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FOREWORD 

"Temperature dependence of ultraviolet absorption cross-sections 
of brominated methanes and ethanes" is the text of a communication made 
at the "Quadrennial Ozone Symposium" - Göttingen, RFA, 8-13 August 1988. 
It will be published in the proceedings of the symposium. 

AVANT-PROPOS 

"Temperature dependence of ultraviolet absorption cross-sections 
of brominated methanes and ethanes" est le texte d'une communication 
faite au "Quadrennial Ozone Symposium" - Göttingen, RFA, 8-13 août 1988. 
Il sera publié dans les comptes rendus du symposium. 

VOORWOORD 

"Temperature dependence of ultraviolet absorption cross-sections 
of brominated methanes and ethanes" is de tekst van een mededeling 
gegeven op het "Quadrennial Ozone Symposium" - Göttingen, BRD, 8-13 
augustus 1988. Hij zal gepubliceerd worden in de verslagen van het 
symposium. 

VORWORT 

"Temperature dependence of ultraviolet absorption cross-sections 
of brominated methanes and ethanes" ist der Text einer Mitteilung gegeben 
am "Quadrennial Ozone Symposium" - Göttingen, BRD, 8-13 August 1988. Er 
wird publiziert werden in den Berichten der Tagung. 



TEMPERATURE DEPENDENCE OF ULTRAVIOLET ABSORPTION CROSS-SECTIONS 
OF BROMINATED METHANES AND ETHANES 

by 

D. GILLOTAY, P.C. SIMON and L. DIERICKX 

Abstract 

Absorption cross-sections of five brominated methanes (CH^Br, 
CH2Br2> CF^Br, CF2Br2 and CF2BrCl), and of two brominated ethanes 
(CF2Br-CF2Br and CF3-CHBrCl) have been measured between 172 and 300 nm 
with a classical single beam system, for temperature ranging from 210 to 
295 K. These data are compared with previous determinations made at room 
temperature (Robbins, 1976 and Molina et al., 1982). 

Numerical values of absorption cross-sections are given and the 
temperature effects on the photodissociation coefficients of these 
molecules discussed. 

Résumé 

Les sections efficaces d'absorption de cinq méthanes bromés 
(CH^Br, CH2Br2> CF^Br, CF2Br2 et CF2BrCl) et de deux éthanes bromés 
(CF2Br-CF2Br et CF-j-CHBrCl) ont été mesurées, entre 172 et 300 nm, grâce 
à un dispositif classique à simple faisceau, pour des températures 
comprises entre 210 et 295 K. Ces mesures sont comparées avec des déter-
minations antérieures réalisées à température ambiante (Robbins, 1976, et 
Molina et al., 1982. 

Les valeurs numériques des sections efficaces d'absorption sont 
données et les effets de température sur les coefficients de photo-
dissociation de ces molécules sont discutés. 



Samenvatting 

De werkzame absorptiedoorsneden van vijf gebromeerde methaan-
verbindingen (CH^Br, CH2Br2, CF^Br, CF2Br2 en CF2BrCl) en van twee 
gebromeerde ethaanverbindingen (CF2Br-CF2Br en CF^-CHBrCl) werden gemeten 
tussen 172 en 300 nm met een klassiek toestel voorzien van een enkele 
bundel, voor temperaturen vervat tussen 210 en 295 K. Deze gegevens 
worden vergeleken met vorige bepalingen opgesteld bij kamertemperatuur 
(Robbins, 1976 en Molina et al., 1982). 

De numerieke waarden van de werkzame absorptiedoorsneden worden 
gegeven en de temperatuureffecten op de fotodissociatiecoëfficiënten van 
deze moleculen worden besproken. 

Zusammenfassung 

Die effektiver Absorptionsquerschnitten von fünf bromierten 
Methanverbindungen (CH^Br, CH2Br2, CF^Br, CF2BR2 und CF2BrCl) und von 
zwei bromierten Ethanverbindungen (CF2Br-CF2Br und CF^-CHBrCl) wurden 
gemessen zwischen 172 und 300 nm mit einem klassischen Gerät mit einem 
einzigen Bündel, für Temperaturen zwischen 210 un 295 K. Diese Daten 
werden untersucht mit vorigen Bestimmungen zusammengestellt auf Zimmer-
temperatur (Robbins, 1976 und Molina et al., 1982). 

Die numerische Werte der effektiven Absorptionsquerschnitten 
werden gegeben und die Temperatureffekten auf den Photodissoziation-
koeffizienten dieser Molekülen werden besprochen. 

02 



1. INTRODUCTION 

Recent studies (Prather et al., 1984; Rodriguez et al., 1986; 
Yung et al., 1980) show that brominated compounds can play a 
•significantly role in the ozone catalytic destruction in the strato-
sphere. RBr species concentrations have been measured in the atmosphere 
by several authors (Fabian et al., 1981; Lai et al., 1985; Cicerone et 
al., 1988; Berg et al., 1984; Penkett et al., 1985; Class et al., 1986) 
confirming their possible impact on the ozone layer. 

