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The photochemistry of 
piperidine, methylamine and 

gaseous a-xylene in the presence of pyridine, 
ammonia has been investigated at 253 nm. The 

quantum yields of fluorescence and of o-xylene + m-xylene isomerization 
were measured as a function of the pressure of the added amine gas. Quench- 
ing of the fluorescence of o-xylene by pyridine is very effective but smaller 
fluorescence wenching yields are obtained on using pipe&line, methylamine 
or ammonia. The m-xylene yield at first increases and then decreases on 
increasing the pressure of pyridine. The present data indicate thaf the 
excited singlet state of o-xylene and the highly vibrationally excited ground 
electronic states may be involved in the formation of m-xylene. The effects 
of the amines on both the fluorescence and the m-xylene yields from o- 
xylene are observed to follow the order pyridine > pipe&line > methyl- 
amine> ammonia. The quenching ability of the compound seems to be 
closely related to the degree of similarity between its structure and that of 
the,_o-xylene. 

1. Introduction 

The photochemistry of the aromatic molecules benzene, toluene and 
the xylenes has been studied extensively. The quantum yields of fluores- 
cence and of the isomerization product m-xylene in the photolysis of o- 
xylene have been measured at the 253 nm absorption band [l, 21 and in the 
vacuum UV region (160 - 210 nm) [3,4]. Fluorescence was not observed or 
was extremely small for xylene in the vapour phase at wavelengths below 
210 nm [ 5) _ In the photolysis of o-xylene, there are different views as to 
the mechanism of m-xylene formation. Wilzbach and coworkers [2] suggest 
that o-xylene + m-xylene isomerization proceeds through 8 benzvalene 
intermediate. Bryce-Smith and Longuet-Higgins [6] consider that the first 
excited singlet state should lead to benzvalene. Ward [3] suggests that the 
highly vibrationally excited ground electronic states may be involved in the 
o-xylene + na-xylene isomerization. Cundall and Voss [ 71 discount the exis- 
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tence of any form of triplet in the o-xylene + m-xylene isomerization reac- 
tion. The present work is concerned mainly with the quenching of the yields 
of fluorescence and of the o-xylene + m-xylene isomerization at 263 nm by 
pyridine, this compound being different from the quenchers most often 
used, such as olefins, xenon or oxygen. 

Pyridine absorbs UV light in two regions [ 81: 248 nm (A, R* transition) 
and 265 nm (n, a* transition). Neither fluorescence nor phosphorescence of 
pyridine vapour was mewured in the regicn 240 - 300 nm 193. The quantum 
yield of the tripret state of pyridine [9] is very small compared with those of 
benzene and the xylenes. No product has been found in the gas phase photo- 
lysis of pyridine at 248 and 265 nm [9]. Therefore pyridine ia used as the 
quencher, because it is an aromatic molecule with excited singlet states 
whose energies are comparable with those of benzene and o-xylene. Rapid 
energy transfer from the excited singlet &ate of o-xylene to pyridine may be 
expected, Measurement of the quenching of the yields of fluorescence of o- 
xylene and of the o-xylene * m-xylene isomerization may give information 
on the isomerization reaction mechanism and the excited states involved in 
the formation of m-xylene. 

The effects of pipe&line, methylamine and ammonia on the quenching 
of o-xylene fluorescence and on the formation of m-xylene were also 
measured to see if the structure of the quencher molecule is of importance. 
The quenching of benzene fluorescence yields by these amines was also 
measured for comparison. 

2. Experimental details 

o-Xylene and benzene (Merck, gas chromatography grade) were used 
without further purification except for thorough degassing. Pyridine, 
pipe&line, methylamine and ammonia (all Merck, reagent grade) were 
bulb-to-bulb distilled on a vacuum system. 

A grease-free high vacuum system was used for all experiments. A T- 
shaped quartz cell 5 cm in length and 3 cm in diameter with a side window 
2.5 cm in diameter was employed. The cell was encased in an aluminium 
block which reduced stray light and could be used as a furnace. 

