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compounds

i Atmospheric sources of halogenated organic

= Hydrofluorocarbons, (e.g. CF;CH; )

= Hydrochlorofluorocarbons, (e.g. CFCI,CH; )

= Hydrochlorocarbons, (e.g. CCI;CH;, CHCI=CCI, )

» Fluoroalcohols, (e.g. C F,,,,CH,CH,0OH, C.F,,,;CH,OH )
= Chloroalcohols, (e.g. CCl;CH,OH )

CX,CHO > CX,C(O)OH

CX,CFO > CX,C(O)OH




Atmospheric fate of fluoroalcohols and
i aldehydes
OH
C,F2y+1CH,CH,OH >  C,F,,.;CH,CHO
\OH
C,F2y+1CHO

1. Hydration
2. Evaporation
OH hu

v CxF2x+1CH(OH) 2
C.FriCOJOH <




Kinetics of the reactions of OH radicals and
Cl atoms with halogenated alcohols and
i aldehydes

o o °
OH/CI + RCHOH » H,O/HCI + RCHOH

SH/& + RCHO > HO/HCI + RC(O)



Kinetic data for the reaction of OH and Cl
with halogenated alcohols

Substrate 163 kon 10 kg
cm® molecule! st cm® molecule! st
CH3CH,CH3 11 61
CH3;CH-OH 32 96
CFH,CH,OH 11 22
CF,HCH,OH 2.9 2.7
CF3;CH,0OH 1.0 0.64
C,F2y+1CH-0OH 1.0 0.65
CF3;CH-,CH>,OH 6.9-9.0 16-22
CyFox+1CH,CH,OH 11 16
(CH3)sCH 21 18
(CH3);CHOH 51 57
(CF3),CHOH 0.26 0.009
CF3;CH(OH), 1.2-16 0.60 -0.77
(CF5)sCOH <0.002 < 0.00005
CCIH,CH,0OH 13 32
CCI,HCH,OH 6.9 9.3
CCI;CH,0OH 3.0 3.5

CCI;,CH(OH),, 5.5 7.3




Kinetic data for the reaction of OH and Cl
i with halogenated aldehydes

Aldehyde 10 kon 10"k
cm®molecule* st cm® molecule® s*

CH3CHO 14 57
CF,HCHO 1.6 5.6
CFRCHO 0.52 2.3
CxFx+1CHO 0.60 2.0
CH3;CH,CHO 20 120
CF;CH,CHO 3.0 22

CCI;CHO 1.1 6.5




Reactivity of haloalcohols and haloaldehydes

Figure 1
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Reactivity of haloalcohols and haloaldehydes
- continued

Figure 2
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Reactivity of aldehydes

Figure 3
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Electrophilic nature of OH radicals and Cl

atoms

OHE) + CHEOH &% ———— CH.C(0) + HO (HC)
OHEC) + CRCOH — > CE0) + HOHT)

k (OH(Cl) + CHsC(O)H) > Kk(OH(Cl) + CRC(O)H)

H3CC(O)-- - -H--------- OH (CI)

F3CC(C;TH ------------ OH (Cl)

. 5+
CH; + HCl——>Cl + CH
[ ]

CH; + HH——>H + CH

k(CHz + HCl) > k(CH; + H-H)

e S—

(o] [ Ch

[ M oo oo emnm 0. CH



aldehydes for reaction with OH radicals

i Atmospheric lifetimes of fluoroalcohols and

C,F,, ,,CH,CH,OH
C,F,,.,CH,OH
C,F,,,,CH,CHO
C,F2,+1CHO

CF,CH(OH),

T oy J11 days
T o4 115 days
1oy U4 days
Ty 22 days

o4 U180 days



Oxidation of fluoroalcohols in air

O,
“H,0
OH + CRCH,OH > CF,CHOH l > CF,CHO
HO,
O,
“H,0
OH + (CF),CHOH ———» (CF,),COH l > (CF3),CO
HO,
O,
“H,0
OH + CRCH,CH,0OH ——— CF.CH,CHOH i > CF ,CH,CHO
HO,
“H,0
OH + CH,C(CFs),0H = CH,C(CF9,0H OCH ,C(CF5),0H
2.NO /RO, l

