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A65tract 

7he ph0t01y515 0f the c0mp1exe5 U02(0H2) (RC0CHC0R)~ (R w Me 0r t-C~101~) 0n 5111c0n 5urface51ead5 t0 the pr0duct10n 0f uran1um 
0x1de. 7he 4uantum y1e1d5 f0r th15 pr0ce55 are 4u1te d1fferent f0r the tw0 c0mp1exe5. 7he methy1 and the tert.6uty1.5u65t1tuted c0mp1exe5 
dec0mp05e w1th 4uantum y1e1d5 0f 0.007 ( :~ 40%) and 0.015 ( :1: 30%) re5pect1ve1y. 1n 5p1te 0f the 51m11ar1ty 1n chem1ca1 f0rmu1a a deta11ed 
mechan15t1c 1nve5t19at10n 1nd1cate5 that tw0 d15t1nct react10n pathway5 ex15t f0r the5e 5y5tem5.1n the ca5e 0f the methy1 der1vat1ve the react1v1ty 
151n1t1ated 6y an exc1ted 5tate hydr09en a65tract10n thr0u9h a 51x-mem6er tran51t10n 5tate. 7he tert.6uty1-5u65t1tuted c0mp1ex cann0t under90 
hydr09en a65tract10n and 50 the exc1ted 5tate decay5 6y a 119and fra9mentat10n react10n. 

Keyw0rd5: Ph0t0react10n; Urany1 1,3.d1ket0nate; 7h1n f11m5; 5111c0n 5urface5 

1. 1ntr0duct10n 

We w15h t0 rep0rt the var1ed mechan15m5 0f the ph0t0- 
chem15try 0f urany1 1,3-d1ket0nate c0mp1exe5 1n th1n am0r- 
ph0u5 f11m5. 0ur 1ntere5t 1n the5e c0mp0und5 15 part 0f a 
Pr09ram a1med at the deve10pment 0f the 5011d 5tate ph0t0- 
chem15try 0f th1n am0rph0u5 f11m5 [ 1 ]. 0ur eff0rt5 have 1ed 
t0 the deve10pment 0f the ph0t0chem15try 0f 5y5tem5 wh1ch 
may 6e u5ed 1n 11th09raph1c pr0ce55e5 t0 dep051t mater1a15 
5uch a5 meta15 [ 2-8 ] and meta10x1de5 [ 3,9,10]. 7he5e mate- 
r1a15 have 06v10u5 pract1ca11mp0rtance 1n the m1cr0e1ectr0n- 
1c5 f1e1d. A5 part 0f th15 5tudy we 1n1t1ated an 1nve5t19at10n 0f 
p055161e r0ute5 t0 dep051t uran1um-c0nta1n1n9 f11m5 [ 3,1 1 ]. 
7h1n f11m5 0f uran1um, 0r 1t5 0x1de5, may 6e u5efu1 f0r the 
c0n5truct10n 0f the 0Pa4ue re910n5 0f an X-ray ma5k [ 12]. 
7he h19h a650rpt10n cr055-5ect10n 0f uran1um make5 1t 1dea1 
f0r u5e 1n 5uch an app11cat10n [ 13]. 

Prev10u51y we rep0rted the pr0duct10n 0f uran1um 0x1de 
up0n ph0t01y515 0f th1n f11m5 0f a var1ety 0f urany1 c0mp1exe5 
[ 3, 11 ]. Meta1 1,3-d1ket0nate5 have 6een u5ed f0r chem1ca1 
vap0r dep051t10n 1n the pa5t [ 14] and the 501ut10n chem15try 
ha5 6een exten51ve1y 5tud1ed [ 15 ]. 0 f  1mp0rtance here 15 0ur 
prev10u5 5tudy 0f the tw0 c0mp1exe5 w1th d1k0t0nate 119and5, 
U 0 2 ( 0 H 2 )  (RC0CHC0R)2 (R-- Me (acac) 0r t-C4H 9 (t- 
8U-aCaC) ). 7h1n f11m5 0f e1ther 0f the5e 0n 5111C0n 5UrfaCe5 
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y1e1ded pure f11m5 0f am0rph0u5 uran1um 0x1de. 7he 1n1t1a1 
w0rk 5h0wed that U02(0H2)(acae)2 wa5 una61e t0 f0rm 
5uff1c1ent1y th1n f11m5 t0 6e 0f pract1ca1 u5e [ 11 ]. We hence 
prepared and 5tud1ed the tert..6vty1 der1vat1ve w1th the expec- 
tat10n that the 1ar9er 0r9an1c 9r0up5 w0u1d 10wer the 1nter- 
m01ecu1ar f0rce5, a110w1n9 u5 t0 prepare th1cker am0rph0u5 
f11m5. Wh11e th15 expectat10n wa5 c0nf1rmed [3], 4ua11tat1ve 
065ervat10n5 5u99e5ted tha, the 1atter c0mp1ex underwent 
m0re eff1c1ent ph0t0chem15try. 70 pr0v1de 50me fundamenta1 
1nf0rmat10n re9ard1n9 60th the eff1c1ency and the deta115 0f 
the ph0t0react1v1ty we undert00k a mechan15t1c 5tudy 0f the 
ph0t0react10n5 0f the5e 5y5tem5. 

