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C W CO 2 laser (the 1'(3 4) line. Ii · 5 W o ut pu t ) indu ~e Li a nd SI"(, (2'4 kPa j - sensi ti zed deco mpositi o n 
o f n-heptane (7'2 kPa) gives mai nl y ethy lene . Propenc. butenc, ethane and metha ne arc produced 
as we ll togethe r with min or a mo unt s of vin y la cc tylene. 1.3-bu tad ienc. a ll ene. n-bu ta ne. 1.4-penta­
diene, pentene, a nd cy c\ opentad ienc. 

The product distribution co rrespo nd s to tha t Obta ined in conventiona I the rmo lysis of n-hep tanc 
performed at tempera tu res hi ghe r than I OOO"c. Thc inferences On the size and shape of the ho t 
reaction zone are drawn on thc ba sis o f the measu remcnt of tClll flc raturc profi lcs in reacti o n cc ll. 

The recentl y in vented tech nique of CO 2 laser pho toscnsitized dccomposition 1 - 3 has quick ly 
proved to be a tool for inducin g therma l o rganic reacti ons with so mc fca tures4

-
11

. una ttainable 

by ordinary heat so urce. Diffcrent course o f the CO 2 la se r photose nsiti zed reactions is currently 
assumed to be due mainly to the absencc of hcterogencou s reac ti on ste ps that ca nn o t be obv ia ted 
in conventional hot wall reactors. Depending on the CO 2 lase r powcr the reac ti o ns may invo lve 
collisions of molec ules to be deco mposed with differcntly vibrat iona ll y excited sensitizer mo le­

cules a nd / or sensitizer molec ules with a large excess of trans la tiona l ene rgy. Although the lase r 
healing is spa tially and tempora ll y nonhomogeneo us, the chcmica ll y react ing sy~t ems irrad iatcd 
with modesl CO

2 
lasers and usin g a semitizcr with ra pid vibra ti on -tra nslat io n relaxa ti o n timc 

are co nsidered 9 to become homogeneous within a period o f abou t 104 limes sho rte r tha n reactio n 
times due to ra pid mixing o f react ing laye rs that is brought a bout by stro ng convect ion currents. 

1n thi s n o te we try to contribute to the knowledge of the cw CO 2 laser-sen sitized 

reactions by studying the tempera ture profiles and the pro duct distribution in ell' CO 2 

laser-induced and SFu-sentitized decompos ition o f n-heptane. The study o f the 

reaction itself was a pproached in the belie f tha t it can offe r some advantages over 

the conventional n-heptane pyrolysis so o ften stud ied for indu strial purposes. 

EXPERIMENTAL 

A CIV CO
2 

laser operated a t the 1'(3 4) line of the OOQI --;. \OoO tran siti on with 1i·5 W powe r wa s 
used for the irradiation of gaseo us mixture of SF6 sensiti ze r (2'4 kPa) and n-heptane (7'2 kPa). 
The experiments were carried Out with a cylindrical gla ss tube o f 10 cm path length a nd 3'(' C111 
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inner diameter fitted with NaCI windows and one P.T. F. E. stopcock. The laser beam was focussed 
wi th a Ge lens (I". I. 25 em) into the middle of the ce ll that wa s in vertical position. the laser 
beam entering its boltom. The samples for laser irradiation experiments were prepared by a stan­
dard vacuum- line technique . The reaction pro gress wi th the ga seous SF6 - n-hepta ne mixture 
irradiated a t mea sured intervals wa s monitored by infrared spectrometer Perkin- Elme r n:! I. 
The products were analyzed On a Chro m 3 gas chromatograph provided wit h a flame io nizat ion 
detector, the separation of hydrocarbons being carried out on two dilferent packed col umn s. 
name ly 25 % squa lanc on Chromosorb, and water-deactivated a lumi na . wh ich was reported 
previously l 2 For the identilication of the decomposition prod ucts both the comparison of their 
retention times wi th those of standard compoun ds and the ga s chromatography -mass spec tro­
metry method wa s used. 

