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1072 cm? molecule,

used to measure k((\Cl+
B
N

Smog chamber/FTIR techniques were used to measure a 92 + 7% yield of CgF;7CH,CHO in the chlorine
atom initiated oxidation of CgF;7CH,CH,OH (8:2 FTOH) in 700 Torr of air. Relative rate techniques were
CgF17CH,CHO) = (1.9+0.4) x 10, and k(OH + CgF17CH,CHO) = (2.0  0.4) x
in 700 Torr of N or air diluent at 296 K. The results are discussed with respect

to the atmospheric chemistry of fluorotelomer alcohols.

© 2008 Published by Elsevier B.V.

1. Introduction

Fluorinated alcohols are used in a variety of industrial applica-
tions (e.g. paints, coatings, polymers, adhesives, waxes, polishes,
electronic materials, caulks). CgF;7CH,CH,OH (8:2FTOH) is the
principal material used in the manufacture of fluorotelomer
based-products. In light of the widespread use of fluorinated alco-
hols, detailed information on their environmental impact is
needed. There is a concern, for example, that atmospheric oxida-
tion processes convert fluorinated alcohols to perfluorinated car-
boxylic acids (PFCAs) of the form CHF;\HHC(O)OH. PFCAs are
persistent in the environment, resisting degradation via oxidation,
hydrolysis, or reduction under biotic and abiotic conditions [1].
Analysis of rainwater indicates the widespread distribution of
short-chain PFCAs ;\n =/2\—7) at low levels kvl»lOO ng/L) [2].
Long-chain PFCAs are bioaccumulative [3] and have been observed
in fish from the Great Lakes [4] and in Arctic fish and mammals [5].

Fluorotelomer alcohols (FTOHs) are a class of fluorinated alco-
hols that have been suggested as plausible sources of PFCAs in re-
mote locations [6,7]. FTOHs are linear fluorinated alcohols with the
formula CnF;\nHCHzCHzOH ;\n =2,4,6,...). Fluorotelomer alcohols
are volatile, have been detected in the air over North America, Arc-
tic, Europe, and Japan [8-10], have an atmospheric lifetime
(approximately/]\O—ZO days) sufficient for widespread hemispheric
distribution [6,11] and undergo atmospheric oxidation in the ab-
sence of NO, to give perfluorocarboxylic /a\cids [7,12].

Most studies of fluorinated alcohols have concentrated on smal-
ler members of the class (e.g., CFsCH,CH,OH) because they are easy
to handle and appropriate reference standards (e.g., CFsCH,CHO
and CF;CHO) are commercially available. It has been assumed that

* Corresponding authors.
E-mail addresses: gaac@fisquim.fcq.unc.edu.ar (G.A. Argiello), twalling@ford.
com (T.J. Wallington).

0009-2614/$ - see front matter © 2008 Published by Elsevier B.V.
doi:10.1016/j.cplett.2008.06.088

the chemistry of the larger, more commercially relevant alcohols
(e.g., CgF17CH,CH,0H) is the same as the smaller members of the
series. To test this assumption we studied the yield of
CgF17CH,CHO from CgF;7CH,CH,OH oxidation and the Kkinetics
and mechanisms of reactions of CgF;7CH,CHO with Cl atoms and
OH radicals. The results are reported here indicate that the atmo-
spheric chemistry of the larger members of the CnFyp+1CHCH,OH
and CnF;\,mCHzCHO series are indistinguishable from that of the
smaller members.

2. Experimental

Experiments were performed in a 140-liter Pyrex reactor inter-
faced to a Mattson Sirius 100 FTIR spectrometer [13]. The reactor
was surrounded by 22 fluorescent black lamps (GE F15T8-BL)
which were used to photochemically initiate the experiments.
Chlorine atoms were produced by photolysis of molecular chlorine.