2. Exper1menta15ect10n 

A11 5111c0n wafer5 were 06ta1ned fr0m 5h1n Et5u and were 
p-type 51(100). 7he wafer5 were cut t0 the appr0x1mate 
d1men510n5 0f 1 cm × 1.5 cm 1n h0u5e. 7he NaC1 and CaF2 
cry5ta15 were 06ta1ned fr0m W11mad 61a55 C0. 1nc. 80th 
c0mp1exe5 were prepared 6y 11terature pr0cedure5 [ 16] and 
character12ed 6y the1r e1ementa1 ana1y515 and F0ur1er tran5- 
f0rm 1R (F71R) 5pectra. 

F71R 5pectra were 06ta1ned w1th a 80mem M8-120 0n 
5amp1e5 he1d 1n an a1um1num vacuum cham6er e4u1Pped w1th 
NaC10pt1c5 6y 5tee1 c11p5.7he f11m th1ckne55 wa5 determ1ned 
u51n9 a Le1t2 La60r1ux 12 ME 5 w1th an 1nterference attach- 
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ment [ 17]. 7he 1rrad1at10n 50urce wa5 e1ther a 100 W h19h 
pre55ure H9 1amp 1n ar~ 0r1e1 h0u51n9 e4u1pped w1th c0n- 
den5er 1en5e5 and f11te~cd thr0u9h a 10 cm water f11ter w1th 
4uart2 0pt1c5 0r an C~1e1254 nm m0n0chr0mat1c penc11-type 
10w pre55ure H9 1amp e4u1Pped w1th a 6047 a,c. p0wer 5up- 
p1y. 7he 1nten51ty 0f the 119ht 50urce wa5 mea5ured w1th an 
1ntemat10na1 L19ht 1L 1350 rad10meter and the 0utput wa5 
f0und t0 6e c0n5tant (w1th1n err0r 10%) 6y per10d1c mea5- 
urement 0f 1nten51ty thr0u9h0ut the exper1ment5. 

2.1. Preparat10n 0f the am0rph0u5 th1n J11m5 

7he 1h1n f11m5 0f the precur50r c0mp1exe5 were prepared 
fr0m 501ut10n5 0f 1he c0mp1exe5 1n CH~C1~, A 5111c0n ch1p 
wa5 p1aced 0n a Laure11 7echn0109y C0rp0rat10n 5p1n c0ater 
and r0tated at a 5peed 0f 1000 rev m1n ° ~. A p0rt10n (0,5 m1) 
0f a 501ut10n 0f 1he urany1 d1ket0nate c0mp1ex 1n C11,C1~ wa5 
d15pen5ed 0nt0 the 5111c0n ch1p and a110wed t0 ~pr,~,:~d. 7he 
m0t0r wa5 th0n 5t0pped and a th1n f11m 0f the c0mp1ex 
rema1ned 0n the ch1p. 

2.2. Ca116rat10n 0f the F0ur1er tran5f0rm 1R and UV- 
v15161e a650rpt10n 0n 5111c0n 5urface5 

A 501ut10n 0f U0~(0H:) (t-8u-acac): 1n CH~C1:(0.0058 
91n 3.0 m1 ) wa5 prepared. A dr0p ( 0.0025 m1 ) 0f th 15 501ut10n 
wa5 p1aced 0n the 5111c0n 5urface and a110wed t0 dry. 7he 
area 0f the dr1ed dr0p wa5 0.22 cm ~ and c0rre5p0nded t0 a 
c0vera9e 0f 2 m01ecu1e5 A-~. 7he F71R data 0f the 5urface 
w¢re 06ta1ned. 7h15 pr0ce55 wa5 repeated 5evera1 t1me5 and 
the 5pectra c011ected w11h ¢ach add1t10na1 dr0p (F19, 1 (a)) .  
A p10t 0f the a650r6anc0 a1 1351 cm ~ ~ v5, c0vera9e wa5 
11near a5 5h0wn 1n F19. 1(6)), 7he 510pe 0f th15 p101 y1e1ded 
an ext1nct10n c0eff1c1ent 0f 4.4 × 10 "~ A ~ m01¢cu1e = ~. 7he 
5~tra1 data me rep0rted 1ater 1n 7a61e 1 f0r a11 0ther peak5. 

