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Experimental and theoretical study of gas phase NO3 and OH radical reactions with formaldehyde, acetaldehyde and their isotopomers.

Barbara D'Anna, Jon Are Beukes, Vebjørn Bakken, Claus J. Nielsen,* 

Katarzyna Brudnik and Jerzy T. Jodkowski

FACSIMILE code for the simulation of the chemistry in the static reactor between HCHO/DCDO with OH radicals (from photolysis of 2-propylnitrite (CH3)2CHONO)

* Generated by FACSIMILE Reaction Wizard -  February 2000;*
Kinetic study in the static reaction chamber.

;

EXECUTE OPEN 8 "e:\Facsimile\work\HCHOOH.out"; 

PARAMETER

T 298

PTOT 1013

PO2 0.21

M A3 A4 RN2 RN1 RN3 RN4 RN5  

RN7 RN8 RN12 RN13 RN14  RN15 RN21 RN22 RN23 RN24 RN25 RN26  

RN27 RN28 RN29 RN30 RN31 RN32 RN33 RN34 RN35 

RN36 RN37 RN38 RN39 RN40 RN41 RN42 RN43 RN44 

R3 R4 R5 R6 R8 R9 R10 R12 R14 R15 R16f R16r R18 R21 R22 R23 R27 R29

JIPN 2D-3

J1 2.5d-6

J2 2.01d-3

J3 0.156

J4 5d-4

J5 1.3d-3

J6 5d-6

RN6 1D-6

RN9 2D-11

RN10 3.5D-12 

RN11 3.5D-12

RN16 1.1D-10 

RN17 1.7D-12 

RN18 5.6D-12

RN19 7.2D-11

RN20 2.4D-12

R1 5.8D-16

R2 1.95D-16

R7 5D-12

R11 2D-13

R13 5D-11

R17 5.5D-12

R19 3.5D-14

R20 0

R24 9.4D-12

R26 1.2D-11

R28 1.2D-11

;

VARIABLE

IPN ACET pho dir ato dis atom oxi NO2 NO3 N2O5 HNO3 DNO3 HCHO DCDO O2 H2O NO 

a b c d HCO DCO HDO OH CO H HO2 HDO2 e f H2O2 HCOOH HviaOH DviaOH CO2 H2 HOCH2O2 DOCDHO2 g prod1 h i j k HOCH2OH DviaHO2 HviaHO2 prod2 CH2OH

l m W n o p q r s t MO u dd v JJ JJJ HOCH2O HOCH2OOH vv aa N2O3 N2O4 HO2NO2 HONO HO2NO2 po O3 ac prod4 lp HNO lpd prod5 DNO

;

COMPILE INSTANT;

M=2.46D19*PTOT/1013;

IPN=M*6d-6;

HNO3=M*1d-6;

HCHO=M*2d-6;

DCDO=M*2d-6;

O2=M*PO2;

H2O=M*2d-6;

NO2=M*1d-7;

NO=M*1d-7;

R3=8.6D-12*EXP(20/T);



Atkins 1999, p.222

R4=8.6D-12*EXP(20/T)*0.6;


Atkins 1999, p.222*0.6 (experimental)

R5=1.3D-13*(1+6D-4*PTOT*(300/T));

Atkins 1999, p.221, 0.d0

R6=3.5D-12*EXP(140/T);


97 DeMore, Saunders, JPL 

R8=2.2D-13*EXP(600/T);


Atkins 1997, p567

R9=4.8D-11*EXP(250/T);


Atkins 1997, p566

R10=2.9D-12*EXP(-160/T);


Atkins 1997, p566

R12=5.7D-32*M*(T/300)@-1.6;


 Atkins 1997, Nasa

R14=7.7D-12*EXP(-2100/T);


Atkins 1997, p564

R15=1.3D-13*(1+(0.6*PTOT/1013)*(300/T));
97 DeMore, Saunders, JPL 

R16f=9.7D-15*EXP(625/T);


Atkins 1999, p259

R16r=2.4D12*EXP(-7000/T);


Atkins 1999, p259

R18=5.7D-14*EXP(750/T);


Atkins 1999, p322

R20=5.6D-15*EXP(2300/T)*0;


Atkins 1999, p254

R21=5.6D-15*EXP(2300/T);


Atkins 1999, p254

R22=6.9D-31*(T/300)*M; 


Atkins 1997, p565, from NASA 94

R23=2.9D-13*EXP(102/T);