Cl, +hv — Cl+Cl 1M
OH radicals were produced by the photolysis of CH30NO in air:

CH30NO + hy — CH50 + NO 2)

3)
(4)

Relative rate techniques were used to measure the rate constant
of interest relative to a reference reaction whose rate constant has
been established previously. The relative rate method is a well
established technique for measuring the reactivity of Cl atoms
and OH radicals with organic compounds [14]. Kinetic data were
derived by monitoring the loss of a reactant compound relative
to one or more reference compounds. The decays of the reactant
and reference are then plotted using the expression:

CH30 + O, — HO, + HCHO

HO, + NO — OH + NO,

Please cite this article in press as: M.S. Chiappero et al., Chem. Phys. Lett. (2008), doi:10.1016/j.cplett.2008.06.088
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([reactant]m> _ Kreactant Ln<[reference]m> (I

[reactant], Kreference [reference],

where [reactant]y,, [reactant], [reference],, and [reference], are the
concentrations of reactant and reference at times ;{o’ and ,{’, kreactant
and Kieference are the rate constants for reactions of Cl atoms or OH
radicals with the reactant and reference. Plots of Ln([reactant]./
[reactant];) versus Ln([reference];/[reference];) should be linear,
pass through the origin, and have a slope of Kieactant/Kreference-

CgF17CH,CHO and CgF,7,CH,CH,OH were monitored by FTIR
spectroscopy using an infrared path length of 27 m, a resolution
of 0.25 cm/\l, and 32 co-added interferograms. All experiments
were performed at 700 Torr and 296 2 K. CgF{;CH,CHO and
CgF17CH,CH,0H were introduced into the chamber by flowing
the diluent gas slowly over solid samples of these compounds
and into the chamber. Liquid reagents were introduced into the
chamber by transferring their vapor above the liquid into a cali-
brated volume. Gaseous reagents were also introduced into the cal-
ibrated volume. The contents of the calibrated volume were swept
into the chamber with diluent gas (air or nitrogen). With the
exception of CgF;7CH,CHO, all reagents were obtained from com-
mercial sources (with purities > 99%). CgF;7CH,CHO was obtained
from R&M-Invest with a stated purity of 297%. All reagents were
subjected to repeated freeze/pump/thaw cycling before use. Ul-
tra-high-purity synthetic air and nitrogen from Michigan Airgas
were used as diluent gases.

Initial reagent concentrations for Cl atom relative rate experi-
ments were/Q.7—13.8 mTorr of C8F17CH2CHO,§—5 mTorr of the ref-
erence compound (C,HsCl or CH30H), and/lOOfl 10 mTorr of Cl; in
700 Torr of N, as diluent. Initial reagent concentrations for OH rad-
ical relative rate experiments were 6.2 mTorr of CgF;7CH,CHO,
2.3 mTorr of C;Hy, and 100 mTorr of CH30NO in 700 Torr of air
as diluent. Reactant and reference compounds were monitored
using absorption features over the following wavenumber ranges
(cm/:l): CgF17CH2CH,0H, 700-1200; CgF;7CHCHO, 1000-1800;
CoHa, 900-1000, CoHsCl, 920-1320, and CH30H, 1000-1100.

In smog chamber experiments it is important to check for un-
wanted loss of reactants and products via photolysis, dark chemis-
try and heterogeneous reactions. Control experiments were
performed in which mixtures of reactants (except Cl,) were sub-
jected to UV irradiation for 5/r\nin and product mixtures obtained
after the UV irradiation of reactant mixtures were allowed to stand
in the dark in the chamber for 5 /r\nin. With one notable exception
(CgF17CH,CHO) there was no observable loss of reactants or prod-
ucts, suggesting that photolysis, dark chemistry and heterogeneous
reactions are not a significant complication in the present work.
Interestingly, irradiation of a mixture of 5.61 mTorr of
CgF17CH,CHO in 700 Torr N, diluent for 5/11”lir1 led to a small, but
discernable, loss (approximately 1%) of CgF;7CH,CHO.

Further irradiation of the mixture over a period of 70 min led to
further CgF;7CH,CHO loss (14% loss after 70 min). The rate of
CgF17CH,CHO photolysis in the chamber is suf/ﬁ\ciently slow that
it will not be a complication in the experiments reported here
where the total irradiation times were <5 /r\nin. However, it appears
that photolysis might be an important atmospheric loss mecha-
nism for this compound. Further work is needed to clarify the role
of photolysis but is beyond the scope of the present work. Unless
stated otherwise, quoted uncertainties are two standard deviations
from least squares regressions.