7he ext1nct10n c0¢ff1c1ent5 f0¢ the UV-v15161¢ data were 
det0dm1ned 1n the f0110w1n9 way. A f11m 0f U0~(0H~)(t- 
8u-~c~)  ~ wa5 ca5t fr0m CH~C1~ 0nt0 a CaF~ 5urface 6y 5p1n 
~111t1~, 801h the 0V-v15161e and F71R 5pectta were 06ta1ned 
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P19, 1, ( L ~ )  F71R Mm¢tm 01a f11m c0mp05ed 0f 2,0, 4,0, 6,0, 8,0 and 10,0 
~-~ 0f U0a(0Ha) (/-8u-a¢a¢): 0n a 515urface, (R19ht) P10t 0f 

t1~ d ~ d m m ~  tff 1351 m -  16am10t~U0a(0H2 ) (t-8u--acac), v5, c0vera9e, 

f0r th15 5urface. 7he ext1nct10n c0eff1c1ent5 f0r the U ¥-v15161e 
data were 06ta1ned re1at1ve t0 the a60ve deterr;~1ned F71R 
6and5 and are rep0rted 1ater 1n 7a61e 1. 

A 51m11ar exper1ment w1th U02(0H2)(acac),.. ha5 6een 
rep0rted prev10u51y and y1e1ded an ext1nct10n c0eff1c1ent 0f 
3.3 × 103 A 2 m01ecu1e- ~ at 1524 cm- ~. 7he UV-v15161e data 
were 06ta1ned a5 a60ve and a11 the data, F71R and 0 V -  
v15161e, are pre5ented 1ater 1n 7a61e 1 and 7a61e 2. 

2.3• Ph0t01y515 0f c0mp1exe5 a5 f11n~5 0n 5111c0n 5urface5; 
4uantum y1e1d determ1nat10n 

A typ1ca1 4uantum y1e1d exper1ment perf0rmed 1n the a1r 
15 de5cr16ed 6e10w. A 51 ch1p w1th a U02(0H2) (t-8u-acac)~, 
f11m wa5 p1aced 0n a 6ra55 5amp1e h01der. 7he 10w pre55ure 
H9 1amp (254 nm) wa5 then p1aced 1.5 cm fr0m the f11m. 
7he F71R 5r,¢ctr,am 0f the 5tart1n9 f11m wa5 f1r5t 06ta1ned. 
7he f11m wa5 then 1rrad1ated f0r 35 m1n and the F71R 5pec- 
trum 06ta1ned a9a1n. 7he 5ame pr0cedure wa5 f0110wed and 
F71R 5pectra wer¢ rec0rded f0r each 5u65e4uent 1rrad1at10n 
per10d 0f 70, 130, 2:55, 420, 740 and 1360 m1n• A rec0rd 0f 
the a650r6ance 0f the 6and at 1351 cm-< 1 v5. ph0t01y515 t1me 
wa5 made. A p10t 0f A, v5. ph0t01y515 t1me wa5 f1tted t0 a 
51n91¢-exp0n¢nt1a1 decay 1n 0rder t0 9et the decay c0n5tant 
f0r the 4uantum y1e1d ca1cu1at10n. 

1n(~74~ ~ (2.30310e•)t ( 1 ) 
t a d  

7he 4uantum y1e1d f0r 1055 0f the meta1 c0mp1ex ML,, can 
6e ca1cu1ated fr0m E4. 1 [61.7he der1vat10n 0f 1h15 e4uat10n 
15 0n1y va11d when the f11m a650r6ance, at the exc1tat10n 
wave1en9th, 15 5ma11.1n th15 e4uat10n, 1 repre5ent5 the 1nc1dent 
119ht 1nten51ty, and e~ 1he ext1nct10n c0eff1c1ent 0f 1he meta1 
c0mp1ex at the 1rrad1at10n wave1en9th (1n un1t5 0f 54uare 
cent1meter per m01e). 7he exp0nent1a1 f0rm wa5 u5ed f0r 
f1tt1n9 1n 0rder t0 prevent we19ht1n9 0f the exper1menta1 
p01nt5 6y the 109ar1thm funct10n. 

7he 1n1t1a1 a650r6ance5 at the 1rrad1at10n wave1en9th5 were 
0.2 and 0,264 f0r the tert-6uty1 and methy1 der1vat1ve5 re5pec- 
t1ve1y. 7h15 c0rre5p0nd5 t0 1ntr0duc1n9 an err0r 0f 25% and 
35% 1nt0 the 119ht a650rpt10n ear1y 1n the react10n and c0n- 
tr16ute5 t0 the 1ar9e e5t1mated err0r 1n the 4uantum y1e1d5• 

2.4. Ma55 5pectr0metry ana1y5e5 0f v01at11e pr0duct5 

A 5111c0n ch1p (1.0 cm × 2.5 cm) c0ated w1th a f11m 0f 
U0,, (0H2) (t-8u-acac) a wa5 p1aced 1n a 4uart2 vacuum 5am- 
p1e tu6e. 7he 5y5tem wa5 evacuated t0 a vacuum 0f 
appr0x1mate1y 10-3 70n" and c105ed. 7he 5amp1e wa5 then 
1rrad1ated w1th 254 nm UV 119ht f0r 10 h. 7he v01at11e pr0d- 
uct5 9enerated fr0m the ph0t01y515 0f U02(0H2)( t -8u-  
acac) 2 rema1ned 1n the 5y5tem ready f0r the ma55 5pectr0m- 
etry (M5) ana1y515. 