CH,O + C(CF,),0OH

02 %’ H02

(CF3),CO



Oxidation of fluoroalcohols in air - continued

Wallington et al

0, *
C,F21CH,CHOH + O, - |
C,Fyy+1CH,CHOH
+ M J - H02
O, C,Fx+1CH,CHO

|
CyFoy+1CH,CHOH ~ - HO3

NO NG
i
CXF2X+1CH 2CHOH — CXF2X+1CH 2 + HC(O)OH
1.0,
2. NO / RO,
3.0,

C,Fyys1CHO



Oxidation of chloroalcohols in air

OH + CCIsCH,OH > CCI,CHOH + H,0
o, l~50%
~ 50%
CCI,CH(OH)(CI)
HO, + CCKCHO l 0,/x2
OCCI,CH(OH)(CI)

CClLO + CH(OH)(CI)

O,

HO, + CHCIO



i Oxidation of chloroalkenes

OH + CHCI=CC, > [CCbCH«Nﬂ«ﬂﬂ*

|

CCLCHO + HCI

lOz/XZ

OCCI,CHO

|

0
CCl,O + HCO —%» HO, + CO




Atmospheric degradation of halogenated
aldehydes hydrates

Cx|:2x+1CHO + I_bo Cx|:2x+1C|_I (OH) 2
PKoogx > 10°
Tony = ~70 - 90 days
C,F>+1CH(OH), + OH/CI 5 » [ C,F5+1C(OH),0O,* + H,O/HCI
- H,0 ’
- HO,
CyFoy+1CHO
+ M
Fluoroaldehyde
L, OH/ClI Cx|:2x+1C(O)OH
l' 02
CF,0 Y - HO,
i C,F->,+1C(OH),0O
CarbonAyI Fluoride H,0 + CO, xF2x+1C(OH) 0,

NO / RO,

CxFaxs1  + (HORC(O) —= CxF2x+1C(OH) 0



Product distribution studies on the radical
i initiated oxidation of haloaldehydes in air

OH/Cl + CXsCHO > CXsC(0) + H,O/HCI
CX3CH,CHO > CX,CH,C(O) + H,0/HCI
CX4C(O) > CX; + CO
CX,C(O) + G » CX5C(0)0,
CX3CH,C(O) » CX,CH, + CO

CX3CH ZC(O) + Q > CX3CH ZC(O)OZ




Oxidation of fluoroaldehydes

C,Fay+1CH,CHO

OH /- H,0

CyFoy+1CH,C(O)OH

HO,/-O,

> CyF2:1CHC(O)

102

CXF2x+1CH2C(O)02

RO,/ NO
- COZ
CxF2x+1CH 2

O,
Y
CxFax+1CHZ0,

RO, / NO
y 0./ -HO,

CFoy+1CHO

lOH/-HZO

Cx|:2x+1c(o)

Wallington et al



Oxidation of fluoroaldehydes - continued

OH /-H,0

CxF2x+1CHO > Cx|:2x+1C(O)
-CO I 0O,
NO / RO
CF 21 2— CF2u1C(0)0;
- CO,
Joz \oz /-0y
O 20102 CF2x:1C(O)OH
C,F»,+1CF,OH C,F2y:10
j HF l
CXF2X+1C(O)F Con + QF2X+1
l Hydroylsis