Atkins 1999, p240 (Singleton et al. 1988)

R27=2.51D-11*EXP(216/T);


NIST(Y.Guo, J.Phys. Chem.1995,99,7473)

R29=2.51D-11*EXP(216/T);


NIST(Y.Guo, J.Phys. Chem.1995,99,7473)

RN1=1.0D-3*M*EXP(-11000/T)*(T/300)@-3.5;
Atkins 1997, p.594

RN2=2.7D-30*M*(T/300)@-3.4;


Atkins 1997, p.593

RN3= 8.5D-13*exp(-2540/T);


Biggs, Canosa-Mas 1993,p. 815, Int.J.Chem. Kinet.

RN4= 7.2D-14*exp(-1414/T);


Wayne, 1991, p.86

RN5=1.8D-11*EXP(110/T);


Atkins 1997, p.589

RN7=3.7D-12*EXP(240/T);


Atkins 1997, p.580

RN8=2.6D-30*M*(T/399)@-2.9;


Atkins 1997, p.578

RN12=1.8D-31*M*0.78*(T/300)@-3.2;

Atkins 1997, p.581

RN13=5.0D-6*M*0.78*EXP(-10000/T);

Atkins 1997, p.582

RN14=2.7D-12*EXP(260/T);


Atkins 1997, p.575

RN15=2.2D-13*EXP(600/T)+1.9D-33*M*EXP(980/T);
Atkins 1997, p.567

RN16=4.8D-11*EXP(250/T);


Atkins 1997, p.566

RN17=2.9D-12*EXP(-160/T);


Atkins 1997, p.566

RN21=5.4D-32*M*(T/300)@-1.8;


Atkins 1997, p.560

RN22=2.3D-11*EXP(110/T);


Atkins 1997, p.561

RN23=2.7D-11*EXP(224/T);


Atkins 1997, p.562

RN24=1.4D-12*EXP(-2000/T);


Atkins 1997, p.562

RN26=7.9D-14*EXP(945/T)*(T/298)@2.6;
Atkins 1997, p.564

RN27=1.4D-14*EXP(-600/T);


Atkins 1997, p.568

RN28=6.5D-12*EXP(120/T);


Atkins 1997, p.572

RN29=6.5D-32*M*(T/300)@-2.0;


Atkins 1997, p.572

RN30=1.7D-11;




Atkins 1997, p.573

A3=1.9D-33*EXP(725/T);


Atkins 1997, p.576

A4=4.1D-16*EXP(1440/T);


Atkins 1997, p.576

RN31=7.2D-15*EXP(785/T)+A3*M/(1+A3*M/A4);
Atkins 1997, p.576

RN32=7.4D-31*M*(T/300)@-2.4;


Atkins 1997, p.577

RN33=3.3D-33*EXP(530/T);


Atkins 1997, p.586

RN34=1.8D-12*EXP(-1370/T);


Atkins 1997, p.586

RN35=2.3D-34*M*(T/300)@-7.7;


Atkins 1997, p.587

RN36=1.4D-7*M*EXP(-4880/T)*(T/300)@-8.7;
Atkins 1997, p.588

RN37=1.2D-13*EXP(-2450/T);


Atkins 1997, p.590

RN38=1.4D-33*M*(T/300)@-3.8;


Atkins 1997, p.590

RN39=1.3D-5*M*EXP(-6400/T)*(T/300)@-3.8;
Atkins 1997, p.592

RN40=5.6D-34*M*(T/300)@-2.8;


Atkins 1997, p.550

RN41=8.0D-12*EXP(-2060/T);


Atkins 1997, p.550

RN42=7.9D-14*EXP(945/T)*(T/298)@2.6;
Atkins 1997, p.564

RN43=1.5D-12*EXP(360/T);


Atkins 1997, p.576

RN44=1.5D-12*EXP(360/T);


Atkins 1997, p.576

**;

COMPILE EQUATIONS ; 

*

* photolysis;

*;

% JIPN: IPN=HO2+NO+ACET;


our input 2d-3

% J1: N2O5=NO3+NO2+pho;


2.5d-6

% J2: NO3=NO+O2+dir;



0.0201 JPL

% J3: NO3=NO2+O+ato;



0.156   JPL

% J4: HONO=NO+OH+dis;


5D-4   scaled at 35onm(JPL)

% J5: NO2=NO+O+atom;



1.3d-3 scaled  at 350nm,

% J6: O3=O2+O+oxi;



