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(Presented by J. Kann)

Few estimates of phenols basicity have been previously made[1-4 ]; this
is probably due to a rather rapid sulfonation reaction of phenols in
aqueous sulfuric acid solutions [ s], In some laboratories the use of alter-
native, i. e. perchloric acid solutions is considered dangerous. Nevertheless,
our point of view is that the basicity of weak bases should be studied in
both sulfuric and perchloric acid aqueous solutions. This enables us to
detect the specific effects (if they exist) of the mineral acids used and
estimate the corresponding influence on the р/С Вн* and solvation para-
meter (m*) values.

Results and discussion

For the bases studied

OH OH

H 3 C /^'/ TIH НзС^^^ОН
I n

altogether four sets of spectra were measured:
1. 35 spectra of 5-methylresorcinol (I) in aqueous sulfuric acid solu-

tions (0—94.90% (w/w) H2S04);
2. 23 spectra of I in aqueous perchloric acid solutions (0 —71.80%

(w/w) HCI04 );
3. 44 spectra of 2,5-dimethylresorcinol (II) in aqueous sulfuric acid

solutions (0 —92.82% (w/w) H 2S04 );
4. 37 spectra of II in aqueous perchloric acid solutions (0 —72.03%

(w/w) HCI04 ).
The most notable feature is the presence of three well-defined absorp-

tion bands in the spectral sets measured (see Figs. I—4).1 —4). The respective
maxima are located at the frequencies shown in Table 1. The maxima of
the bands В (I), С (I), В (II) and С (II) are practically not shifted with
increasing acid concentration (see Table 1). This is not the case for the
bands A (I) and A (II): with increasing acid concentration they first
shift towards higher frequencies but when the percentage of H2 SO 4>70
a distinctive shift to lower frequencies is observed.

We estimated р/(вн + and m* for I and II using all three absorption
bands in the respective spectra. The excess acidity method was applied [6 ].

On each absorption band 4—5 frequencies were chosen for which the
indicator ratio values, /=СВН+/СВ =(e ев)/(евн+ —e )), were calcu-
lated Р]. The e values for В and BH+ forms were obtained from the
plots e vs. acid % (see Figs. 5 and 6). For the shifting bands A (I) and

https://doi.org/10.3176/chem.1990.4.03

https://doi.org/10.3176/chem.1990.4.03


207

A (II) only the values at the band maxima were used. The indicator
ratios in the range of 0.1 >/>lO were applied to estimate the рКвн+ and
m* values [6 ’ 7]:

log / log Ch + =w*• X+ р/Свн + - (1)

Fig. 1. UV-absorption spectra of 5-methylresorcinol in aqueous sulfuric acid solutions
Sulfuric acid %; 1 53.6, 2 62.1, 3 66.0, 4 67.4, 5 70.3, and 6 78.0,

Fig. 2. UV-absorption spectra of 5-methylresorcinol in aqueous perchloric acid solutions
Perchloric acid %: 1 0.0, 2 59.3, 3 60.5, 4 62.0, 5 65.0, and 6 71.8,
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In the regression analysis (1) statistical weights of the log / values
were taken into account [ 3 - 7]. The results of the regression analysis are
presented in Tables 2 and 3. The р/Свн + and m* values obtained for the
regions of bands В and C (see Table 1) agree between themselves rather

Fig. 3. UV-absorption spectra of 2,5-dimethylresorcinol in aqueous sulfuric acid solu
tions. Sulfuric acid %: 1 0.0, 2 56.0, 3 60.4, 4 63.1, 5 65.3, and 6 78.1

Fig. 4. UV-absorption spectra of 2,5-dimethylresorcinol in aqueous perchloric acid solu-
tions. Perchloric acid %: 1 39.9, 2 55.3, 3 57.1, 4 58.6, 5 60.4, 6 —62.7,

and 7 70.3.
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well. Therefore we are suggesting the use of mean р/Свн + and m* values
in the region of 29600—42000 cm- 1 as the best estimates for р/Свн + and
m* of the bases studied (see Tables 2 and 3).

It should be pointed out that the shifting Л-band (see Table 1) yields
the р/Свн + and m* values which remarkably differ from those obtained in
the common region of В and C bands (see Tables 2 and 3). This conclu-
sion holds for both the bases studied. The reason for such a behaviour of
band A is not clear yet.

Fig. 5. A plot of е (41000 cm- 1 ) of
5-methylresorcinol vs. per cent (w/w) of

sulfuric acid.

Fig. 6. A plot of e (at Л-band maximum)
of 5-methylresorcinol vs. per cent (w/w)

of perchloric acid.