7he ma55 5pectra were rec0rded w1th an HP 5958 9a5 
chr0mat09raphy-M5 5pectr0meter. An e1ectr0n-1mpact 10n 
50urce wa5 u5ed and the 10n 50urce temperature wa5 200 °C. 
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7he re501ut10n wa5 1000 amu-t.  7he e1ectr0n ener9y f0r 
10n12at10n wa5 70 eV. A60ut 200 ma55 5pectra were rec0rded 
f0r re6u11d1n9 a t0ta1 10n current (71C) 5pectrum. 7he 5can- 
n1n9 ma55 ran9e wa5 20-300 amu. 

51m11ar exper1ment5 were c0nducted w1th U02(0H2)- 
(aeac)2. 

3 .  R e 5 u 1 t 5  

7a61e 2 
UV-v15161e 5pectra1 data 0f the urany1 c0mp1exe5 

C0mp1ex UV-v15161e. Ama~ (um) (109 e (m01 cm 1- ~) ) 

F11m 501ut10n •• 

U02(0H~)(acac)2 290 (3.34) 273 
365 (2.59) 347 

U02(0H2)(t-8u-acac)2 290 (3.48) 
370 (2.85) 

3.1. 5pectr05c0py 

7he F71R 5peCtra1 data f0r 60th Urany1 1,3-d1ket0nate c0m- 
p1exe5 are 1n 7a61e 1.80th th1n f11m data and the 11terature 
data [16,18] f0r m1cr0cry5taU1ne 5amp1e5 are f0und 1n th15 
ta61e and are, C0mpara61e. 7he ext1nct10n c0eff1C1ent5 and 
a5519nmevat5 [ 18-21 ] are a1501nc1uded 1n the ta61e. 51nce we 
u5e the a650r6ance t0 m0n110r the extent react10n 1"0r the 
4uantuta y1c1d5, 11 15 1mp0rtant t0 c5ta6115h that th1n f11m5 0f 
the5e ~0mp1cxC5 exh161t 8cer-Lam6ert 6ehav10r, 1n F19, 1 a 
p10t 0f a rc910n 0f the 1~1R 5pectra 0f U02(0H2)(t-8u- 
acae): a5 a f11m dep0511ed 0n a 5111c0n wafer 15 5h0wn, 
Acc0rapanY1n9 th15 f19ure 15 a p10t 0f a650r6ance v5, c0vera9e 
wh1eh 1511ncar end e5ta6115he5 that a650r6ancc 0n the 5ut face 
can 6e u5ed t0 m0n1t0r extent react10n. 

UV-v15161e 5pectr05c0py wa5 a150 u5ed t0 character12e 
U02(0H2) (t-8 a--aeae)2 and U02(0H2)(aeae)2. 7he UV- 
v15161e 5peetra 0f U02(0H2) (aeac) ~, had a650rpt10n 6and5 
1n the rc910n 0f 290 and 370 nm (7a61e 2). 7he a650rpt10n 
6and at 290 nm 15 a5519ned t0 1ntra119and •n•-w* tran51110n 
[ 15]. 7he 5hape 0f th15 6and 15 a5ymmetr1c, 1nd1cat1n9 that 
there m19ht 6e a 119and-t0-meta1 char9e tran5fer 6and 
065cured 0n the h19her ener9y 51de. A 6and 1n the re910n 0f 
370 nm 15 a550c1ated w1th the urany1 9r0up [22]. F0r 4uan- 

7a61e 1 
F71R 5pectra1 data f0r the urany1 c0mp1exe5 

C0mp1ex F71R. v (cm -~ ) A5519nment 
(109 e ( m01 cm 1 - • ) 

Cry5ta111ne F1hn 
5tate 

U02(0H2) (a¢ac)~ 1570 1574 (2.24) 1,,(C0) 
1529 1524 (2.30) 1%(CC) 
1437 1429 (1.73) J,(C11 j 
1351 1362 (2.18) 1%(C0) 
1227 1271 (1.80) ~,,(CC) 
1024, 1014 1015 (1.63) ~(CH.0 
925 920 (2 .11)  v ~ ( U 0 )  

U02(0H2)(t-8u-acac)2 1565, 1545 1564, 1547(2.46,2.53) v,(C0) 
1534 1537 (2.08) v~(CCC) 
1500 1503 (2.46) va~(C0) 
1372, 1350 1374, 1351 (2.37, 2.42) 8(CH~) 
1246 1247 (1.78) va(CCC) 
1224 1226 (1.94) p(CH0 
1145 1146 (2.08) 8(CH.~) 
892 887 (2.28) v ~ ( U 0 )  

a Fr0m [ 161. 