The reliability of models is strongly dependent on the photo-
dissociation pattern adopted for these bromocarbons. Until now, one set 
of measurements of absorption cross-sections is available at room 
temperature for most of the bromocarbons (Molina et al., 1982), a second 
set of data being available for CH^Br (Robbins, 1976). The purpose of 
this paper is to report a new investigation of ultraviolet absorption 
cross-sections of five brominated methanes (CH^Br, CHgBrg, CF^Br, CF2Br2 
and CF2BrCl), and of two brominated ethanes (CF2Br-CF2Br and CF^-CHBrCl) 
measured between 172 and 300 run, for temperatures between 295 and 210 K. 
Temperature dependence of absorption cross-section is clearly 
demonstrated. Photodissociation coefficients are calculated and their 
temperature dependence is discussed. 

2. EXPERIMENTAL 

The absorption measurements have been performed by means of a 
single beam experimental device previously discribed in Gillotay and 
Simon, (1988), including a Deuterium or a Tungsten filament light source, 
a i m McPherson 225 monochromator, a 2 m thermostatic absorption cell and 
a EMR type 542 P-09-18 solar blind photomultiplier. The temperature is 
regulated down to 210 K by circulation of cooled methylcyclohexane 
through double jacket around the absorption cell and is determined with a 

-3 
precision better than 1% at 210 K. The pressures ranging from 2 x 10 to 
1000 torr are measured with three capacitance manometers MKS Baratron 
with a precision better than 0.1%. 
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Determination of absorption cross-sections is made after at 

least fifteen sequential recordings of the incident and absorbed fluxes 

measured for identical temperature conditions, using the Beer-Lambert's 

law. 

3. RESULTS 

Numerical values of absorption cross-sections for selected 

wavelengths between 168 and 304 nm (2 nm intervals) are given in Tables 

2-8. The absorption spectra are illustrated in Figures 1 for the 

bromo-methanes. 

Measurements have been performed at working pressures given in 

Table 1. In all cases, Beer-Lambert' s law was verified for absorptions 

ranging from 10 to 85%. In such conditions, and according to the error 

budget recently published (S imon et al. , 1988), the absorption cross-

sections given in Tables 2-8 are determined with an accuracy of + 2% at 

room temperature and of +_ 3 to + 4% at the lowest temperature. 

Brominated compounds display a continuous absorption in the 

172-300 nm range, with absorption cross-sections ranging from 10 ^ to 
-25 2 -1 

10 . cm molecule , with a maximum around 200 nm for the monobrominated 

carbons and around 225 nm for the dibrominated ones. The results are 

compared with the previous available values (Molina et al. , 1982; 

Robbins, 1976). Disagreements up to 20% are observed between our set of 

measurements and the values proposed by Molina et al., (1982), the latter 

being lower than ours mainly in the region of high absorption. 

Absorption cross-section values change with temperature by a 

factor which depends on both the wavelength and the chemical composition 

of the compound. For each wavelength, an exponential dependence of the 

absorption cross-section versus temperature is clearly shown, with a 

decrease of absorption cross-sections in the region of low absorptions 

(up to 80% at 310 nm and 210 K) and an increase (up to 20% at 210 K) near 

the maximum of absorption. 
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4. DISCUSSION 

Photodissociation coefficients of these molecules have been 

calculated, neglecting effects of multiple scattering, for given altitude 

(z) , zenith angle (x) and wavelength interval according to the relations 
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z is the altitude, 

o
x
 are the absorption cross - sections, 
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 the solar irradiance at altitude z or extrater-

restrial (z - <*>) , 

n is the number of particles per volume unit, 

for solar zenith angles of 0° and 60° (sec x ~ 1
 a n

d 2), 

taking into account the values of 0^) and <7^(0^) from WMO and Kockarts 

(1976), a from Nicolet (1984) and the values of q.(®) from WMO SCdUC A 

(1985) and taking into account the actual values of cross - sections 

corresponding to the temperatures conditions at each altitude. Strato-

spheric photodissociation coefficients (for altitude ranging from 15 to 

50 km) calculated with the temperature dependent absorption cross-

sections, are about 15% greater than those calculated with the room 

temperature values in the 20-35 km region, due to the increase in the 

absorption cross-sections in the 200 run region. The photodissociation 

coefficients of CH^Br and seem to be temperature independent. 

Tropospheric photodissociation coefficients for all these molecules are - 8 -11 -1 

very low (between 10 and 10 sec ) and are reduced down to 20% of 

their room temperature values, using the temperature dependent cross-

sections values. Therefore, the theoretical tropospheric residence times 

are increased, and the production of Br radicals in the troposphere by 

photodissociation of brominated species may be considered as negligible. 
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In conclusion, this work presents a new set of experimental data 

on the absorption cross-sections of bromocarbons in atmospheric 

temperature conditions and also highlights the non negligible temperature 

dependence for stratospheric studies. 
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BROMOMETHANES 

WAVELENGTH (nm) 

Fig. 1.- Ultraviolet absorption cross - sections of bromomethanes with 
respect to wavelength at 295 K. 
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TABLE 1. : PRESSURE RANGES FOR ABSORPTION CROSS-SECTIONS 

MEASUREMENTS. 

Compound 
Temp. 