3. Results
3.1. Relative/l;ate study of k(Cl + CgF;7,CH,CHO)

The kinetics of reaction XS) were measured relative to reactions
(6) and /(\7):

Cl + CgF;7CH,CHO — products (5)
Cl + C,HsCl — products (6)
Cl + CH30H — products (7)

Fig. 1 shows the loss of CgF;7CH,CHO versus the reference com-
pounds following the UV irradiation of CgF,7CH,CHO/reference/Cl,
mixtures in 700 Torr N, diluent. The lines through the data in Fig. 1
are linear least squares fits which give ks/kg=2.2+0.2 and ks/
k7=037£0.04. Using ks=8.0x 10> cm’ molecule' s [15]
and k;=5.5 x 10" cm® molecule,'s.' [16] we derive ks=

N\
(1.8+02)x 10" and (2.0£0.2) x 10" cm® molecule s !

AN

Ln ([C4F ;;CH,CHO], /[C4F,;CH,CHO])

0.0 1 1 1 1
0.0 0.5 1.0 1.5 2.0 25

Ln(Reference], /[Referencelt)

Fig. 1. Loss of CgF;7CH,CHO versus CoHsCl (triangles) and CH5OH (circles) following
exposure to Cl atoms in 700 Torr of N, diluent at 296 K.

0.4

02

0.1 F

Ln ([C4F,,CH,CHO], /[C4F,,CH,CHO],)

0-0 1 1 1
0.0 0.5 1.0 1.5 2.0

Ln([C,H,1io/[CoH,1)

Fig. 2. Loss of CgF;7CH,CHO versus C,H, following exposure to OH radicals in
700 Torr of air diluent at 296 K.
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respectively. Results obtained using the two different reference
compounds were, within the experimental uncertainties, indistin-
guishable. We cite a final value for ks which is the average of the
two determinations together with error limits which encompass
the extremes of the individual determinations, ks=(1.9+0.2) x
10" cm® molecule ' s

Kelly et al. [11] measured the reactivity of Cl towards
CF3CH,CHO relative to HC(O)OC,Hs. Using a value of k(Cl+
HC(0)OC,Hs)=1.0 x 10" [17,18] gives Kk(Cl + CF3CH,CHO) =
(1.92 £0.03) x 10" cm® molecule' s '. Hurley et al. [12,19] have
reported k(Cl + CF3CH,CHO) = (1.8 +0.3) x 10'" and k(Cl + C4Fo-
CH,CHO)=(1.8 +0.3) x 10" cm® molecule ' s '. The reactivities
of CF3CH,CHO, C4F9CH,CHO, and CgF;7CH,CHO towards Cl atoms
are indistinguishable within the experimental uncertainties. The
observation that there is no discernable effect on the size of the
CuFEzn+1- group on the reactivity of the C;Fz,4+1CH,CHO molecule to-
wards Cl atoms is consistent with the expectation that the majority
of the reaction occurs via abstraction of the aldehydic hydrogen
atom. Changes in the length of the C,Fz,.+;~ group are not expected
to influence the reactivity at the aldehydic site.

3.2. Relative pate study of the peaction of OH padicals with
CgF;,CH,CHO

The rate of reaction (8) was measured relative to reaction (9):

OH + CgF17CH,CHO — products (8)

OH + C;H4 — products 9)

Fig. 2 shows the loss of CgF{7CH,CHO versus the loss of C;H,4 fol-
lowing the UV irradiation of a mixture of 6.2 mTorr CgF7CH,CHO,
2.4 mTorr C;Hy4, and 100 mTorr CH3ONO mixtures in 700 Torr air
diluent. The line through the data is a linear least squares fit which
gives kg/ko = 0.23 £ 0.04 and using ko = 8.66 x 10,'* [20] we derive
ks =(2.0 +0.4) x 10> cm® molecule ' s ". Sellevig et al. [21],
Kelly et al. [11], and Hurley et al. [19] have reported k(OH +
CF3CH,CHO)=(3.6£0.3) x 10>,  (2.96£0.04) x 10,'%,  and
(2.6+0.4) x 10, '* cm® molecule, ' s ', respectively. Hurley et al.
[19] measured a rate constant ratio k(OH +CF3CH,CHO)/
ko =0.336+0.045 which can be compared to the ratio ks/
ko = 0.23 £ 0.04 measured here. With respect to reaction with OH

