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(86%) of ?ran5-stilbene, mp 123.5-124 °C (lit.19 124 °C), cis- 
Stilbene (liquid) was not detected by GC. The yields are 
based on quantities obtained after this step. Some physical 
properties of the products are as follows.
trans-1,2-Bis(4-methoxyphenyl)ethylene: mp 209-211 °C. 
*H NMR (CDC13) 5 7.4 (d, J=8.8 Hz, 4H), 6.9 (d, J=8.8 Hz, 
4H), 6.9 (s, 2H), 3.61 (s, 6H). GC/Mass; 240 (M+, 100), 225 
(64), 182 (13), 165 (32), 153 (26), 120(11), 89(7). 1,6- 
Diphenyl-l,3»5-hexatriene: mp 192-195 °C (lit.42: 199-203 
°C); *H NMR (CDC13) 7.41-7.24 (m, 10H), 6.80-6.56 (m, 
6H). GC/Mass; 232 (M+, 100), 215 (17), 191 (7), 141 (43), 
128 (36), 115 (32), 91 (55). cz5-2,3-Diphenyl-2-butene GC/ 
Mass; 208 (M+, 100), 193 (94), 178 (57), 165 (19), 115 (47), 
91 (19), 77 (13). f-2,3-Diphenyl-2-butene: GC/Mass; 208 
(M+, 100), 193 (95), 178 (58), 165 (15), 115 (49), 91 (23), 
77 (19). 2,3-DiphenyIbutane: GC/Mass; 210 (M+, 49), 119 
(15), 105 (100), 91 (58), 77 (13). Bicyclohexylidene: GC/ 
Mass; 164 (M+, 42), 149 (5), 135 (11), 121 (15), 107 (16), 
93 (27), 124 (27), 82 (100), 67 (82), 55 (45), 41 (4아
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Although ammonia is one of the most important pre
cursors producing nitrogen containing compounds, ammonia 
with foul oder, generated from decomposition of a large 
amount of garbage, causes a serious environmental pol
lution. Therefore, decomposition of ammonia has attracted 
considerable attention in respect to environmental pollution 
of the atmosphere. Large number of investigations on the 
decomposition of gaseous ammonia have been thus reported 
by means of radiolysis1 and photolysis.2-9 Very recently, we 

have described the photochemical decomposition of aque
ous ammonia in the absence and presence of oxygen.10 It 
was found from the study that hydrazine was produced by 
the dimerization of Sh2 radicals. Hydrazine can be used as 
a reducing agent and as a raw material for chemical 
syntheses. Consequently, it is interesting to study quan
titatively on the photochemical formation of hydrazine und
er various experimental conditions. In aqueous ammonia 
s이utioii, NH3(aq), NHtNq), OH(關 and H2O species exi가 and 
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the concentrations of these species depend both on the in
itial concentration and the pH value of the aqueous am
monia. Since all of these species absorb vacuum UV light, 
their concentrations play important role on the formation of 
hydrazine by irradiation of vacuum UV light. Many ex
amples of showing pH effect on various photochemical reac
tions are found in the literature.11~14 Generally, pH can great
ly affect the yield of product formation, helping to und
erstand photochemical reaction mechanisms. Here we report 
the effects of initial concentration of ammonia as well as of 
the pH value on the photochemical formation of hydrazine 
in the irradiation of aqueous ammonia using 184.9 nm va
cuum UV light.

Experimental

Aqua ammonia (Aldrich, 30% NH3 in water) and all oth
er chemicals (reagent grade) have been used without further 
purification. Water was quadruply distilled, which was ob
tained by passing distilled water though Bamstead (U.S.A.) 
Nonopure II deionization system. 80 mL of the fresh pre
pared NH4OH solution was transferee! into the reaction ves
sel and then irradiated by the low pressure Hg lamp (Osram 
HNS 12/oz). The intensity (Io) of the 184.9 nm light was 
found to be 7.77x 1017 quanta-mL-1-min1 at 25 °C. De
tailed description of the actinometry is given in the previous 
work.10 No change in the intensity of the lamp was ob
served over the period of the experiments. During the ir
radiation, the temperature was kept at 25.0±0.1 °C using a 
waterbath circulator. The pH of the solution was adjusted 
by adding HC1O4 or NaOH.

The amount of hydrazine identified by a Varian Saturn 
GC-MS system [DB-5 capillary column 50 m x 0.25 |im, El 
method, product; m/z (rel. intensity): 17(10), 31(16), 
32(100)] was determined by spectrophotometric method.15 
An aliquot (1 mL) of the irradiated solution was treated 
with p-dimethylaminobenzaldehyde as a complexing reagent. 
The molar extinction coefficient (e) of the colored complex 
was 69600 M 'em 】at 458 nm in these experiments. This 
method was interfered neither by the presence of other ni- 
trogen-containing compounds such as hydroxylamine nor by 
the pH value of the solution.