The GC/ MS sy.stcm consisted of the rYE Unicam 104 gas chromatograph equ ipped wilh a pac­
ked column (3 m x 3 mm id ... 25 % squa lane On Chromosorb) connected with the AE I MS 902 
double focu ssin g mass spectrometer (Associa ted Electric 1ndustries. Manchester ) by mean s 
of a stee l capi llary (70 em ) X 0' 3 mm i.d. ) and the Watson- Biemann separator. The bcst gas­
-chromatographic scparation was achieved by the temperature programmed fr om 30 to 80

c
"C. 

The electron impact induced ma ss spectra were taken by the e lectron energy of 70 eV and the 
reso lvin g power of I 000. The in terpretation of the acqu ired mass spectra was aided by the 
standard mass spectra l3 . The quantitative an a lysis was done by pea k area measure ment (the 
prec ision of such a treatment corresponds t 

4 to a standard deviation of about 3%). 

Temperature mcasurements of the gaseous SF6 - n-heptane mixture exposcd to the (IV CO 2 

la ser radiation was performed for d ifferen t points inside the vertica ll y positioned cell equipped 
with six thermocoup les (jacket diameter 0·15 mm, Walzwerk Hettstadt) placed 0, n. 12.38.63 
and 88 mm (x) above the en trance bottom window. The distance of the thermocouples from the 
laser beam (r) passing thro ugh the cell and matching its axis varied from a to 18 mm. For the 
exact determination of the ("IV CO 2 laser beam path through the cell the identical path of the 
(" IV CO 2 laser beam with that of a He-Ne laser (!-INA 50, Carl Zeiss. Jena) was·6cttled . 

The vo ltage On the individ ua I thermocouples was recorded at the speed of 10 chan nels per s 
by means of the d igital center Dynamco Synstems (Chertsey) with a n accuracy 0'05 mV. The 
resu lts were fed into punched paper tape and eva luated by the EC 1033 co mputer. 

Su lfur hexafluoride (Montedison Milano. I.E.C. Sta nd ard) was the commercial product. the 
puri ty of n-heptane donated from Chemicke zavody. Litvinov was checked by ga s chro mato­
graphy and found to be better than 99·5%. 

RESULTS AND DISCUSSION 

Mainly practical reasons have been unceasingly keeping the research on the thermal 
decomposition of n-heptane active for many years, since a knowledge of the distribu­
tion of the products afforded by the pyrolysis of this compound (and other un­
branched alkanes) is indispensible to the design of pyrolytic facilities. The com­
position of the primary products of thermal decomposition of higher hydrocarbons 
was predicted as early as in 1943 by Kossiakoff and Rice 1 5 who added the assumption 
of radical isomerizations to the Rice and Herzfeld theory 16 of free radical reactions. 
Since that time other prediction of the initial product distribution was issued taking 
into account equilibria among all the possible isomers of higher hydrocarbon radi­
cals17

, and the product distribution at higher conversions was suggested to be 
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affected by reactions between higher o lefin ic hydroca rbons and chain propagating 

radicals, mainly hydrogen a tom s] ~ . 

The pyrolysis of n-heptane taking place at temperatures 550 _ 750°C affords 14.18. t <) 

the following major product distribution: metha ne (15 - 18%), et hylene (30% ), 

ethane (J3-16Yt,), propene (15%), butene (IO-12~ :,) and pentene (7Yt,). The product 

di stribution little a lters l 5 depending upon the temperature , quality of the inner 

surface of reacto r and re<idel:ce time. 