295 K 

PRESSURE (torr) 

255 R 210 K 

CFgBr 722 - 6x10 
-1 597 - 6x10 -1 384.6 - 2x10 

- 2 

C F 2 B r 2 234 - 3x10 
- 2 67 - 1x10 3.4 - 2x10 

CFgBrCl 453 - 1x10 80 - 8x10 
- 2 10.3 - 9x10 

- 2 

CHgBr 22 - 4x10 
- 2 

19 - 7x10 
- 2 9.6 - 9x10 

- 2 

C H 2 B r 2 36 - 4x10 
- 2 1 - 5x10 

- 2 

C 2 F 4 B r 4 80 - 2x10 67 - 5x10 - 2 11.2 - 2x10 
- 2 

C 2 F 3 H B r C l 147 - 4x10 
- 2 20 - 4x10 

- 2 9xl0
_ 1
-4xl0

 2 

Gillotay and Simon, 1988a. 

: Gillotay and Simon, 1988b. 
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TABLE 2 . ABSORPTION CROSS-SECTIONS [ a (A) x 10 2 1 ( c m 2 molec."1)] 
OF CH-Br ( G i l l o t a y and Simon, 1988b) 

A( nm) 295K 270K 250K 230R ' 210K 
180 500 500 500 500 500 182 198 198 198 198 198 184 208 208 208 208 208 186 271 271 271 271 271 188 346 346 346 346 346 190 439 439 439 439 439 192 529 529 529 529 529 
194 620 620 620 620 620 
196 691 691 691 691 691 
198 760 760 760 760 760 
200 791 791 791 791 791 
202 797 797 797 797 797 
204 . 793 793 793 793 793 
206 767 767 767 767 767 
208 727 727 727 727 727 
210 666 666 666 666 666 
212 614 613 613 613 613 
214 557 557 556 556 556 
218 493 493 492 492 492 
218 440 438 436 434 432 
220 378 374 372 369 367 
222 325 321 318 316 313 
224 278 273 268 264 260 
226 231 226 222 218 214 
228 190 187 184 181 179 
230 155 152 149 147 144 
232 125 122 120 117 115 
234 99 . 2 96 . 1 93 . 7 91. 3 89 . 0 
236 77 . 3 74 . 2 71 . 7 69 . 3 67 . 1 
238 59 . 7 56 . 6 54 . 3 52 . 0 49. 9 
240 44 . 8 42 . 7 41 . 0 39 . 4 37 . 9 
242 33. 3 31. 6 30. 2 28. 9 27. 7 
244 - 25. , 1 23. 3 22. 0 20. 8 19. 6 
246 18. ,2 16. 9 15. 9 15. 0 14. 1 
248 13. ,0 12. ,0 11. 2 10. 5 9 . 81 
250 9, ,57 8. ,65 7. 98 7. 37 6. 80 
252 6. ,89 6. ,09 5. ,52 5. ,01 4. ,54 
254 4. .83 4, ,26 3, ,85 3, ,48 3, , 14 
256 3. ,39 2. ,93 2, ,61 2. ,32 2. ,07 
258 2. .40 2, ,02 1, ,75 1, ,52 1, ,32 
260 1 .70 1, .43 1 ,24 1, ,07 0, ,932 
262 1, .23 0, .946 0, .800 0 .678 0, .573 
264 0 .810 0 .638 0 .529 0 .439 0 .364 
266 0 .557 0 ;429 0 .348 0, ,282 . 0 .229 
268 0 .384 0 .287 0 .227 0 . 180 0 . 142 
270 0 .255 0 . 191 0 . 147 0 . 114 0 . 0875 
272 0 .183 0 . 127 0 .0953 0 .0713 0 .0533 
274 0 . 118 0 .0847 0 .0614 0 .0444 0 . 0322 
276 0 .0880 0 .0567 0 .0394 0 .0275 0 .0193 
278 0 .0616 0 .0375 0 .0253 0 .0170 0 .0114 
280 0 .0434 0 .0251 0 .0162 0 .0104 0 .00672 
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TABLE 3. ABSORPTION CROSS-SECTIONS [ a (A) x 1021 (cm2 molec."1)] 
OF CH2Br2 