The light source Watt a Hanovia 100 W mercury lamp. The light was 
focused on the entrace slit of a Bausch and Lomb model 33-86-45 mono- 
chromator. The entrance and exit slits were both 2 mm in width. A parallel 
light beam of about 2 cm* croas-f5ection was passed centrally through the 
axis of the cell for the photochemical experiments. 

The transmitted light was monitored by an RCA 935 phototube and 
the fluorescence wan measured by an IP 28 photomultiplier tube operated on 
700 v. 

The normal irradiation time was 60 min. The photolysis products of o- 
xylene were identified by gas chromatography with a 3 m X 3 mm ss column 
packed with 10% thermon- and 3% KOH on 80/100 mesh Chromosorb 
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W, and another ss column (6 ft X l/8 in) packed with 5% sp-1200/1.75 
Bentone 34 on 100/120 mesh Supelcopoti was used. The product m-xylene 
was quantitatively analysed at 120 “C on a Shimadzu model GG8A gas 
chromatograph with the 3 m X 3 mm ss column, which was equipped with a 
flame ionization detector and a Shimadxu model C-RlB data processor. 
Nitrogen was used as the carrier gas. 

3. Results 

The added foreign gases pyridine and piperidine absorb light at 253 nm 
and the fraction a of light absorbed by the o-xylene (or benzene) is calcu- 
lated from the equation [ 103 

a= 
alp1 

alP1 +a*2 

where a1 and a2 are the absorption coefficients of o-xylene and the added gas 
respectively and p1 and p2 are their corresponding pressures. The absorption 
coefficients of the pure compounds were obtained experimentally. Pyridine 
and pipe&line do not emit light on 253 nm excitation. Methylamine and 
ammonia do not absorb light of wavelength 253 run. 

The quantum yields of fluorescence of o-xylene vapour were measured 
by using benzene (af = 0.19 at 253 nm 1113) as the standard. The fluores- 
cence yields of o-xylene as a function of the pressure of the foreign gas were 
determined and are shown in Table 1. The effects of the foreign gases on the 
fluorescence yield of benzene were also determined (see Table 1). 

TABLE1 

Effectsofamines on thefluorescenceyieldsofo-xylene and benzene at 253 nm and 30°C 

Quencher Qf 
W=l Pyridine Piperidine Methylomine Ammonia 

4 Torr o-xylene 
0 0.342 0.342 0.342 0.342 
2.8 0.098 0.228 0.332 0.228 
5.6 0.045 0.133 0.313 0.222 
8.4 0.031 0.112 0.280 0.220 
11.2 0.023 0.072 0.260 0.215 

IO Tim benzene 
0 0.18 0.18 0.18 0.18 
2.8 0.041 0.127 0.18 0.155 
6.6 0.019 0.122 0.17 0.154 
8.4 0.013 0.109 0.16 0.153 

11.2 0.009 0.071 0.16 0.150 

Photolysis of o-xylene at 253 nm gave m-xylene as the major product 
and its quantum yield was also measured as a function of the added foreign 
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TABLE 2 

Effect of amines on the isomerization yields of o-xylene to m-xylene at 263 nm and 30 “C! 
for irradiation for 1 h 

2 Ton- o-xylene 
Pyridine (Torr) 0 0.2 0.5 1.4 2.8 5.6 8.4 11.2 
m-xylene 0.02a 0.03 0.07 0.18 0.20 0.32 0.11 0.09 

4 Tom o-xylem 
Pyridine (Torr) 0 5.6 11.2 
m-xylene 0.02a 0.17 0.09 
Pip&dine (Torr) 0 5.6 11.2 
m-xylene o.02a 0.10 0.10 
Methylamine (Torr) 0 5.6 11.2 22.4 44.8 
m-xylene 0.02a 0.03 0.05 0.03 0.02 

aThe quantum yield of m-xylene was arbitrarily taken to be 0.02 without a foreign gas. 

gases (see Table 2). The yield of m-xylene is very small on the addition of 
ammonia and was not measured quantitatively. Products other than m- 
xylene were not measured quantitatively. No products were observed in the 
photolysis of pure pyridine, piperidine or methylamine at 253 nm. 