Results and Discussion

The yield of hydrazine produced by the irradiation of 
aqueous ammonia solution is shown in Figure 1 as a func
tion of the number of quanta. At higher ammonia con
centrations there is an observable increase in the yield of hy
drazine formation. At a given ammonia concentration its 
yield was not linear with the number of quanta; therefore, 
the first order rate raw is inadequate. In particular, the for
mation of hydrazine from the irradiation of 0.01 M aqueous 
ammonia stops increasing when the number of quanta was 
larger than 5x 1019 quanta-mL1. It means that a back reac
tion leads to decomposition of hydrazine by attack of rad
icals formed during the photochemical reaction. The initial 
quantum yield (0,), calculated from the slope of the curve 
as it passes through the origin, was determined and present
ed in Figure 2 as a function of the initial concentration of 
aqueous ammonia. As shown in Figure 2, the formation of 

hydrazine increased with increasing the initial concentration 
of ammonia in aqueous solution. It suggests that the pho
tochemical formation of hydrazine is effected by the con
centration of ammonia or ammonium ion in the solution.

Ammonia is dissolved in water into NH4+(aq) and OH (aqJ. 
There are NH3(aq), NH4+(aqJ, OH (aq) and H2O species in the 
solution. In the irradiation of the solutions using 184.9 nm, 
all of these species absorb the 184.9 nm light. The m이ar ex
tinction coefficients (e) of NH3(aq), H2O and OH ~ (aq) were re
ported to be 500 0.032 M^cm 1 and 3600 M-1
cm 1, respe댜ively.E"" From the calculation using these 
values, it was found that most of the 184.9 nm light was ab
sorbed by aqueous ammonia at high concentration (about 1 
M NH4OH). In this ease, photolysis of ammonia is occurrs 
mai미y. As a result, H and NH2 radicals are produced from 
the electronically excited ammonia. Hydrazine is then pro
duced by the dimerization of NH2 radicals as shown in reac
tion (1).
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Figure 1. Formation of hydrazine after inadiation of aqueous 
ammonia as a function of the number of quanta: (■) in the 0.1 
M aqueous ammonia, (▲) in the 0.01 M aqueous ammonia.
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Figure 2. Initial quantum yield of hydrazine produced as a func
tion of the initial concentration of ammonia.
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2 NH2^N2H4 (1)

However, as the initial concentration of aqueous am
monia is decreased, the fraction of absorption by water is in
creased. Then, photolysis of water is no longer negligible. 
Getoff et al. reported18 that electronically excited water 
formed by absorbing 184.9 nm light could be splitted into 
H atom (0=0.30), 6니 radical (0=0.30) and so called 
"solvated electron", e aq (0=0.03). Consequently, more pri
mary radicals produced in the photolysis of water. In ad
dition to direct photolysis of ammonia, these radicals can at
tack ammonia as in reactions (2) and (3) to produce NH2 
radicals. Although the amount of solvated electron produced 
is small, it may combine with ammonium ion in the solu
tion and convert into ammonia and hydrogen atom.

NH3(aq)+H t NH2+H2 (k=l.l x 108 M니ST)】。 (2)

NH3(aq)+OH NH2+H2O (k=3.6xl07 M-'s*1)20 (3)

Since the absorption of light by ammonia competes with 
the absorption of light by water, the more NH2 radicals are 
produced by the direct photolysis of ammonia, the less NH2 
radicals are produced by attack of H and (H radicals as in 
reactions (2) and (3). In the low concentration of aqueous 
ammonia, the NH2 radicals produced by attack of H and dH 
radicals play an important role on the formation of hy
drazine. In addition to the reactions (2) and (3), H and OH 
radicals can react with each other in order to produce hy
drogen molecule as in reaction (4) or hydrogen peroxide as 
in reaction (5). Futhermore, hydrogen molecules can com
bine with oxygen in the solution, leading to the formation 
of hydrogen peroxide radicals as in reaction (6). It means 
that the reactions (2), (4) and (6) as well as the reactions (3) 
and (5) are competitive, respectively.

H + H— H? (k=lxlO10 M^s'1)21 (4)

OH + OH— H2O2 (k=5.0x 109 M^s'1)22 (5)

H + (丁 — HO2 (k=2.1 x IO10 M-1s ya (6)

When the initial concentration of ammonia is decreased, 
the reaction probability of the reaction (2) is decreased and 
those of reactions (4) and (6) are increased. For the same 
reason, reaction probability of reaction (3) is also decreased. 
Since less NH2 radicals produced with decreasing the initial 
concentration of aqueous ammonia, the formation of hy
drazine decreases. This result indicates that the formation of 
hydrazine depends only on the amount of NH2 radicals. 
This is the reason why the initial quantum yield of hy
drazine is decreased with decreasing the initial con
centration of aqueous ammonia as shown in Figure 2. To 
test this hypothesis, we attempted to detect hydrogen molec
ule and hydrogen peroxide produced by irradiating aqueous 
ammonia. But their yields were too small to be detected 
and is considered to be negligible.