A(nm) 295K 270K 250K 230K 210K 
174 11709 
176 6624 6352 6143 5940 5744 
178 3772 3594 3458 3326 3200 
180 2410 2331 2270 2211 2153 
182 1784 1714 1660 1608 1557 
184 1544 1469 1412 1357 1303 
186 1535 1487 1450 1414 1379 
188 1661 1646 1634 1623 1611 
190 1870 1879 1887 1894 1902 
192 2093 2115 2133 2151 2170 
194 2225 2270 2306 2343 2381 
196 2283 2322 2354 2387 2419 
198 2260 2291 2317 2342 2368 
200 2201 2209 2216 2223 2230 
202 2143 2133 2126 2119 2111 
204 2101 2087 2075 2064 2052 
206 2112 2101 2092 2084 2075 
208 2175 2186 2195 2205 2214 
210 2269 2307 2339 2370 2402 
212 2428 2530 2614 2702 2792 
214 2548 2706 2839 2979 3126 
216 2622 2825 2998 3182 3377 
218 2647 2879 3080 3294 3524 
220 2621 2868 3082 3311 3558 
222 2547 2792 3005 3234 3481 
224 2430 2659 2859 3073 3304 
226 2276 2479 2656 2844 3046 
228 2094 2264 2411 2566 2732 
230 1893 2026 2140 2261 2388 
232 1682 1779 1861 1946 2035 
234 1470 1533 1585 1639 1695 
236 1264 1297 1324 1352 1380 
238 1070 1079 1086 1094 1101 
240 892 883 876 868 861 
242 733 711 694 678 662 
244 594 565 542 521 500 
246 475 442 417 394 372 
248 375 342 317 294 273 
250 293 261 238 217 197 
252 226 197 176 158 141 
254 172 147 129 114 100 
256 130 109 93. 9 81. 2 70. 1 
258 97. 8 79. 7 67. 7 57. 5 48. 8 
260 72. 7 58. 0 48. 5 40. 5 33. 8 
262 53. 7 42. 0 34. 5 28. 3 23. 2 
264 39. 4 30. 2 24. 4 19. 7 15. 9 
266 28. 8 21. 6 17. 2 13. 7 10. 9 
268 20. 9 15. 4 12. 1 9. 47 7. 42 
270 15. 2 11. 0 8. 48 6. 55 5. 06 
272 11. 0 7. 81 5. 95 4. 53 3. 45 
274 7. 93 5. 55 4. 17 3. 14 2. 36 
276 5. 73 3. 95 2. 93 2. 18 1. 62 
278 4. 15 2. 82 2. 07 1. 52 1. 12 
280 3. 01 2. 02 1. 47 1. 07 0. 773 
282 2. 19 1. 45 1. 04 0. 750 0. 539 
284 1. 60 1. 05 0. 747 0. 532 0. 379 
286 1. 18 0. 764 0. 540 0. 381 0. 269 
288 0. 877 0. 562 0. 393 0. 275 0. 193 
290 0. 656 0. 416 0. 290 0. 201 0. 140 
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TABL 

A(nm 

168 
170 
172 
174 
176 
178 
180 
182 
184 
186 
188 
190 
192 
194 
196 
198 
200 
202 
204 
206 
208 
210 
212 
214 
216 
218 
220 
2 2 2 
224 
226 
228 
230 
232 
234 
236 
238 
240 
242 
244 
246 
248 
250 
252 
254 
256 
258 
260 
262 
264 
266 
268 
270 
272 
274 
276 
278 
280 

ABSORPTION CROSS-SECTIONS [ CT ( A ) x Ï O
2 1

 (cm
2

 molec. 
OF CFgBr (Gillotay et al., 1988a) 

295 K 270R 250K 230K 210K 

5. 17 5. 09 5. 04 4. 98 4. 93 
6. 96 6. 89 6. 84 6. 79 6. 73 
9. 28 9. 24 9. 21 9. 17 9. 14 

12. 2 12. 3 12. 3 12. 3 12. 3 
16. 0 16. 1 16. 2 16. 3 16. 4 
20. 5 20. 8 21. 1 21. 3 21. 6 
26. 1 26. 6 27. 1 27. 5 28. 0 
32. 6 33. 5 34. 3 35. 0 35. 8 
40. 2 41. 6 42. 7 43. 9 45. 1 
48. 8 50. 8 52. 4 54. 1 55. 9 
58. 2 60. 9 63. 2 65. 5 67. 9 
68. 4 71. 9 74. 8 77. 8 81. 0 
78. 8 83. 2 86. 9 90. 7 . 94. 7 
89. 3 94. 6 99. 0 104 108 
99. 4 105 110 116 121 

109 115 121 127 133 
116 123 129 136 142 
122 130 136 142 149 
126 133 139 146 152 
128 134 14U 146 I6ü 
127 132 137 142 148 
123 128 132 136 140 
117 121 124 127 130 
110 112 114 116 118 
101 102 102 103 104 
90. 6 90. ,3 90. , 1 89. ,9 89. 7 
79. 9 78. .6 77. ,6 76. ,6 75. 6 
69. .2 67, , 1 65, .4 63, ,8 62, ,3 
58, .8 56, . 1 54, ,1 52, , 1 50, , 1 
49, , 1 46, .1 43, ,8 41, .6 • 39, ,5 
40 .3 37 . 1 34 .7 32 .5 30, ,5 
32 .4 29 .3 27 .0 25 .0 23, .0 
25 .7 22 .8 20 .7 18 .8 17, . 1 
20 .0 17 .4 15 .6 13 .9 12 .4 
15 .3 13 . 1 11 .5 10 . 1 8 .88 
11 .6 9 .66 8 .35 7 .22 6 .24 
8 .62 7 . 04 5 .98 5 .09 4 .33 
6 .33 5 .06 4 .23 3 .54 2 .96 
4 .59 3 .59 2 .95 2 .43 2 .00 
3 .28 2 .52 2 .04 1 .65 1 .33 
2 .32 1 .75 1 .39 1 . 11 0 .881 
1 .63 1 .20 0 .941 0 .738 0 . 579 
1 .13 • 0 .818 0 .632 0 .489 0 .378 