5d-6 scaled at 350nm 

*

* Initial H-abstraction reaction;

*;

% R1: HCHO+NO3=HCO+HNO3+a;

Atkins 1997, p.642

% R2: DCDO+NO3=DCO+DNO3+b;

R1*0.336

% R3: HCHO+OH=HCO+H2O+c;


Atkins 1997, p.618

% R4: DCDO+OH=DCO+HDO+d;

R3*0.6

% R5: OH+CO=H+CO2;



Atkins 1997, p.617

% R6: HCO+O2=CO+HO2+e;


97 DeMore, Saunders, JPL 

% R7: DCO+O2=CO+HDO2+f;


Langford, AO, Moore, CB,1984 (NIST)

% R8 : HO2 + HO2 = H2O2 + O2;


Atkins 1997, p567

% R9 : HO2 + OH  = H2O + O2;


Atkins 1997, p566

% R10: H2O2 + OH = HO2 + H2O;

Atkins 1997, p566

% R11: HCHO + OH = HCOOH + H +HviaOH;
2e-13, nist 89yetter/rabitz;

% R11: DCDO + OH = HCOOH + H +DviaOH;
 2e-13, nist 89yetter/rabitz;

% R12 : H+O2 = HO2+g;



Atkins 1997, Nasa

% R13 : HCO+HO2 = prod1;


5e-11, nist 86tsa/ham;

% R14 : H2+OH = H + H2O;


Atkins 1997, p564

% R15 : CO+OH = H + CO2;


JPL 1997

% R16f % R16r : HCHO+HO2 = HOCH2O2+ac;
Atkins 1997, p564

% R16f % R16r : DCDO+HO2 = DOCDHO2+ac;
Atkins 1997, p564

% R17 : HOCH2O2+HOCH2O2=HOCH2O+HOCH2O+O2+HviaHO2+HviaHO2+i;
Atkins 1999, p322

% R17 : DOCDHO2+DOCDHO2=HOCH2O+HOCH2O+O2+DviaHO2+DviaHO2+i;
Atkins 1999, p322

% R17 : DOCDHO2+HOCH2O2=HOCH2O+HOCH2O+O2+DviaHO2+HviaHO2+i;
Atkins 1999, p322

% R18 : HOCH2O2+HOCH2O2=HCOOH+HOCH2OH+O2+HviaHO2+HviaHO2+j;
Atkins 1999, p322

% R18 : DOCDHO2+DOCDHO2=HCOOH+HOCH2OH+O2+DviaHO2+DviaHO2+j;
Atkins 1999, p322

% R18 : DOCDHO2+HOCH2O2=HCOOH+HOCH2OH+O2+DviaHO2+HviaHO2+j;
Atkins 1999, p322

% R19 : HOCH2O  + O2  = HCOOH+HO2+k;
3.5e-14 nist 82vey/ray(P=353mbar);

% R20 :HOCH2O2 + HO2 = HOCH2OOH + O2+HviaHO2;         
Atkins 1999, p254

% R21: HOCH2O2 + HO2 = HCOOH + H2O + O2+HviaHO2+vv;
Atkins 1999, p254

% R21: DOCDHO2 + HO2 = HCOOH + H2O + O2+DviaHO2+vv;
Atkins 1999, p254

% R22 : OH+ OH = H2O2;




Atkins 1997, p565, from NASA94

% R23: HCOOH+ OH = prod2;




Atkins 1999,  p240

% R24: CH2OH+O2=HCHO+HO2+aa;



Atkins 1999, p.283

% R26: HCO+NO=HNO+CO+lp;




NIST

% R27: HCO+NO2=Prod4;




NIST

% R28: DCO+NO=DNO+CO+lpd;

% R29: DCO+NO2=Prod5;




NIST

*

* Inorganic reactions;

*;

% RN2: NO3+NO2=N2O5+l;



Atkins 1997, p.593

% RN1: N2O5=NO3+NO2+m;



Atkins 1997, p.594

% RN3: NO3+NO3=NO2+NO2+O2+n;


Biggs Canosa-Mas, 1993, Int .J.Chem. Kinetics

% RN4: NO2+NO3=NO2+NO+O2+o;


Wayne, 1991, p.86

% RN5: NO+NO3=NO2+NO2+p;



Atkins 1997, p.589

% RN6: NO3=W;




Biggs Canosa-Mas, 1993, Int..J.Chem. Kinetics

% RN7: HO2+NO=OH+NO2+q;