7a61e 3 
Au9er e1ectr0n 5pectr05c0py ana1y515 vf the ph0t0pr0duced f1hn5 

F1hn precur50r 1,111~ C0mp051110n 

U0~ 5tandard 3,9 t :1: 0,6) t~¢) 
U0~(0H~){aca¢)2 3,9 ( f1: 0,6) U0~c ~0~ 
U0~(0H~)(t08U0~0aeaC)~ 4.5 (~:0.6) U0~.~c .t.~ ~ 

1"a61e 4 
Ma55 5pectra1 data 

C0mp1ex m/2 A5519nment 

U02(0H2) (acac)2 100, 85, 43 M¢c0cHC0MeH 
100, 71, 57, 43 c~C(0)c(0H) (c11~1°1~ 

u0.(0H2)(t-8u-acac)2 184, 127, 109, 85, t.8uc0cHC0t-8uH 
81,69, 57,43, 41 
114, 109, 57 (CH~).~CC(CH~)~ 
100, 85, 57, 43 CH3C(0) (CH~).a 
86, 85, 71, 57, 43 (CH~).~CC(0)H 
84, 69, 43, 41 CH2C(CH0C(0)CH~ 

t1tat1ve w0rk the 4uantum y1e1d wa5 mea5ured u51n9 254 mn 
f19ht a550c1ated w1th h19h ener9y 119and-t0-meta1 char9e 
tran5fer tran51t10n5. 

7he ener9y 0f the tran51110n5 065erved 1n th1n f1hn5 are 
5h1fted 18 nm t0 10wer ener9y c0mpared w1th the re5u1t 1n 
ethan01 501ut10n rep0rted 6y C0myn5 et a1. [ 16], 7h15 pre- 
5uma61y re5u1t5 fr0m the 1nteract10n 6etween p01ar 501vent 
and 5amp1e m01ecu1e5.1t 15 kn0wn that a p01ar 501vent u5ua11y 
1ncrea5e5 the ener91e5 0f ¢r-¢r* tran51t10n5 [22]. 1n f11m5, 
there 15 n0 501v0nt-5amp1e 1nteract10n; 50 the a650rpt10n ener- 
91e5 that we 06ta1ned fr0m f11m5 appeared t0 10wer ener91e5. 

7he UV-v15161e 5pectrum 0f the U02 (0H2) (t-8 u-acac): 
th1n f11m wa5 very 51m11ar t0 the 5pectrum 0f 
U02 (0H2) (acac) 2. 7he a650rp•10n 6and5 and the ext1nct10n 
c0eff1c1ent5 are 115ted 1n 7a61e 2. 

3, 2. Character12at10n 0 f  the react10n pr0duct5 

3.2.1. 5011d pha5e pr0duct5 
7he ph0t01y515 0f th1n f11m5 0f e1ther 0f the 1,3 d1ket0nate 

e0mp1exe5 re5u1t5 1n the 1055 0f the a650rpt10n 6and5 a550c1- 
ated w1th the e0mp1exe5. 7he f1na1 f11m5 5h0w a650rpt10n 
6and5 1n the re910n 0f 900 cm - 1.7he5e 6aJ1d5 are a550c1ated 
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w1th the retent10n 0f the 0xy9en, 1nd1cat1n9 the f0rmat10n 0f 
uran1um 0x1de5 [ 23 ]. 7h151nterpretat10n 15 a150 5u65tant1ated 
6y Au9er e1ectr0n 5pectr05c0py wh1ch ha5 6een u5ed t0 mea5- 
me the 5t01ch10metry 0f the reta1ned 0x1de. 1n 7a61e 3 the 
Au9er e1ectr0n data are pre5e~ted. 7he data were 6a5ed up0n 
the 1nten51ty 0fthe 0xy9en 519na1 near 500eV and the uran1um 
519na1 at 78 eV. 8y ut11121n9 a c0mmerc1a11y 06ta1ned U0~ 
5tandard the 5t01ch10metry wa5 e5ta6115hed a5 w1th1n err0r 0f 
U0~ f0r a11 the mater1a1~ pr0duced 1n th15 5tudy. 

3,2,2. Ma55 5pectra1 ana1y515 0f the v01at11e pr0duct5 
51nce the 0r9an1c pr0duct5 0f the 5urface react10n5 were 

n0t ev1dent 0n the 5urface, 1t wa5 apparent that the fra9ment5 
c0u1d 6e f0und 1n the 9a5 pha5e. 1n 0rder t0 1dent1fy the5e 
pr0duct5 5urface5 were ph0t01y5ed and the 9a5e0u5 fra9ment5 
m0n1t0red 6y ma55 5pectra1 ana1y515.1n 7a61e 4 the fra9ment5 
detected are 115ted t09ether w1th the 065erved ma55 and 
a5519nment5, 

0n1y tw0 v01at11e 0r9an1c pr0duct5 were detected f0110w0 
1n9 the ph0t01y515 0f U02(0H2) (acac):. 7he f1r5t wa5 51mp1y 
the free 119and, MeC0CH2C0Me, wh11e the 5ec0nd wa5 an 
150mer12at10n pr0duct 0f th15 119and, 3-hydr0xy1,3-methy1 
0yc106utan0ne. A m0re c0mp11cated 5et 0f pr0duct5 wa5 
065erved 0v¢r the U0~ (0H~) (t-8u--acac) ~ f11m. 