C,F2y:1COOH




i Oxidation of chloroaldehydes

OH + CCKCHO > CCl,C(0)

|

CCl; + CO

y

CCl;0,
NO / RO,

CCl50

|

CClL,O + Cl



i Photolysis of halogenated aldehydes

CyFo:/CHO + v > Products
CCI;CHO + v > Products
Required :
e Lifetimes

e Products



Ia [CCLCHO|COLOHO],

Photolysis of chloral under atmospheric

conditions

Figure 4: Photolytic loss rate of chloral
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conditions — continued

i Photolysis of chloral under atmospheric

CCIs.CHO + h »  products

» loss by leakage

> wall loss

kObS - kphot + kdil - (7-1 + 0-1) X 10-5 5-1

kdil - (1.0 + 0.1) X 10-5 5-1 Tail = 28 hours
Kphot = (6.1 £0.2) x 10> s 1,,,, =4.6 hours

@t = 1.0 £ 0.1



Photolysis of chloral under atmospheric
i conditions — continued

CCI,CHO + > CCl; + HC()

» CCIL,CHO + CI

» CCl,H + CO

» CCl,C(0) + H

Pyg=13+03 A=308nm
Talukdar et al, J.Phys. Chem. A 2001, 105, 5188-5196



conditions - continued

CClLCHO + O, >  0,CCI,CHO

j RO,

OCCI,CHO

1?/ \33%

Cl + CIC(O)C(O)H HC(O) + CCLO

\hu J

CIC(O) + HCO) CO + HO

‘ JOZ

Cl + CO CO + HOG,

i Photolysis of chloral under atmospheric




Photolysis of fluoroaldehydes

Wallington et al

CF3CHO (D(308nm) = 0.17
C4F9CHO (b(308nm) = 0.08
CF3CH2CHO Cb(308nm) — 004

CF;CHO 10 ~ 6 days (~17days)
C4FgCHO 1,0 ~ 2 days (~ 6 days)
CF;CH,CHO 15,4 ~ 13 days (~ 35 days)

Kelly et al

CF3CHO ® g nigny < 0.02
CF3CH,CHO ®gyniighty < 0-04

Compare with:
Moortgat et al

CH3CHO @(308nm) = 033
CH3CHO (D(sunlight) = 0.06



Photolysis of fluoroaldehydes - continued

Kelly et al.

CF;CHO CF5CH,CHO

Kobs = Kphot + Kgii = (7.7 £ 0.5) X 10° st Kobs = Kphot + Kai = (7.5 £ 0.3) x 10° st

ksy =(7.5+0.3)x10° s kg = (5.2 £0.2) x 106 s
Kpnot < 1 x 100572 Koot < 2.8 x 10 571
Dot < 0.02 ®ppor < 0.04

Tphot > 10 days Tphot > 4 days



Photolysis of C;F,CHO and C,F,CHO at

EUPHORE

C,H,CHO

.= (1.8 £0.2)x 105 s
= (0.5 + 0.1) x 105 s

Ieak

Konot = (1.3 % 0.6) x 105 571

) ~ 0.021.,.=21 %10 hours

phot phot —

.= (3.3£0.6)x 105 s
= (1.5 + 0.3) x 105 st

Ieak

Kopot = (1.8 % 0.6) x 105 71

) ~ 0.031.,.,.=15=x 7 hours

phot phot —



Photolysis of CF;CHO performed at

EUPHORE

In {[ Species ], /[ Species ], }
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O Loss of CF3CHO due to photolysis
O Total observed loss of CF3CHO

V¥ Leak Rate

=0 0 @o

0.00

1 2

Time (hours)

Total observed loss of CF;CHO
= (2.0 0.1) x105s?

Leak Rate =
(1.3+0.1)x105s?

Loss of CF,CHO due to
photolysis =
(0.65 £ 0.20) x 105 s?

Tphot ~ 2 days



Atmospheric fate of fluoroaldehydes

C,F>+1CHO
OH Hydration
hu ~ 5-15 days
Toy [120days
OH Y Tohot ~ 1-2 days
Y

CyF2x+1C(O) + H,O CyFoxs1 + HC(O) CiF2x+1CH(OH),

- . ' OH

Y \ Y

CyxF2x+1C(O)OH CyF2x+1C(O)OH C,F>,+1C(O)OH



