlon into 25-mL vqlume:rne
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flasks. These were made Up to 25 ml with the appropriate
amounts of deionized organic-free water. These solutions
correspond to aqueous formaldehyde concentratléns of 0.00,
0.36, 0.74, 1.4, 2.1, 3.2 and 4.3 ug/mL respectlvelyr‘ A
calibration line slope of 0.21 AU/Cug/mL)> was obtained
after heating for 1.0 h v X

€11 4.10 M solutions - The exac'; procedures desc;lbeu’
in a) above were employed except that 38% sulphuric acid
obtained by diluting 4.0 mL of 96% sulphurc acid with 6.0
mL deionized organic-free water. No ‘colour was formed atter
heating for 1.0 .h

€111 Reconstituted 4.10 M solutions - Two-nl aliquots
of the chromogen-containing solutions obtained in (1) which
are 10.2 M 1n su;p‘humc acid were removed and. each was
dlluted with $.0 mL delonized organic-free water. The
mixtures were thoroughly mixed by vo}texlng. The resulting
solutlons correépona to formaldehyde Eoncentratlpns of
0.00, 0.14, 0.29, 0.57, 0.89, 1.3, 1.7 ug/mL respectively.
No additional he‘an.ng was conducted on these SO'\“’-ID:l!- A
calibration J1iné slope of 0.21 AU/Cug/mL) was obtained.

€1v) Reconstituted 10.2 M solutions - To each of the
solutions from (11> which are 4.10 M in sulphuric acid, was

)
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added 4.15 mL of concentrated (96%) sulphuric acid. The
mnxt;;rz's were thoroughly mixed’by vortexing. :l‘he resulting
'solut ions ccrrespor;d to formaldehyde concentrations of
0.00, ‘0.20. 0.40, '0.80, 1.2, 1.8, 2.4 ug/mL respectively. A
cgllbraitoq line slopevov( 0.20 AU/Cug/mLd was qQbtained

after heating for '1.0 h .

d). Ox1dation-reduction experiments o SU1BH wric acid
Mm&msmumuhmm-—h each ot the :
recons‘tltuled 4.10 M soiutions obtainea above in R) (un.
small amounts-of zinc powder was added. Aftér shaking,
hydrogen gas was evoived and the purple colour gradually |
disappeared. The colour could be regenerated by heating
these resultant colourless solutions in.a boiling water .
bath for 1.0’ h. The previously determined ca_llbratloﬁ line’

could be re-obtained.

Muwummmm.-A 500

mL stock aqurous solutlon contalning 38.6_‘9 of a sample af

(20) was prepared in a volumetric flask. The molar mass of
1(20) was assumed to be 740_'g/mol and the equivalent
formaldehyde concentration “of. the stock solution was

assumed to be 3.12 ug/mL. Six standard diluted solutions
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containing the equivalent formaldehyde concentrations of™

0.00, 0.20, 0.40, 0.80, l 2, and }.6 ug/mL respectively
were prepared by appropriate dllutlonsgof the !Ock

solution with de)onlze‘d organic-free water. Two-mL aliquots

,Of each of these solutions were pipetted inta separate

oven-aried ‘clean glass 25-mL culture"tubes‘ A d“upl 1cate set
of these six solutions w’ ;also prepared. To ea\‘ch culture
tubé 1n the first set was aaded 300 uL of deionized
organic-free water ana the solutions wére thoroushly mixea
py vortexing. Three mL of‘cpncentrated Sulphuric acid (bb%)
was added to each tube cautiously in orcl_gr to avoid
spattering. The mnxtux“es were thoroughly vortexe’d‘ To ‘dach
culture étbe of the second sét was added 300 ul o( aqueous

5% chromotropic acid solutlon and the solutmns thoroughly

mixed by vortexing. Three mL of gcnf:ﬂt\ratec sulpnumc acia -

(96%)/was added to each tube 7(tlously. n order to avonu

" spattering-all susequent operiationg were conducted as

7 " .
described above '1n (a). A control set of six standard

.
‘formaldehyde solutions was prepared exactly 'as descriBed in

- (a) except that the hlghéét formaldehyde concent;#tl‘on was

1.8 ug/mL.. The calibration line slopes mea‘sl\,}red were ‘0,096

AU/Cug/mL) for the first set» of solutions prepared. from
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[20) which did not contain the added 5% :aqueox'.ls
chrﬁotropﬂc acid solution; 0.23 AU/Cug/mL) for the second
set of solutions prepared from (20) which did contain the
added 5% aqueous chromotr! !c acid solution;-and 0.23

AU/Cug/mL) for the c‘onkrol get of solutions which were

prepared fram sodium formaldehyde bisulphjte.

~
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