Atkins 1997, p.580

% RN8: OH+NO2=HNO3+r;

                
Atkins 1997, p.578

% RN9: OH+NO3=HO2+NO2+s;



Atkins 1997, p.580 2.0d-11

% RN10: HO2+NO3=OH+NO2+O2+MO;
                              Atkins 1997, p.583 4.0d-12

% RN11: HO2+NO3=HNO3+O2+t;


Atkins 1997, p.583, 0

% RN12: HO2+NO2=HO2NO2+u;


Atkins 1997, p.581

% RN13: HO2NO2=HO2+NO2+dd;


Atkins 1997, p.582

% RN14: OH+HONO=H2O+NO2+v;


Atkins 1997, p.575

% RN15: HO2+HO2=H2O2+O2+po;


Atkins 1997, p.567

% RN16: OH+HO2=H2O+O2+JJ;



Atkins 1997, p.566

% RN17: OH+H2O2=H2O+HO2+JJJ;


Atkins 1997, p.566, 1.7d-12 

% RN18: H+HO2=H2+O2;



Atkins 1997, p.560, 5.6d-12

% RN19: H+HO2=OH+OH;



Atkins 1997, p.560, 7.2d-11

% RN20: H+HO2=H2O+O;



Atkins 1997, p.560, 2.4d-12

% RN21: H+O2=HO2;




Atkins 1997, p.560

% RN22: O+OH=O2+H;




Atkins 1997, p.561

% RN23: O+HO2=OH+O2;



Atkins 1997, p.562

% RN24: O+H2O2=OH+HO2;



Atkins 1997, p.562

% RN25: OH+H2=H2O+H;



Atkins 1997, p.564

% RN25: OH+OH=H2O2;



Atkins 1997, p.565

% RN26: OH+O3=HO2+O2;



Atkins 1997, p.567

% RN27: HO2+O3=OH+O2+O2;



Atkins 1997, p.568

% RN28: O+NO2=O2+NO;



Atkins 1997, p.572

% RN29: O+NO2=NO3;




Atkins 1997, p.572

% RN30: O+NO3=O2+NO2;



Atkins 1997, p.573

% RN31: OH+HNO3=H2O+NO3;



Atkins 1997, p.576

% RN32: OH+NO=HONO;



Atkins 1997, p.577

% RN33: NO+NO+O2=NO2+NO2;


Atkins 1997, p.586

% RN34: NO+O3=NO2+O2;



Atkins 1997, p.586

% RN35: NO+NO2=N2O3;



Atkins 1997, p.587

% RN36: N2O3=NO+NO2;



Atkins 1997, p.588

% RN37: NO2+O3=NO3+O2;



Atkins 1997, p.590

% RN38: NO2+NO2=N2O4;



Atkins 1997, p.590

% RN39: N2O4=NO2+NO2;



Atkins 1997, p.592

% RN40: O+O2=O3;




Atkins 1997, p.550

% RN41: O+O3=O2+O2;




Atkins 1997, p.550

% RN42: OH+OH=H2O+O;



Atkins 1997, p.564

% RN43: OH+HO2NO2=H2O+O2+NO2;


Atkins 1997, p.576

% RN44: OH+HO2NO2=H2O2+NO3;


Atkins 1997, p.576,0.d0

**;

SETPSTREAM 1 8 ;

time;

M IPN ACET pho dir ato dis atom oxi;

NO2 NO3 N2O5 HNO3 DNO3 HCHO DCDO O2 H2O NO; 

a b c d HCO DCO HDO OH CO H HO2 HDO2 e f H2O2;

HCOOH HviaOH DviaOH CO2 H2 HOCH2O2 DOCDHO2 g;

prod1 h i j k HOCH2OH DviaHO2 HviaHO2 prod2 CH2OH;

l m W n o p q r s t MO u dd v JJ JJJ HOCH2O HOCH2OOH vv aa;

N2O3 N2O4 HO2NO2 HONO HO2NO2 po O3  ac;

prod4 lp HNO lpd prod5 DNO;

**;

COMPILE OUT ;

PSTREAM 1 ;

**;

WHENEVER TIME= 0 + 90 * 10%CALL OUT;

**;

BEGIN;

STOP;
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Wavenumber regions and additional reference compounds included in the spectral subtraction procedures for the reaction of aldehydes with NO3 radicals.