Ph0t01y51~ 0f a 5urface f11m 0f U0~(0H~)(t-8u-acac): 
y1e1ded the free 119and, t-8uC0CH~C0t-8u, and a var1ety 0f 
fra9menta00n pr0duct5.7he5e fra9mentat10n pr0duct5,115ted 
1n 7a61e 4, w111 6e d15cu55ed 1n 5ect10n 4.2. 

3,3. Quantum y1e1d determ1nat10n5 

7he 4u~mtum y1e1d5 f0r the prev10u51y rep0rted dec0m- 
p051t10n r¢a¢t10n5 0f the tw0 1,3 d1ket0nate c0mp1exe5 were 
a150 mea5ured. 7h1n f11m5 0f U0=(0H2)(t-8u-acac): were 
prepared and ph0t01y5ed w1th m0n0chr0mat1c 119ht at 254 
nm. 7he F71R 5pe0~1 chan9e5 a550c1ated w1th the ph0t01y515 
0f a 580 m0n01ayer f11m 0f U02(0H2) ( t-8u-a0ac ) 2 are 111u5- 
trated 1n F19, 2, 7he ph0t01y515 0f U0a(0H~)(t-8u-a¢ac): 
1ed t0 th¢ 1055 0fa11 the Fr1R 6and5 a550c1ated w1th d1ket0nate 
119and at 1564, 1547,1503,1374, 1331, 1226and 1146cm-~. 

2- 

,0~$ 1 

. 1 

1 ( ;00 1 ~ 0 0  1 4 0 0  1 a 0 0  

f r e 4 u e n c y  ( e r n - 1 )  
F19. 2. Chan9e51a F71R 5pectra 0f U0~(0H2)(t-8u--ac~): th1n f11m up0n 
phe¢01y~fmr0,35,~10,1~), 255,420, 740md 1360 m1n w1th254 nm119ht, 
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p h ~ 5 1 1 r m  (5eC0 
F19, 3, P10t 5h0w1n9 the a650r6anc0 A, at 1351 ¢m" t v5, ph0t01y51511m01n 
the ph0t01yf15 0f U0~(0H2) ( t - 8 u ~ ¢ ) =  w1th 2.%4 nm 119ht, 

7he a5ymmetr1c 5tretch1n9 6and 0f 0~U=0  at 887 cm-1 
(n0t 5h0wn) decrea5ed and c0nc0m1tant 9r0wth 0f a 6and at 
904 cm- 1 (n0t 5h0wn) 1nd1cated th0 f0rm~t10n 0f the U0~ 
f11m, 7here wa5 n0 detecta61e 1ntermed1ate 065erved dur1n9 
the ph0t01y515. 

7he dec0mp051t10n 4uantum y1e1d 0f U02(0H2)(t-8u- 
acac)2 wa5 determ1ned 0n the 6a515 0f F71R 5pectr05c0py 
data 0f the ph0t01y515 exper1ment, 7he 1R a650r6anc0 A0 0f 
the 5tart1n9 mater1a1 at 1351 cm- t and the a650r6ance A, 0f 
th15 6and a5 a funct10n 0f ph0t01y515 t1me were mea5ured. A 
p•0t 0fA~ v5. ph0t01y515 t1me (F19. 3) wa5 then made. 7h15 
p10t 15 f1tted t0 an exp0nent1a1 decay and 15 c0n515tent w1th a 
51n91e-ph0t0n pr0ce55. 7he 4uantum y1e1d wa5 determ1ned 
6y the decay c0n5tant 0f the p10t, the 1nten51ty 0f the 1rrad1- 
at10n 119ht and the ext1nct10n c0eff1c1ent 0f a650rpt10n at the 
1rrad1at10n wave1en9th acc0rd1n9 t0 E4. (11.7he 4uantum 
y1e1d wa5 0.015 ( 4- 30%). 

A 51m11ar ph0t01y515 exper1ment wa5 c0nducted w1th 
U02(0H2)(acac)2. 7he ph0t01y515 0f th1n f11m5 0f 
U02(0H2) (acac)2 re5u1ted 1n the 1055 0f a11 1R a650rpt10n 
6and5 a550c1ated w1th the acety1acet0nate 119and at 1574, 
./524, 1429, 1362, 1271 and 1015 cm -t .  7he 1055 0f the 
a5ymmetr1c 5tretch1n9 6and 0f 0~=U~=0 at 916 cm- t wa5 
acc0mpan1ed 6y the appearance 0f a 6and at 908 cm- t a550- 
c1ated w1th the a5ymmetr1c 5tretch1n9 0f U05. 