. 0 .777 0 .554 0 .422 0 .322 0 .246 
0 .530 0 .373 0 .281 0 .212 0 . 160 
0 .360 0 .250 0 .186 0 . 139 0 . 104 
0 .243 0 . 167 0 . 123 0 .0911 0 .0674 
0 .164 0 .111 0 .0817 0 .0600 0 . 0440 
0 . 110 0 .0742 0 .0542 0 .0396 0 .0290 
0 .0736 0 .0496 0 .0362 0 .0264 0 .0192 
0 .0494 0 .0333 0 .0243 0 .0177 0 .0129 
0 .0331 0 .0225 0 .0164 0 .0120 0 .00882 
0 .0223 0 .0153 0 .0112 0 .00829 0 .00611 
0 .0151 0 .0105 0 .00779 0 .00580 0 .00432 
0 .0103 0 .00725 0 .00547 0 .00414 0 .00313 
0 .00706 0 .00509 0 .00392 0 .00301 0 .00232 
0 .00489 0 .00363 0 .00286 0 .00225 0 .00177 
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TABLE 5. ABSORPTION CROSS-SECTIONS [ o (X) x 10 2 1 

OF CF,Br 2 (Gillotay et a l . , 1988a) 

A(nm) 295 K 270 1 < 250 K 230 K 210 K 

170 1245 1108 1000 891 782 
172 781 696 629 560 493 
174 553 551 550 549 548 
176 495 523 546 568 590 
178 603 641 671 700 730 
180 750 791 824 857 890 
182 866 939 997 1056 1114 
184 1009 1086 1148 1210 1272 
186 1118 1204 1272 1341 1409 
188 1180 1262 1327 1392 1458 
190 1168 1252 1319 1387 1454 
192 1109 1185 1245 1306 1366 
194 1022 1085 1135 1185 1235 
196 920 973 1016 1058 1100 
198 825 869 905 941 976 
200 748 792 827 862 898 
202 716 758 791 825 858 
204 735 778 812 846 880 
206 810 853 887 921 955 
208 936 989 1033 1076 1119 
210 1110 1173 1223 1273 1323 
212 1431 1408 1466 1525 1503 
214 1586 1670 1738 1806 1873 
216 1841 1935 2011 2086 2162 
218 2081 2186 2270 2353 2437 
220 2281 2394 2482 2577 2676 
222 2477 2585 2675 2767 2863 
224 2540 2643 2729 2817 2909 
226 2545 2640 2718, 2800 2883 
228 2493 2577 2646 2717 2790 
230 2390 2461 2519 2578 2639 
232 2246 2302 2347 2394 2442 
234 2068 2109 2143 2177 2212 
236 1869 1897 1918 1941 1964 
238 1659 1674 1686 1698 1710 
240 1448 1452 1455 1459 1463 
242 1243 1238 1235 1232 1229 
244 1050 1039 1031 1023 1015 
246 875 860 848 836 825 
248 718 701 687 674 661 
250 582 564 549 535 521 
252 466 447 433 419 406 
254 369 351 337 325 312 
256 289 272 260 248 237 
258 224 209 198 189 178 
260 172 159 150 141 132 
262 130 119 112 104 97. 3 
264 98. 7 89. 6 82. 9 76. 7 71. 0 
266 74. 0 66. 5 61. 0 56. 0 51. 3 
268 55. 1 48. 9 44. 5 40. 5 36. 8 
270 40. 8 35. 9 32. 3 29. 1 26. 3 
272 30. 1 26. 1 23. 3 20. 8 18. 6 
274 22. 1 18. 9 16. 7 14. 8 13. 1 
276 16. 1 13. 7 12. 0 10. 5 9. 17 
278 11. 7 9. 81 8. 51 7. 38 6. 39 
280 8. 52 7. 04 6. 04 5. 18 4. 44 
282 6. 17 5. 03 4. 27 3. 62 3. 08 
284 4. 47 3. 59 3. 02 2. 53 2. 13 
286 3. 23 2. 56 2. 13 1. 77 1. 47 
288 2. 34 1. 83 1. 50 1. 23 1. 01 
290 1. 69 1. 30 1. 06 0. 856 0. 695 
292 1. 22 0. 928 0. 744 0. 596 0. 478 
294 0. 876 0. 663 0. 525 0. 415 0. 329 
296 0. 645 0. 474 0. 370 0. 290 0. 226 
298 0. 470 0. 340 0. 262 0. 202 0. 156 
300 0. 343 0. 244 0. 186 0. 142 0. 108 
302 0. 252 0. 176 0. 132 0. 0993 0. 0746 
304 0. 185 0. 1274 0. 0944 0. 0699 0. 0518 
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TABLE 6 . ABSORPTION CROSS i-SECTIONS C a (A) x 1 0 2 1 ( c m 2 molec OF CFgBrCl ( G i l l o t a y e t a l . 1988a ) ( c m 2 molec 