0.25

0.20

0.15

0.05

0.00

(A) before irradiation

0.25

0.20

0.15

0.10

0.05

0.00

(B) 15 sec irradiation

Absorbance

0.12

0.08

0.04

0.00

(C) Product

0.0 L I

(D) C,F,,CH,CHO

700 900 1100

1300 1500 1700 1900

Wavenumber (cm™)

Fig. 3. IR spectra obtained before (A) and after (B) a 15 s irradiation of 11.9 mTorr CgF;,CH,CH,0H and 100 mTorr Cl, in 700 Torr air. Panel (C) shows the IR product spectrum.

Panel (D) is a reference spectrum of CgF;7CH,CHO.
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radicals, the reactivity of CgF;7CH,CHO is similar to, but slightly
less than, that of CF3CH,CHO.

3.3. Formation of CgF;,CH,CHO in the Cl atom initiated oxidation of
CgF;7CH>,CH,0H

Fig. 3 shows IR spectra recorded before (A) and after (B) a 15,5
irradiation of a mixture of 11.9 mTorr CgF;7CH,CH,OH and
100 mTorr Cl, in 700 Torr of air. Panel C is the product spectrum
obtained by subtracting features attributable to CgF;7CH,CH,OH
from panel B. The consumption of CgF;7CH,CH,OH was 18%. Panel
D is a reference spectrum of the aldehyde CgF;7,CH,CHO. It is clear
from comparison of panels C and D that CgF;7CH,CHO is a major
product in the system. The vapor pressure of CgF;7CH,CHO is suf-
ficiently low that it cannot be measured accurately with the equip-
ment available to us. The reference spectrum of CgF;7CH,CHO was
obtained by flowing diluent gas over the solid CgF;7CH,CHO and
into the chamber. Calibration of the CgF,7CH,CHO reference spec-
trum was achieved by subjecting a CgF;7;CH,CHO/CI;/N, mixture
to UV irradiation and equating the observed formation of HCI with
the CgF17CH,CHO loss. The jnset in Fig. 4 shows the CgF;7CH,CHO
calibration plot.

Fig. 4 shows a plot of the observed CgF;7,CH,CHO formation ver-
sus the CgF;7CH,CH,OH loss. Assuming that CgF{;CH,CHO is
formed following reaction (10) and is lost solely via reaction (5),
then its concentration profile can be described by expression (II)
[22]:

[CsF17CHCHO]  ar(1 — x){(1 — x)"s/k01 _ 1}
[CanCHzCHzOH]O o {] — (ks/km)}

where X=/17([CgF]7CH2CH2/QH]/[C3F]7CH2CH20H]/Q\) is the frac-
tional consumption of CgF;;CH,CH,OH, o is the yield of
CgF17CH,CHO from the Cl atom initiated oxidation of
CgF,7,CH,CH,0H, and ks and k;, are the rate constants for reactions
(5) and (]O)/:\

(I

0.4
-~
I
]
T .
LI(J\‘ 03 .
O [ )
~
LI.eo C)
S}
T 02 4t
ON %
z = 3t
IN é
O S 2T
= I
L0 f =
o <
Z 0 1 1 1 1
00 02 04 06 08 1.0
fractional loss of C4F,,CH,CHO
0-0- 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

A [CgF4;CH,CH,OHY[CgF 17CH,CH,OH],

Fig. 4. Concentration of CgF;7CH,CHO (normalized to the initial CgF;7CH,CH,0H
concentration) versus the fractional consumption of CgF;7CH,CH,OH observed
following the UV irradiation of CgF;7CH,CH,OH/Cl, mixtures in 700 Torr air. The
inset shows the formation of HCI (in units of mTorr) versus the loss of CgF;7CH,CHO
(expressed as a fraction of the reference spectrum) following irradiation of
CgF17CH,CHO/Cly/air mixtures, the slope provided the absolute calibration of the
CgF17CH,CHO reference spectrum.