Our ell' CO 2 lase r-photosensiti zed experiments alford a high yie ld of ethy lene, 

together with some quantities of propene , me tha ne , ethane, and butene . Minor 

amounts of vinylacetylene. 1 ,3-butadiene, a llene, n-butane , IA-pentadiene, pentane , 

cycJopentadiene, and traces of acetylene were detected , too. The amounts of major 

p rod ucts gathered in Table I are qulle di ss imilar to those obtained with the static l 8 

or the ftow 15
•
19 pyrolysis experiments performed in the temperature range 590 to 

760°C. The high yield of ethylene o btained \vith the photosensitized decomposition 

resembles that for n-heptane flow pyrolysis20 in nitrogen diluent at the temperatures 

as high as ] 100°C. However, the prod uct distribution of thi s high temperature 

flow pyrolY5is is str0l1 gly dependent on the n-heptane conversion and yields pro pene 

and acetylene in compara ble quantities. None of these two features is observed 

with CO 2 lase r photosens itized decompo sition of n-heptane which gives only traces 

of acetylene and ~ hows 110 a lt eration o f the product distribution with the degree 

of n-hexane conversion (Table I) . 
The specific features of the CO 2 la ser sensiti zed decomposition have to be discu ssed 

in connection with the temperature profiles determined for the SF 6- n-heptane mi x­

ture (Fig. 1) after the irradiation no t exceeding 3 s. During thi s pe riod the decom­

position progresses lip to a few percent conver~ion and tempera ture seems to grow 

to a constant values (Fig . 2).The meas urement o f the absorption of the laser beam 

TABLE I 

Major product distribution at different convers ions 

n-Heptane mol / mol of n-heptane deco mposed 
conversiona -- - ---.--~----.---,,-.---~-.----~- -~~- ---,,---.---

% 

10 0·70 0·13 2·3 0·38 0·08 

37 0·65 0,(0 204 0040 0·11 

65 070 0·08 2·6 0041 0'10 

89 0·70 0·13 26 0·35 0·09 

----~----... -----~--

a The irradiation time needed for the decomposition to achieve 100% conversion reaches 100 s. 
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by the SF 6-n-heptane mixture in a cylindrical cell of 1 A cm length and 3·6 cm dia­
metcr revealed that almost 30 percen t of radiation is transmItted through the sa mple. 
These conditions do not exactly relate to the conditions in the cell wherein the n-hexa­
ne decomposition was studied , there may be nevertheless poss ible that T(r = 0, x = 

= 12) para meter is affected not OIlly by translationally hot molecules but also 
by direct radiation. This is obviou sly not the casc for other measured points inside 
the cell. 

The highest temperature Twas found for the points (r, x, mm) 2200 e (0,12), 1300 e 
(4,0) and l S00e (4.6). Taking into account the temperature profiles illustrated in Fig. 1, 
one is tempted to conclude that the n-heptane decomposition, that deman ds tempera­
t ures by a few hundreds degrees higher, mu st occur in a probably cylindrically shaped 
volume with it s axis identical with that of the cell and positioned between the entrance 
window and the fir st layer of thermocouples (x = 12). The diameter of this reaction 
volume has to be smaller than 8 mm an d its length less than 12 mm. Keeping in mind 

o 
t 

FIG. I 

200 
·C 
100 

I. b. 

The temperatures of the SF6 (2'4 kPa) -
- n-heptanc (7'2 kPa) mixture irradiated 
with the ell' CO2 focussed laser beam (the 
P(34) line, 6·5 W OlItput) as a function of the 
radius (r) and the length (x) (both in mm) of 
the vertically positioned cylindrical cell after 
3 s irradiation 

150 

FIG. 2 

Dependence of the temperature T inside 
the irradiated SF6-n-heptane mixture on the 
irradiation time I. The conditions are identi­
cal as in Fig. I, the upper curve and lower 
relates to the points (r, x) (4,0) and (4,6), res­
pectively 
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that the laser beam is partly tran smitted aftcr the passage through the volume of 1-4 
cm path length , the SF6 molecules inside the reaction vo lume can be assumcd to pos­
sess some content of vibrational energy tha t can bc utili zed in their collisions with 
n-heptane molecules for the J1-hcptane decomposition to occur. 
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