Since NH2 radicals may be produced from the ammonium 
ion and solvated electron (e aq) formed by the photolysis of 
water reacts with hydronium ion very rapidly in acidic solu
tion as shown as in reaction (7), the yield of hydrazine is ef
fected by pH value of the aqueous ammonia solution. There
fore, we have studied on the effect of pH value in the pho-
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Figure 3. pH dependence on the formation of hydrazine by the 
irradiation of aqueous ammonia: (■) in the 0.5 M aqueous am
monia, (•) in the 0.1 M aqueous ammonia, (▲) in the 0.01 M 
aqueous ammonia. Applied number of quanta at 184.9 nm: I드 

9.32X 1019 quanta mL"1.

tochemical reaction of aqueous ammonia.

e aq + H+aq^H (k=3xl09 )24 (7)

As shown in Figure 3, the formation of hydrazine was 
not detected in acidic solution. The results suggest that hy
drazine was not produced from ammonium ion but from 
neutral ammonia molecule. To verify these experimental 
results, 0.1 M aqueous ammonium chloride and ammonium 
bromide solutions as an ammonium ion source were ir
radiated under the same experimental conditions. Hydrazine 
was not produced in any cases. The formation of hydrazine 
was increased rapidly in basic solutions. This behavior can 
explain the presence of OH aq ion. Electronically excited hy
droxide ion can be splitted into OH radical and solvated 
electron, e aq as in reaction (8).17 As the fraction of light ab
sorption by OH aq is increased in basic s이ution, the for
mation of OH radicals increases by reaction (8).

hv •
OH aq iV—> (OH aq)* -------o니+ e aq (8)

The dH radical formed by reaction (8) takes part also in 
the decomposition process of ammonia as shown in reaction 
(3) and thereby NH2 radicals are also produced. In addition 
to OH radical, the produced solvated electron, e~aq is com
bined with each other very rapidly rather than reacts with 
ammonium ion in basic solution as shown in reaction (9).

e\q+e aq—2OH aq+H2 (k=3x 109 (9)

The hydroxide ion formed by reaction (9) participates in 
the reaction (8) and convert into dH radicals again. The rad
icals take part in the decomposition of ammonia as in reac
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tion (3) and thereby more hydrazine is produced. This chain 
reaction can explain the reason why the formation of hy
drazine was increased rapidly in basic solutions.

In conclusion, the photochemical formation of hydrazine 
was observed o끼y in basic solution (at pH higher than 8). 
It implies that hydrazine is formed from neutral ammonia 
molecule rather than ammonium ion. The formation of hy- 
darzine rapidly increases in basic solution because the frac
tion of absorption by OH aq increases and the OH radicals 
and e-aq are produced much more. The produced solvated 
electron, e aq combines with each other to form hydroxide 
ion. As a result, OH radical is produced again and it con
tributes also to the formation of hydrazine. Besides, the for
mation of hydrazine increases as the initial concentration of 
ammonia is increased.
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A new type of antibiotic, dynemicin A (1) is charac
terized as a unique molecular structure and interesting bio
logical profile.1 Its potent antibiotic and antitumor activities 
have been attributed to ability to generate, upon in vivo ac
tivation benzenoid diradicals that damage DNA.2 It has 
been known that activation of 1 resulting in cy
cloaromatization of enediyne moiety is triggered by epoxide 
opening induced by development of electron density at C9.3 
Accordingly, the epoxide opening should be considered as a 
critical step for activation of dynemicin A and its biological 
activity. In the previous study, it was observed that methyl 
group at para position to the epoxide could exert as an ac

tivating substituent in acid-catalyzed epoxide opening of 
dynemicin A model.4 On the other hand, halides with in
ductive effect will serve as deactivating substituents in the 
epoxide opening. This study notes the eletronic sensitivity 
of halides toward acid-induced epoxide opening for dynem
icin A mimic model compounds (2a-2e).

Compound 2a was easily synthesized as follows (Scheme 
1). Reduction of C6 by tributyltin hydride (Bu3SnH) and N5 
protection with phenyl chloroformate (C1CO2C6H5) 
transformed 7,8,9,10-tetrahydrophenanthridine (3) to com
pound 4.5 Continuously, treatment of 4 with znCPBA yield
ed the epoxide 2a. The halide substituted compounds 2b-2e