Cl + CgF;7CH,CH,0H — products (10)

The curve through the data in Fig. 4 is a fit of expression (II) to
the data which gives o = 0.92 + 0.07 and ks/k1o = 1.08 + 0.07. Using
a value of kip=(1.6+0.5)x 10" [6] gives ks=(1.7%0.5) x
10" em® molecule, ' s,.; consistent with the value reported in
section 3.1. The observed formation of CgF;7CH,CHO in a yield
which is close to 100% is consistent with previous findings that
CF3CH,CHO and C4F9CH,CHO are formed in essentially 100% yields
from CF3CH,CH,0H and C4F9CH,CH,0H, respectively [12,19]. The
observation of CgF{;CH,CHO as the dominant product of the Cl
atom initiated oxidation of CgF;7CH,CH,OH suggests that reaction
(10) proceeds predominantly via hydrogen abstraction from the
terminal carbon gtom:

Cl + CgF;7CH,CH,0H — CsFy7,CH,CHOH + HCI (11)

CgF17CH,CHOH + 0, — CgF;7CH,CHO + HO, (12)

4. Implications for atmospheric chemistry

The goal of this work was to test the assumption that the chem-
istry of large, commercially relevant, fluorinated alcohols such as
CgF17CH,CH,0H can be predicted by studying smaller members
of the series such as CF3CH,CH,0H and C4F9CH,CH,OH which are
easier to handle in the laboratory. We find ghat (i) as with the smal-
ler members of the series, the chlorine atom initiated oxidation of
CgF17CH,CH,0H gives the corresponding aldehyde, CgF{7CH,CHO,
in a yield which is close to 100%; (ii) the reactivity of CgF,;CH,CHO
towards chlorine atoms is indistinguishable from that of the smal-
ler members of the series; (iii) the reactivity of CgF;7CH,CHO to-
wards hydroxyl radicals is similar to, but slightly less than, that
of CF3CH,CHO. The available data suggest that the chemistry of
large, commercially relevant, fluorinated alcohols such as
CgF17CH,CH,0H can be predicted by studying smaller members
of the series.

Acknowledgements

G.AA. and MS.C. thank DuPont de Nemours, FONCyT, CONICET,
SeCyT-UNC for the research grants which made this work possible.

References

[1] D.A. Ellis, C.A. Moody, S.A. Mabury, in: A. Nielson (Ed.), Handbook of
Environmental Chemistry: Part N, Organofluorines, Springer-Verlag,
Heidelberg, 2002, p. 103.

[2] B.F. Scott, C. Spencer, C.A. Moody, S.A. Mabury, D. MacTavish, D.C.G. Muir,
Poster presented at the 13th Annual SETAC Europe Meeting, Hamburg, DE,
2003.

[3] J.W. Martin, S.A. Mabury, K.R. Solomon, D.C.G. Muir, Environ. Toxicol. Chem. 22
(2003) 196.

[4] J.W. Martin, D.M. Whittle, D.C.G. Muir, S.A. Mabury, Environ. Sci. Technol. 38
(2004) 5379.

[5] JJW. Martin, M.M. Smithwick, B.M. Braune, P.F. Hekstra, D.C.G. Muir, S.A.
Mabury, Environ. Sci. Technol. 38 (2004) 373.

[6] D.A. Ellis, JW. Martin, S.A. Mabury, M.D. Hurley, M.P.S. Andersen, T.J.
Wallington, Environ. Sci. Technol. 37 (2003) 3816.

[7] D.A. Ellis, ].W. Martin, A.O. De Silva, S.A. Mabury, M.D. Hurley, M.P.S. Andersen,
T.J. Wallington, Environ. Sci. Technol. 38 (2004) 3316.

[8] N.L. Stock, F.K. Lau, D.A. Ellis, J.W. Martin, D.C.G. Muir, S.A. Mabury, Environ.
Sci. Technol. 38 (2004) 991.

[9] M. Shoeib, T. Harner, P. Vlahos, Environ. Sci. Technol. 40 (2006) 7577.

[10] A. Jahnke, L. Ahrens, R. Ebinghaus, C. Temme, Environ. Sci. Technol. 41 (2007)
745.

[11] T. Kelly et al., J. Phys. Chem. A 109 (2005) 347.