7he p10t 0fA, f0r the a650rpt10n at 1524 cm- t v5. ph0t01- 
y515 f1tted a 51n91e-exp0nent1a1 decay. 7he d15appearance 
4uantum y1e1d 0f U0:(0H2) (acac)2 wa5 f0und t0 6e 0.007 
( + 40%), 

U02(0H2)(t-8u-acac)2 reacted w1th a h19her 4uantum 
y1e1d than U02(0H2)(acac)2. 7h1515 attr16uted t0 the 6u1ky 
119and 1n the U02(0H2)(t-8uC0CHC0t-8u)2 m01ecu1e. 
7he 6u1ky 119and, t-8uC0CHC0t-8u, create5 5pace5 
6etween m01ecu1e5 1n the f11m t0 a110w the ph0t0chem1ca11y 
pr0duced fra9ment5 t0 eject fr0m the 5urface. 
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4. D15cu5510n 

7he ph0t01y515 0f 60th U02(0H2) (acac)2 and 
U02(0H2) (t-8u-acac) 2 are 51n91e ph0t0n pr0ce55e5: 

hv 
U0,(0H2)L2 ~ U03 + 0r9an1c pr0duct5 (2) 

where L = acac 0r t-8u-acac.  
We w111 exam1ne the deta11ed mechan15m 0f each 0f the5e 

react10n51n the f0110w1n9 5ect10n5. 

4.1. Mechan15m 0f the ph0t01y515 0f U02(0H2)(acac)~ 

80th F71R 5pectra1 data and Au9er ph0t0e1ectr0n 5pec- 
tr05c0py are 1nd1cat1ve 0f the pr0duct10n 0f U03.7he 51n91e- 
exp0nent1a1 decay 0fAt v5. ph0t01y515 t1me 15 c0n515tent w1th 
them 6e1n9 n0 therma11y 5ta61e 1ntermed1ate5 f0rmed 1n the 
react10n. 7he 0r9an1c pr0duct5 are der1ved fr0m thc 119and5. 
7he 0vera11 react10n 15 

hv  u03 (3) 

1t 15 1mp0rtant t0 n0te that the 5t01ch10metry 5h0wn 1n E4. 
(3) ha5 n0t 6een une4u1v0ca11y e5ta6115hed. 7he 1nten51ty 0f 
the ma55 5pectra1 519na15 are n0t 1nd1cat1ve 0f the re1at1ve 
am0unt5 0f the5e mater1a15 f0rmed. 1n 5p1te 0f th15 the 5t01- 
ch10metry 115ted 15 c0n515tent w1th what appear5 t0 6e the 
m05t rea50na61e mechan15m wh1ch 15 0ut11ned 1n 5cheme 1. 

7he react10n 15 1n1t1ated 6y the a650rpt10n 0f a ph0t0n 
wh1ch re5u1t5 1n a 119and-t0-meta1 char9e tran5fer tran51t10n 
1n the 5tart1n9 mater1a1, U02(0H2) (acac) 2.7he effect 0f th15 
tran51t10n 15 t0 c1eave a uran1um 0xY9en 60nd. 7he a65tract10n 
0f a ~hydr09en at0m fr0m th0 rem0te methy1 9r0up 6y thc 
0xY9en at0m w1th the unpa1red e1ectr0n 0ccur5 thr0u9h a 51x- 
mem6er tran51t10n 5tate. 7h15 tran5fer 1n1t1ate5 the cyc112at10n 

5h0wn ;n the 5cheme [24]. 7h15 pr0duct then re1ea5e5 the 
cyc~1..ed 119and f0110w1n9 a hydr09en a65tract10n t0 91ve 3- 
hydr0xy-3-methy1-1 -cyc106uten- 1-01 and U02(0H) (acac). 
7he re1ea5ed 3-hydr0xy-3-methy1-1-cyc106uten-1-01 taut0- 
mer12e5 t0 91ve the 065erved pr0duct, ~-hydr0xy-3-methy1- 
cyc106utan0ne [25]. 7he rema1n1n9 uran1um 5pec1e5, 
U02(0H) (acac), 15 un5ta61e, dec0mp051n9 t0 pr0duce U03 
and MeC0CHC0MeH. 

4.2. Mechan15m 0f the ph0t01y515 0f U02(0H2)(t-8u-acac)2 

F0r the ph0t01y515 0f U02(0H2) (t-8u-acac) 2 f11m, F71R 
5pectr05c0py 1nd1cated that the react10n wa5 a 51n91e-ph0t0n 
pr0ce55. A5 the re5u1t 0f the 51n91e-ph0t0n pr0ce55, the p10t 
0fA, v5. ph0t01y515 t1me wa5 a 51n91e-exp0nenL1a1 decay. 80th 
F71R and Au9er e1ectr0n 5pectr05c0py 1nd1cated that U03 
wa5 the f1na15urface pr0duct. 7he 0r9an1c pr0duct5 9enerated 
fr0m the ph0t01y515 were Ht-8uC0CHC0t.8u, 
(CH3)3CC(CH~)3, CH3C0C(CH~)~, CH2C(CH3)C0CH~ 
and (CH3)2CHC0CH3. 7he5e pr0duct5 were 065erved 1n 
M5.5cheme 2 15 the pr0p05ed mechan15m that acc0unt5 f0r 
a11 the 065ervat10n5. 