•Mnm) 295 K 270 K 250 K 230 K 210 K 
170 3230 3200 3180 3160 3150 l 172 2342 2300 2285 2250 2227 174 1760 1720 1680 1660 1660 176 1209 1180 1175 1170 1160 178 847 840 834 830 825 180 581 580 579 579 578 182 419 419 418 418 418 184 350 353 356 359 362 186 341 347 353 359 366 188 389 405 420 437 456 190 474 500 524 548 573 192 584 626 666 707 748 194 722 768 816 866 922 196 845 919 974 1020 1078 198 990 1041 1090 1139 1190 200 1197 1244 1284 1324 1366 202 1230 1283 1328 1374 1422 204 1244 1302 1350 1400 1452 206 1239 1299 1350 1402 1457 208 1216 1277 1328 1381 1435 210 1177 1237 1286 1337 1391 ?A?. 1124 1180 1227 1276 1328 214 1060 1111 1154 1198 1245 216 986 1032 1070 1110 1151 218 907 947 980 1014 1049 220 824 858 885 914 943 222 741 768 790 813 836 224 659 680 697 714 732 226 580 595 608 620 633 228 505 516 524 533 541 230 436 442 447 452 457 232 373 376 378 380 382 234 316 316 316 316 316 236 266 264 262 260 259 238 222 218 215 212 210 240 183 179 175 172 168 242 150 145 141 138 134 244 123 117 113 109 106 246 9 9 . 2 9 4 . 0 9 0 . 0 8 6 . 1 8 2 . 5 248 7 9 . 7 7 4 . 7 7 0 . 9 6 7 . 3 6 3 . 9 250 6 3 . 7 59 . 0 5 5 . 5 5 2 . 2 49 . 1 252 50 . 5 46 . 2 4 3 . 1 40 . 2 37 . 5 254 3 9 . 8 36 . 0 33 . 3 30 . 7 2 8 . 3 256 3 1 . 2 27 . 9 2 5 . 5 23 . 3 2 1 . 3 258 2 4 . 3 21 . 4 19 . 4 17. 5 15. 9 260 18 . 8 16. 4 14 . 7 13. 1 11. 7 262 14 . 5 12. 4 11. 0 9 . 73 8 . 61 264 11 . 1 9 . 39 8 . 21 7 . 18 6 . 28 266 8 . 46 7 . 05 6 . 09 5 . 26 4 . 54 268 6 . 42 5 . 26 4 . 49 3 . 83 3 . 26 270 4 . 84 3 . 90 3 . 29 2 . 77 n . 33 272 3 . 63 2 . 88 2 . 39 1. 99 1. 65 274 2 . 71 2 . 11 1. 73 1. 42 1. 16 276 2 . 01 1. 54 1. 24 1. 00 0 . 810 278 1. 48 1. 11 0 . 887 0 . 706 0 . 562 280 1. 09 0 . 803 0 . 629 0 . 493 0 . 386 282 0 . 796 0 . 576 0 . 444 0 . 342 0 . 264 284 0 . 579 0 . 410 0 . 311 0 . 236 0 . 179 286 0 . 419 0 . 290 0 . 216 0 . 161 0 . 120 288 0 . 301 0 . 204 0 . 149 0 . 109 0 . 0802 290 0 . 215 0 . 143 0 . 103 0 . 0737 0 . 0530 292 0 . 153 0 . 0990 0 . 0698 0 . 4927 0 . 0348 294 0 . 108 0 . 0683 0 . 0472 0 . 0327 0 . 0226 296 0 . 0761 0 . 0468 0 . 0317 0 . 0215 0 . 0146 298 0, 0532 0 . 0318 0 . 0211 0 . 0140 0 . 00929 300 0 . 0369 0 . 0215 0 . 0139 0 . 00905 1 0 . 00587 302 0 . 0255 0 . 0144 0 . 00914 0 . 00579 I 0 . 00367 
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TABLE 7 . 

A(nm) 
170 
172 
174 
176 
178 
180 
182 
184 
186 
188 
190 
192 
194 
196 
198 
200 
202 
2 0 4 
2 0 6 
2 0 8 
2 1 0 
212 
2 1 4 
216 
2 1 8 
2 2 0 222 
2 2 4 
226 
2 2 8 
230 
232 
234 
236 
2 3 8 
2 4 0 
242 
2 4 4 
246 
2 4 8 
2 5 0 
2 5 2 
254 
256 
2 5 8 
2 6 0 
262 
264 
266 
2 6 8 
2 7 0 
272 
274 
276 
278 
280 

ABSORPTION CROSS-SECTIONS [ a (X) * 1 0 2 1 (cm2 m o l e c . " 1 ) ] Ufi C 2 F 4 B r 2 

295K 
5 0 9 
5 6 4 
6 2 3 
6 8 5 
7 5 1 
8 1 8 
8 8 6 
9 5 3 

1018 
1080 
1 1 3 5 
1184 
1 2 2 3 
1252 
1269 
1 2 7 3 
1264 
1 2 4 1 
1 2 0 5 
1157 
1099 
1 0 3 1 

957 
8 7 7 
7 9 5 
7 1 2 
6 3 0 
5 5 1 
477 
4 0 8 
3 4 5 288 
2 3 9 
195 
158 
127 
1 0 1 