[12] M.D. HG}ey, J.C. Ball, TJ. Wallifigton, M.P.S. Andersen, D.A. Ellis, ].W. Martin,
S.A. Mabury, J. Phys. Chem. A 108 (2004) 5635.

[13] T.J. Wallington, S.M. Japar, J. Attnos. Chem. 9 (1989) 399.

[14] R. Atkinson, J. Phys. Chem. Ref. Data, 1989 (Monograph 1).

[15] P.H. Wine, D.H. Semmes, J. Phys"Chem. 87 (1983) 3572.

[16] S.P. Sander et al, JPL Publication No. 02-25, NASA Jet Propulsion Lab.,
Pasadena, CA, 2003.

Please cite this article in press as: M.S. Chiappero et al., Chem. Phys. Lett. (2008), doi:10.1016/j.cplett.2008.06.088

239

240
241
242
243
244
245
246
247
248
249
250
251

253

255

256

257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

272

273
274


Original text:
Inserted Text
second 

Original text:
Inserted Text
can not 

Original text:
Inserted Text
insert 

Original text:
Inserted Text
1- 

Original text:
Inserted Text
OH]/[ C

Original text:
Inserted Text
o

Original text:
Inserted Text
.

Original text:
Inserted Text
-11

Original text:
Inserted Text
-11

Original text:
Inserted Text
-1

Original text:
Inserted Text
-1

Original text:
Inserted Text
section 

Original text:
Inserted Text
atom

Original text:
Inserted Text
Atmospheric Chemistry

Original text:
Inserted Text
that: 

Original text:
Inserted Text
GAA 

Original text:
Inserted Text
MSC 

Original text:
Inserted Text
V.BossoutrotI.MagneronK.WirtzJ.TreacyA.MelloukiH.SidebottomG.Le Bras

Original text:
Inserted Text
A109

Original text:
Inserted Text
A108

Original text:
Inserted Text
Data 1989, Monograph 1.


305
306
307
308
309

311

CPLETT 26239 No. of Pages 5, Model 5G
8 July 2008 Disk Used

M.S. Chiappero et al./Chemical Physics Letters xxx (2008) XxX—XxXx 5
[17] S.R. Sellevdg, C.J. Nielsen, Asian Chem. Lett. 7 (2003) 15. [21] S.R. Sellevdg, T. Kelly, H. Sidebottom, C. Nielsen, Phys. Chem. Chem. Phys. 6
[18] T.J. Wallington, A. Haryanto, M.D. Hurley, Chem. Phys. Lett. 432 (2006) 57. (2004) 1243.
[19] M.D. Hurley, J.A. Misner, J.C. Ball, T.J. Wallington, D.A. Ellis, ].W. Martin, S.A. [22] RJ. Meagher, M.E. McIntosh, M.D. Hurley, T,J. Wallington, Int. J. Chem. Kinet.
Mabury, J. Phys. Chem. A 109 (2005) 9816. 29 (1997) 619.

[20] JG. Calvert, R. Atkinson, J.A. Kerr, S. Madronich, G.K. Moortgat, T.J. Wallington,
G. Yarwood, Mechanisms of the Atmospheric Oxidation of the Alkenes, Oxford
University Press, 2000.

Please cite this article in press as: M.S. Chiappero et al., Chem. Phys. Lett. (2008), doi:10.1016/j.cplett.2008.06.088

312
313
314
315

316


Original text:
Inserted Text
A109

Original text:
Inserted Text
J.

Original text:
Inserted Text
T.


	Atmospheric Chemistry chemistry of C8F17CH2CHO: Yield from C8F17CH2CH2OH 8:2 FTOH Oxidation, Kinetics oxidation, kinetics and Mechanisms mechanisms of Reactions reactions with Cl Atoms atoms and OH Radicals
	Introduction
	Experimental
	Results
	Relative Rate Study rate study of k(Cl+C(Cl+C8F17CH2CHO)
	Relative Rate Study rate study of the Reaction reaction of OH Radicals radicals with C8F17CH2CHO
	Formation of C8F17CH2CHO in the Cl atom initiated oxidation of C8F17CH2CH2OH

	Implications for Atmospheric Chemistryatmospheric chemistry
	Acknowledgements
	References