7he a650rpt10n 0f a ph0t0n 1ead5 t0 a 119and-t0-meta1 
char9e tran5fer tran51t10n 1nv01v1n9 the tran5fer 0f an e1ectr0n 
fr0m the d0n0r 0xy9en 0n the 5u65t1tuted acac 119and t0 the 
uran1um. 7h15 exc1tat10n 1ead5 t0 a d1rad1ca1 5pec1e5 a5 
de5cr16ed a60ve f0r the ca5e 0f the 51mp1e acac 119and. 1t 15 
n0ta61e that the hydr09en tran5fer react10n de5cr16ed a60ve 
15 n0t fav0ra61e f0r th15 der1vat1ve 1n th15 ca5e 5uch a tran5fer 
w0u1d re4u1re a 5even-mem6er tran51t10n 5tate. 0w1n9 t0 the 
h19h ener9y 0f 5uch a 5tate an a1ternate react1v1ty path d0m- 
1nat~. 7h15 a1ternate pathway 15 m0re ea511y v15ua112ed u51n9 
a1~ a1ternate repre5entat10n 0f the e1ectr0n d15tr16ut10n wh1ch 
15 91ven 1n 5cheme 2.7he chem15try 15 m0re ea511y rat10na1- 
12ed 1n th15 repre5entat10n. 7he 119and c1eave5 t0 y1e1d a 1- 
0x0-2,2-d1methy1pr0py1 rad1ca1 and the urany1 c0mp1ex 
[26]. 7he 1-0x0-2,2-d1methy1pr0py1 rad1ca1 can eject C0 
and pr0duce tert-6uty1 a rad1ca1 [ 27 ] wh1ch u1t1mate1y under- 

. a F = . - . - = -  

1 

5cheme 1. Pr0p05ed mechan15m f0r the ph010react10n 0f a th1n f1hn 0f U02 (0142) ( acac ) ~, 
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5cheme 2, Pr0p05ed mechan15m f0r the ph0t0react10n 0f a th1n f11m 0f U0=(0H=) (1-8u-acac)2, 

90e5 c0m61nat10n t0 y1e1d 2,2,3,3-tetramethy16utane. A1ter- 
nat1ve•y the 1-0x0-2,2-d1methy1pr0py1 rad1ca1 can 
d15pr0p0rt10nate t0 y1e1d 2,2-d1methy1pr0pan01 and 3- 
methy1.3.6uten.2.0ne. 

7he unmy1 c0mp1ex f0rmed ha5 the rad1ca110cated 0n the 
3,3-d1methy1-1-6uten-2°0xy 118and wh1ch ar¢ the remnant5 
0f the c1eaved 118and. 7h15 c0mp1ex 15 un5ta61e and c1eave5 
t0 y1e1d U0~, free ten-6uty1 acac rad1ca1 and 3,3.d1methy1-1- 
6uten-2-01. 7h15 c0mp0und taut0met12e5 t0 y1e1d the m0re 
5ta61e 3,3-d1methy1.2.6uUm0ne. 7he free ten-6uty1 acac 
119end can a65tract hydr08en fr0m 50me 0f the 1.0x0-2,2- 
d1methy1pmpy1 rad1ca1, pr0duced a5 de5cr16ed a60ve t0 y1e1d 
the 1erf.6uty1118and end 3-methy1-3-6u1en-2-0ne. 

7he 4u1te d15t1nct pr0duct5 d~ved fr0m :he ph0t01y515 0f 
the tw0 1,3 d1ket0nate c0mp1exe5 may 6e rat10na112ed t0 
re5u1t fr0m the chem15try 0f the 1n1t1a1 ph0t0pr0duct. 1n the 
ca5e 0f ~,~ 51mp1e ecac 119and the exc1ted 5tate wh1ch ha5 an 
unpa1red e1ectr0n 10ca~1 0n the dan911n9 0xY9en at0m may 
a65tract a hydr09en at0m thr0u9h a 51x-mem6er tran51t10n 
5tate. 7he t-8u-a¢~¢ d~r1vat1v~ d0e5 n0t have th15 r0ute ava11- 
a61e t0 1~ and a5 a re5u1t a m0re c0mp11cated 119and c1eava9e 
~ en5ue5.1n each ca5e t6e~ 1n1t1a1 react10n5 are 0ccurr1n9 

1n c0mpet1t10n w1th re1axat10n t0 the 9r0und 5tate. 7h15 re5u1t 
111u5trate5 the dan9er 1n c0mpar1n9 the eff1c1eacy 0f ph0t0- 
react10n5 0f even c105e1y re1ated c0mp1exe5. 
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