4. Discussion 

o-xylene absorbs light at 253 nm to form the excited singlet state which 
may then emit fluorescence, cross over to the triplet state, isomerixe to m- 
xylene through an intermediate such as benxvalene or may return to the 
ground electronic state. Pyridjne is a planar aromatic molecule, and rapid 
energy transfer from excited singlet o-xylene (or benxene) to pyridine may 
occur. The data in Table 1 indicate that the quenching of fluorescence and 
thus of the excited singlet state of o-xylene (or benzene) is very effective, as 
expeclzd. 

Pyridine quenches the fluorescence of o-xylene and should also de- 
crease the yield of the product m-xylene if it is formed directly from the ex- 
cited singlet state of the o-xylene. In this study of the photolysis of o-xylene 
vapour at 253 nm, the fluorescence yield is found to decrease rapidly with an 
increase in pyridine pressure, while the amount of the product m-xylene in- 
creases at low pyridine pressures and then decreases on increasing the pressure 
of pyridine, as shown in Table 2. The present data indicate that pyridine prob- 
ably promotes the internal conversion of the excited singlet of o-xylene to 
highly vibrationally excited ground electronic states which may lead to the 
intermediate benxvalene and then isomerixes to the product m-xylene. At 
higher pressures of pyridine, collisional deactivation of the highly vibra- 
tionally excited ground electronic states of o-xylene by the pyridine would 
decrease the formation of intermediate benzvalene and thus the m-xylene 
yield. The reaction mechanism may be simply expressed as 
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x+Irv- lx* (1) 
lx* - X + hvf (2) 

- 3x* (3) 
lX++M-+Xv+& (4) 
xv+1 (5) 

I - m-xylene (6) 

r+M+ X+M (7) 

3x*+x (8) 

where X, IX*, 3X*, Xv, I and M denote o-xylene, excited singlet, triplet 
state, highly vibrationally excited ground electronic states, tie intermediate 
benzvalene and the collision partner molecule (such as pyridine) respec- 
tively. The absorption of light by pyridine and the resulting processes are not 
included in the above mechanism. 

By the steady state approximation, the quantum yield of fluorescence 
o-xylene may be expressed by 

a?‘t= 
k2 

k2 + k3 + kJM1 
(9) 

or 

1 k2 + k3 -= 

@f k2 + (k,lW[W 
(10) 

M- 

2 4 
Foreign bses , & 

la 12 

Fig. 1. Quenching of fluorescence of o-iylene by foreign gases at 253 nm and 30 *C: 0, 
pyridine (slope, 3.73); A, pipe&line (slope, 1.11); 0, methylamine (slope, 0.12); v, am- 
monia (slope, 0.033). 





if k,[M] Nk3 + k3 and k,[M] Q k5 in 
sures. 

eqn. (11) at low pyridine 

The data in Table 2 generally agree with the predictions of eqns. 
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pres- 

(11) 
and (12), and the above mechanism seems to be valid for the o-xylene- 
pyridine system. 

Pyridine has the greatest effects on both the fluorescence and the m- 
xylene yields from o-xylene, while piperidine, methylamine and ammonia 
have little or no influence. Piperidine, although cyclic, is not a planar sro- 
matic molecule, and its effects on the fluorescence and the m-xylene yields 
are smaller than that of pyridine, as one may expect. Methylamine and 
ammonia have little or no effect because they are very different in structure 
from o-xylene or benzene. The rates of quenching of the excited singlet o- 
xylene by these amine molecules are closely related to the structure of the 
quencher molecule. 
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