	Compound
	Wavenumber

region used  /cm-1
	Additional com​pounds used in spectral subtraction

	HCHO
	       2850 - 2720
	D2O, HDO, H13CHO, c-C6H12

	H13CHO
	2850 - 2720
	D2O, HDO, HCHO, c-C6H12

	DCDO
	2100 - 2000
	H2O, CO, 13CO

	CH3CHO
	2800 - 2680
	D2O, HDO, HCHO, CD3CHO

	CH3CDO
	2100 - 2000
	H2O, HDO, DCDO, CO, (CH3CDO)3

	CD3CHO
	2800 - 2680
	D2O, HDO, HCHO, CH3CHO

	CD3CDO
	2100 - 2000
	H2O, HDO, DCDO, (CD3CDO)3, CO


Wavenumber regions and additional reference compounds included in the spectral subtraction procedures for the reaction of aldehydes with OH radicals.

	Compound
	Wavenumber

region used  /cm-1
	Additional com​pounds used in spectral subtraction

	HCHO
	     2850 - 2720
	D2O, HDO, 2PN-d6, 2PN, H13CHO

	H13CHO
	2850 - 2720
	D2O, HDO, 2PN-d6, 2PN, HCHO

	DCDO
	2100 - 2000
	H2O, CO, 13CO

	CH3CHO
	2850 - 2650
	H2O, D2O, HDO, HCHO, CH3ONO, 2PN-d6, 2PN, CD3CHO

	CH3CDO
	2100 - 2000
	H2O, D2O, HDO, (CH3CDO)3, CH3ONO, DCDO, CO, 2PN-d6

	CD3CHO
	2850 - 2650
	H2O, D2O, HDO, HCHO, 2PN, CH3CHO, 2PN-d6

	CD3CDO
	2055 - 2000
	H2O, D2O, HDO, DCDO, (CD3CDO)3, CO, CH3ONO, 2PN-d6


Reaction of acetaldehyde and it isotopomers with NO3 radicals, the uncertainties ascribed to each data point is based on an estimated uncertainty in the subtraction procedure amounting to 2% of the initial concentration;  (A) plot of ln{[CH3CHO]0/[CH3CHO]t} vs.ln{[CH3CDO]0/[CH3CDO]t} 28 points from four experiments were fitted to krel  = 2.39 ( 0.07; (B) plot of ln{[CH3CHO]0/[CH3CHO]t} vs. ln{[CD3CHO]0/[CD3CHO]t} 22 points from three experiments were fitted to krel  = 1.19 ( 0.10; (C) plot of ln{[CH3CHO]0/[CH3CHO]t} vs. ln{[CD3CHO]0/[CD3CHO]t} 37 points from four experiments were fitted to krel  = 2.51 ( 0.09. 
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Reaction of acetaldehyde and it isotopomers with OH radicals; the uncertainties ascribed to each data point is based on an estimated uncertainty in the subtraction procedure amounting to 2% of the initial concentration; (A) plot of ln{[CH3CHO]0/[CH3CHO]t} vs.ln{[CH3CDO]0/[CH3CDO]t} 29 points from three experiments were fitted to krel  = 1.42 ( 0.10; (B) plot of ln{[CH3CHO]0/[CH3CHO]t} vs.ln{[CD3CHO]0/[CD3CHO]t} 16 points from two experiments were fitted to krel  = 1.13 ( 0.08; (C) plot of ln{[CH3CHO]0/[CH3CHO]t} vs. ln{[CD3CHO]0/[CD3CHO]t} 33 points from four experiments were fitted to krel  = 1.65 ( 0.10.
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Output from the statistical analyses of the kinetic data.

NO3 experiments
slope
slope
intercept
intercept
HCHO/DCDO
2.968596
0.044827
-0.01138
0.002922

HCHO/H13CHO
0.966108
0.007868
0.012828
0.005571

CH3CHO/CH3CDO
2.365293
0.026149
-0.00697
0.005253

CH3CHO/CD3CHO
1.196725
0.017688
-0.00861
0.007842

CH3CHO/CD3CDO
2.518978
0.034724
-0.00673
0.009071

OH experiments
slope
slope
intercept
intercept
HCHO/DCDO
1.613004
0.031369
0.000182
0.002844
H13CHO/DCDO
1.636181
0.040978
0.022316
0.009686
HCHO/H13CHO
0.966108
0.007868
0.012828
0.005571
CH3CHO/CH3CDO
1.498702
0.036737
0.006632
0.008453
CH3CHO/CD3CHO
1.126267
0.023047
0.003502
0.006709
CH3CHO/CD3CDO
1.642984
0.024629
0.024731
0.005499

Energies of the OH + HCHO reaction system.