Table 1

a In water; in 85.7% H 2S0 4 the maximum is at 49600 cm- 1 .
b In water; in 71.8% HCI04 the maximum is at 49600 cm- 1 .
c In water; in 81.7% H2 S04 the maximum is at 48600 cm— 1 .

d In water; in 70.3% HCI04 the maximum is at 48600 cm- 1 .

Bands maxima in the absorption spectra of I and II

Compound and its
Band maxima, cm- 1

absorption band H 2 0-H2 S04 H 2 0-HC104

5-Methylresorcinol (I)
A (I) 50000a 50000&
В (I) 41000 41000
С (I) 30600 30600

2,5-Dimethylresorcinol (II)
A (II) 49600е 49600d
В (II) 40000 40000
С (П) 29600 29600
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The рЯвн + values of I and II obtained in the systems H2O —H 2SO 4
and H 2O — HCIO4 are almost equal. The difference between the expective
р/Свт values is approximately as large as the sum of probable errors (see
Tables 2 and 3). Such a closeness of р/Свн+ values calculated by the
X-function method [6] for the bases similar to I and II in aqueous H2S0 4
and НСЮ4 solutions is not a rule: Table 4 shows that in some cases the
differences between the respective р/Свн + values are in the range of I—21 —2
р/Свн+ units. Other authors [ 3] have reported that in aqueous perchloric
acid р/Свн + of I is —5.75. This value is close to that of our estimations

Table 2

a At its shifting maximum only.
b Weighted mean values: probable errors are given at the confidence level P =0.95.
In calculating the mean values we neglected the р/(вн+ and m* values obtained for the
shifting band, A (I).

Table 3

рКвн+ and m* values for 2,5-dimethylresorcinol

a At its shifting maximum only.
b Weighted mean values: probable errors are given at the confidence level P =0.95.
In calculating the mean values we neglected the р/(вн+ and m* values obtained for the
shifting band, A (I).
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Table 4
рКвн+ and m* values of some hydroxy- and alkoxybenzenes

in aqueous sulfuric and perchloric acid solutions [ lo ]

( 5.64±0.07 in H2O — HCIO4). But it should be noted that the р/Свн + value
of 5.75 [ 3 ] has been calculated applying the acidity function method (the
Hc acidity function extended by the above authors in the same paper has
been used).

The m* values of I and II depend on the acid system used: m* (in
H2 O H2S04 ) >m: (in H 2O — HCIO4) , see Tables 2 and 3. This indicatesthat the solvation energy of protonated forms of I and II is larger in
H 2O HC IO4 than in H2O H2S0 4 [B ], For similar compounds, as a rule,the case is opposite (see Table 4). Nevertheless, the data available on
this problem are still few and therefore it seems to be reasonable to avoidfurther discussion on this matter.

Experimental

Materials. 5-Methylresorcinol and 2,5-dimethylresorcinol were bothobtained from the oil shale industry of Estonia. 5-Methylresorcinol was
repeatedly recrystallized from benzene. 2,5-Dimethylresorcinol was purifiedby extraction and finally recrystallized from water. The purity of boththe compounds was checked by gas chromatography which showed thatthe total concentration of impurities in the samples used was lessthan 1%.

The acids used were purchased from Sojuzreaktiv. Sulfuric acid(c. p.) was used as supplied. The commercial aqueous perchloric acid(c. p. ca 57% (w/w) НСЮ4) was concentrated by distillation underreduced pressure (30 mm Hg). In this way 73% (w/w) HCI04 wasobtained. The concentrations of acids stock solutions were determinedfrom their densities, by comparison with known densities from the litera-ture f9]. The solutions of sulfuric and perchloric acids were prepared bydiluting the concentrated stock solutions of acids with distilled water(using the weighing method).
Spectral measurements. The absorption spectra were measured onr™£ECORD M4O sP ectrophotometer (Karl Zeiss Jena) in the range of53000—26000 cm 1 (188.7—384.6 nm) in thermostated cells (path length2 and 10 mm) at 25.0±0.2°C. The samples for absorption determination(concentration in the range of (I±3) • 10~4 moles per liter) were preparedrom standard solutions in water. The absorbance of sample solutions wasmeasured against references consisting of acid of the same concentration

H2 0-H2S0 4 H20- HC104
Base

рЯвн+ m* P^BHt m*

1.3.5-
1.3.5-
1.3-
1.3-
1.3-
1.3-
1-Hydroxy-3-rnethoxybenzene

— 4.08±0.03
-5.71+0.06
— 6.49±0.08
—7.60±0.14
— 6.65±0.23
-7.53 +0.14
— 7.50±0.22