7 9 . 5 
6 2 . 1 
48 
37 28 21 16 12 

9 
6 
4 
3 2 
2 
1 
1 

1 
0 2 
4 
1 
1 
04 
72 
99 
69 
7 3 
01 
49 
10 

0 . 8 1 6 
0 . 6 0 7 
0 . 4 5 4 

270K 
5 3 9 
5 9 4 
6 5 3 
7 1 5 
7 7 9 
8 4 4 
9 0 9 
9 7 3 

1035 
1092 
1 1 4 3 
1 1 8 6 
1221 
1 2 4 5 
1257 
1 2 5 7 
1244 
1 2 1 8 
1180 
1 1 3 1 
1072 
1004 

9 3 1 
8 5 2 
7 7 2 
6 9 0 
6 1 1 
5 3 4 
4 6 1 
3 9 4 
3 3 2 
2 7 8 
2 2 9 
187 
1 5 1 
121 

9 5 . 5 
7 4 . 8 
5 8 . 0 
4 4 . 5 
3 3 . 9 
2 5 . 6 
1 9 . 2 
1 4 . 2 
1 0 . 5 

. 7 0 

. 6 1 

. 0 6 

. 9 3 10 

. 5 0 
, 0 7 

0 . 7 6 3 
0 . 5 4 2 
0 . 3 8 5 
0 . 2 7 3 

250K 
5 6 4 620 
6 7 8 
7 4 0 802 
8 6 6 
9 2 9 
9 9 0 

1048 1102 
1 1 4 9 1188 
1 2 1 9 
1238 
1247 
1244 
1228 1200 1160 1110 
1 0 5 1 

9 8 3 
9 1 0 
8 3 3 
7 5 3 
6 7 3 
5 9 5 
5 2 0 
4 4 9 
3 8 3 
3 2 3 
2 6 9 222 181 
146 
116 

9 1 . 3 
7 1 . 2 
5 4 . 9 
4 1 . 9 
3 1 . 6 
2 3 . 7 
1 7 . 6 
1 2 . 9 

9 . 3 8 
6 . 7 7 
4 . 8 5 
3 . 4 5 
2 . 4 3 
1 . 7 1 
1 . 1 9 
0 . 8 2 5 
0 . 5 6 9 
0 . 3 9 0 
0 . 2 6 7 0 . 1 8 2 

230K 
5 9 0 
6 4 6 
7 0 5 
7 6 5 
8 2 6 
888 
9 4 9 

1007 
1 0 6 2 
1112 
1 1 5 5 
1190 
1217 
1 2 3 3 
1237 
1 2 3 1 1212 1182 
1 1 4 1 
1090 
1030 

9 6 3 
8 9 0 
8 1 4 
7 3 5 
6 5 7 
5 8 0 
5 0 6 
437 
3 7 2 
3 1 4 
2 6 1 
2 1 5 
175 
140 
111 

8 7 . 
6 7 . 8 
5 2 . 0 
3 9 . 4 
2 9 . 5 
2 1 . 9 1 6 . 1 
1 1 . 7 

8 . 3 8 
. 9 6 
. 2 0 
. 9 3 
.02 
. 3 9 
. 9 4 2 

0 . 6 3 4 
0 . 4 2 4 
0 . 2 8 1 
0 . 1 8 5 
0 . 121 

210K 

6 1 8 
6 7 4 
732 
7 9 1 
8 5 1 
9 1 1 
9 6 9 

1024 
1076 1122 
1 1 6 1 
1192 
1214 
1227 
1228 
1218 
1197 
1165 
1122 
1070 1010 

9 4 3 
8 7 1 
7 9 5 
7 1 8 
6 4 1 
566 
4 9 3 
4 2 5 
3 6 2 
3 0 5 
2 5 3 
208 
169 
135 
107 

8 3 . 
6 4 . 
4 9 . 
3 7 . 
2 7 . 
2 0 . 
1 4 . 
1 0 . 

7 . 
5 . 
3 . 
2 
1 . 
1 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 

6 
5 
2 
1 
6 
3 
7 
6 
49 
24 
6 3 
49 
68 
13 
7 4 5 
4 8 8 
316 
2 0 3 
129 
0 8 0 9 
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TABLE 8 . 

s f c ° r ^ r c c r s - s E c T i o N s c a a ) x i o 2 1 ( c m 2 ^ i ^ - - 1 ) ] 
3 