1.21 ±0.01
1.78±0.02
0.95 +0.01
1.23±0.03
1.11±0.05
1.19±0.03
1.19+ 0.04

— 3.62±0.03
— 5.59±0.14
-8.51+0.26
— 8.78±0.18

— 7.64±0.22
-8.94 + 0.34
— 8.49±0.14

0.89 +0.01
1.62±0.05
1.25 +0.04
1.45±0.03
1.23±0.04
1.46±0.06
1.33 + 0.03
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as the sample. All the sample solutions were prepared immediately before
running the spectra; each spectrum was run in 10—15 minutes. Special
care was taken to check whether the changes in the spectra in concentrated
acid solutions were reversible, i. e. a sample solution in concentrated acid
(96% H2S0 4, for instance) was prepared and after 10—15 minutes pieces
of ice were added to obtain the acid concentration of about 25—30%;
the spectrum of this sample was compared to that of the sample pre-
pared in more diluted acid (25 —30%) directly. The discrepancies between
the molar extinction coefficient values obtained this way were not large
(about 2%, relative).
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Ülo HALDNA, Marina GREBENKOVA, Arkadi EBBER
5-METÜÜLRESORTSIINI JA 2,5-DIMETÜÜLRESORTSIINI

PROTONI SATSIOONI UURIMINE TUGEVATE HAPETE VESILAHUSTES
UV-ABSORPTSIOONISPEKTRITE ABIL

Mõõdeti 5-metüülresortsiini ja 2,5-dimetüülresortsiini ultravioletsed absorptsiooni-
spektrid väävelhappe ja perkloorhappe vesilahustes spektri piirkonnas 53000 — 26000 cm- 1.
Tulemustest arvutati liighappelisuse meetodil uuritud nõrkade aluste р/Свн+ ja solvatat-
siooni parameetri m* väärtused. Saadi järgmised tulemused: 5-metüülresortsiini р/Свн +

5,6 —5,8, m* = 1,0 1,2; 2,5-dimetüülresortsiini pKbh* = —5,7 —5,9, m* =

1,2 1,4.

Юло ХАЛДНА, Марина ГРЕБЕНДОВА, Аркадий ЭББЕР

ИССЛЕДОВАНИЕ ПРОТОНИЗАЦИИ 5-МЕТИЛРЕЗОРЦИНА И
2,5-ДИМЕТИЛ РЕЗОРЦИНА В ВОДНЫХ РАСТВОРАХ СИЛЬНЫХ

КИСЛОТ НА ОСНОВЕ УФ-СПЕКТРОВ ПОЕЛОЩЕНИЯ

Измерены УФ-спектры поглощения (53000 —26000 см’~) 5-метилрезорцина и 2,5-ди-
метилрезорцина в водных растворах серной и хлорной кислот. Из полученных данных
методом избыточной кислотности вычислены значения р Квн* и сольватационного
параметра т* для 5-метилрезорцина (р/Свн+ = —5,6 5,8, т* = 1,0—1,2) и 2,5-ди-
метилрезорцина (р/Свн> = —5,7 5,9, /тг* =l,2—1,4).
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	Fig. 4. Mass flow rate constant, a, as a function of the carrier gas flow rate through reactor. Reactor temperature 7’ = 283°C. Filled squares /г-propanol (ft = 0.01 sec-1); open squares n-butanol (ft = 0.007 sec-1).
	Ut:j2 о та с о-с <и о « g ««g* 03 > С * (D 1-. ''""' t—. 03 р cd #со та ä fc Л <ц ■ §Е Е ° Ч-* £ "м Ю S <^i та о,*lз •S р "та £ С та S О | ф£ 2'Д .2 >Но Е-2 . S »2 £ о В та ф S и Ё д: .5 +з . о -2 ф 4) О -(-■ С -С 3 с .5 4J "О ®Л О3j 32 Е та ьр-с <D С > *“• ’р с- g 2 оО 3 3 -*-• *“• ~р гтs “*■“* 03 „«о Е та-- а) 2 -со. ЬЛта £Е * та Е « 33 ьс фЗЗ.2 ЬЛ С _ та С Ä*g е s » Я О с О. »з 3 о l—( “о ° §ta§ 5 та та .. О -t-* сц 4J С и -С с О) -*-* О та гм- ° 2 о ° w а та Е.2 25 03 -—ч >< tv ° ° ÖjO Sj3„Jl 2 о С Ом 03 О t: О Р 0-2^ С с/э Н (D I -н £ тоН •О Iф ю -о зз • с о ЬЛ та у ;г „ ф Ц-с 3 и,
	Fig. 6. Particular temperature points on polypropylene ignition thermochromatograms as a function of sample heating time, a temperature of the maximum intensity of the first peak; b temperature of the beginning of pyrolysis of the degradation products in helium; c temperature of the beginning of pyrolysis of the degradation products in air (open squares —0% FR, filled squares 40% FR).
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