295K 270K 250K 230K 210K 

170 7 0 2 6 7 0 1 4 7 0 0 5 6 9 9 6 6 9 8 7 
172 6 1 4 6 6 0 5 8 5 9 8 8 5 9 1 9 5 8 5 1 
174 4 9 6 8 4 8 4 9 4 7 5 6 4 6 6 5 4 5 7 5 
176 3 7 9 8 3 6 8 2 3 5 9 2 3 5 0 4 3 4 1 8 
178 2 8 1 1 2 7 1 5 2 6 4 0 2 5 6 7 2 4 9 6 
180 2 0 6 1 1 9 8 8 1 9 3 2 1 8 7 7 1 8 2 3 
182 1 5 3 3 1 4 8 1 1 4 4 1 1 4 0 1 1 3 6 3 
184 1 1 8 4 1 1 4 8 1 1 2 0 1 0 9 3 1067 
186 9 7 1 9 4 8 9 2 9 9 1 2 8 9 4 
188 8 6 6 8 5 3 8 4 2 8 3 2 8 2 2 
190 9 0 6 9 0 5 9 0 3 9 0 2 9 0 1 
192 9 8 5 ' 9 8 8 9 9 1 9 9 4 9 9 7 
194 1 0 5 2 1 0 6 1 1 0 6 9 1 0 7 6 1 0 8 4 
196 1 1 0 5 1120 1 1 3 2 1 1 4 5 1157 
198 1 1 4 3 1 1 6 3 1 1 8 0 1197 1 2 1 4 
2 0 0 1 1 6 4 1190 1 2 1 0 1 2 3 2 1 2 5 3 
2 0 2 1 1 6 9 1 1 9 9 1 2 2 3 1247 1 2 7 2 
2 0 4 1 1 5 8 1190 1 2 1 7 1 2 4 4 1272 
2 0 6 1 1 3 2 1166 1 1 9 4 1 2 2 3 1 2 5 3 
2 0 8 1 0 9 2 1127 1 1 5 6 1 1 8 6 1 2 1 6 
2 1 0 1 0 4 1 1 0 7 6 1 1 0 4 1 1 3 4 1 1 6 4 
2 1 2 9 8 1 1014 1 0 4 2 1 0 7 0 1 0 9 9 
2 1 4 9 1 3 9 4 5 9 7 1 9 9 8 1 0 2 5 
2 1 6 8 4 2 8 7 1 8 9 4 9 1 9 9 4 4 
2 1 8 7 6 8 7 9 4 8 1 5 8 3 7 8 5 9 
2 2 0 6 9 4 7 1 6 7 3 4 7 5 3 7 7 3 
2 2 2 6 2 1 6 4 0 6 5 5 6 7 1 6 8 7 
2 2 4 5 5 1 5 6 6 5 7 9 5 9 2 6 0 5 
2 2 6 4 8 4 4 9 6 5 0 6 5 1 6 5 2 7 
2 2 8 4 2 2 4 3 1 4 3 9 4 4 7 4 5 4 
2 3 0 3 6 5 3 7 2 3 7 7 3 8 3 3 8 8 
2 3 2 3 1 3 3 1 8 3 2 1 3 2 5 3 2 9 
2 3 4 2 6 7 2 6 9 2 7 2 2 7 4 2 7 6 
2 3 6 2 2 6 2 2 7 2 2 8 2 2 9 2 3 0 
2 3 8 190 190 190 190 190 
2 4 0 159 158 157 156 155 
2 4 2 132 130 1 2 9 128 126 
2 4 4 109 107 105 103 102 
2 4 6 8 9 . , 2 8 6 , 9 8 5 , . 1 8 3 . , 4 8 1 , ,7 
2 4 8 7 2 . ,7 7 0 . , 4 6 8 . , 5 6 6 , , 8 6 5 , , 0 
2 5 0 5 8 . 9 5 6 . 6 5 4 . , 8 5 3 . , 1 5 1 , 4 
2 5 2 4 7 . 5 4 5 . 3 4 3 . 6 4 2 . 0 4 0 . 4 
2 5 4 3 8 . 1 3 6 . 1 3 4 . 5 3 3 . 0 3 1 . 6 
2 5 6 3 0 . 4 2 8 . 6 2 7 . 2 2 5 . 8 2 4 . 5 
2 5 8 2 4 . 2 2 2 . 5 2 1 . 2 2 0 . 1 1 8 . 9 
2 6 0 1 9 . 1 1 7 . 6 1 6 . 5 1 5 . 5 1 4 . 6 
2 6 2 1 5 . 0 1 3 . 7 1 2 . 8 1 1 . 9 1 1 . 1 
2 6 4 1 1 . 7 1 0 . 6 9 . 85 9 . 12 8 . 45 
2 6 6 9 . 11 8 . 2 1 7 . 55 6 . 9 4 6 . 38 
2 6 8 7 . 05 6 . 3 0 5 . 75 5 . 26 4 . 80 
2 7 0 5 . 42 4 . 81 4 . 36 3 . 96 3 . 59 
2 7 2 4 . 16 3 . 6 5 3 . 29 2 . 97 2 . 68 
2 7 4 3 . 17 2 . 76 2 . 47 2 . 21 1 . 98 
2 7 6 2 . 40 2 . 07 1 . 85 1 . 6 4 1 . 46 
2 7 8 1 . 8 0 1 . 5 5 1 . 37 1 . 2.1 1 . 07 
2 8 0 1 . 35 1 . 15 1 . 01 0 . 8 9 2 0 . 7 8 5 
2 8 2 1 . 01 0 . 8 5 2 0 . 7 4 6 0 . 6 5 2 0 . 5 7 1 
2 8 4 0 . 7 4 5 0 . 6 2 7 0 . 5 4 5 0 . 4 7 5 0 . 4 1 3 
2 8 6 0 . 5 4 8 0 . 4 5 8 0 . 3 9 7 0 . 3 4 4 0 . 2 9 8 
2 8 8 0 . 4 0 1 0 . 3 3 3 0 . 2 8 7 0 . 2 4 7 0 . 2 1 3 
2 9 0 0 . 2 9 1 0 . 2 4 0 0 . 2 0 6 0 . 177 0 . 152 
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