	Reactants
	Basis set a
	EUMP2

/Hartree
	EZPE  b
/Hartree
	ECCSD(T)

/Hartree

	HCHO + OH
	DZ

TZ
	-189.784449

-189.942748
	0.035315

0.035477
	-189.829255

-189.988496

	Intermediates and products
	
	EUMP2
/kJ mol-1
	EZPE
/kJ mol-1
	ECCSD(T)
/kJ mol-1

	Pre-reaction adduct
	DZ

TZ
	-21.9

-23.4
	7.8
	-22.0

-21.7

	TS towards H-abstraction 
	DZ

TZ
	19.6

18.3
	-2.9
	-2.9

-3.0

	Post-reaction adduct
	DZ

TZ
	-152.7

-155.9
	2.2
	-130.0

-131.6

	HCO + H2O
	DZ

TZ
	-140.5

-144.2
	-2.3

-2.3
	-117.4

-121.7

	TS towards H-elimination

from HCO (+H2O)
	DZ
	-52.7
	-21.6
	-32.2

	H + CO + H2O
	DZ

TZ
	-80.8

-74.8
	-24.3
	-47.3

-41.6

	
	
	
	
	

	TS towards OH-addition
	DZ


	47.0
	13.7
	14.1

	H2C(O)OH
	DZ


	-92.2
	20.1
	-98.3

	TS towards H-elimination

from H-CH(O)OH
	DZ


	-23.1
	2.8
	-27.2

	HCOOH + H
	DZ

TZ
	-109.1

-115.1
	-4.3

-4.3
	-70.2

-76.4


a Basis sets: DZ, aug-cc-pVDZ; TZ, aug-cc-pVTZ. b ZPE, Zero-Point Energy.

Energies of the OH + CH3CHO reaction system.

	Reactants
	Basis set a
	EUMP2

/Hartree
	EZPE

/Hartree
	ECCSD(T)

/Hartree

	CH3CHO + OH
	DZ

TZ
	-228.983891
-229.180668
	0.064142
	-229.046817
-229.243995

	Intermediates and products in the Hald‑abstraction reaction
	
	EUMP2
/kJ mol-1
	EZPE
/kJ mol-1
	ECCSD(T)
/kJ mol-1

	Pre-reaction adduct
	DZ

TZ
	-25.4
-25.3
	7.4
	-25.5

	TS towards Hald-abstraction 
	DZ

TZ
	11.8
11.6
	-4.7
	-9.5

	Post-reaction adduct
	DZ

TZ
	-153.6
-157.1
	6.9
	-132.7

	CH3CO + H2O
	DZ

TZ
	-136.9
-141.4
	1.3
	-116.4

	TS towards CH3-elimination from CH3CO
	DZ

TZ
	-47.3
	-11.4
	-43.3

	CH3 + CO + H2O
	DZ

TZ
	-79.4

	-20.8

	-67.7

	Intermediates and products in the addition reaction
	
	
	
	

	TS towards OH-addition
	DZ
	43.4
	12.4
	18.5

	CH3CH(O)OH
	DZ
	-92.2
	20.1
	-98.3

	TS towards H-elimination from CH3CH(O)OH
	DZ
	-16.2
	2.5
	-20.5

	CH3COOH + H
	DZ
	-104.6
	-6.3
	-66.8

	TS towards CH3-elimination from CH3CH(O)OH
	DZ
	-31.6
	12.4
	-40.7

	HCOOH + CH3
	DZ
	-107.8
	-0.8
	-89.3

	Intermediates and products in the Hmethyl‑abstraction reaction
	
	
	
	

	Pre-reaction adduct
	DZ
	-25.9
	7.6
	-26.3

	TS towards Hmethyl-abstraction
	DZ
	25.8
	-5.3
	17.4

	Post-reaction adduct
	DZ
	-105.2
	11.3
	-108.5

	CH2CHO + H2O
	DZ
	-74.5
	1.5
	-81.2


a Basis sets: DZ, aug-cc-pVDZ; TZ, aug-cc-pVTZ. b ZPE, Zero-Point Energy.

Vibrational frequencies of reactants, intermediates and products in the OH + HCHO reaction system calculated at the MP2/aug-cc-pVDZ level.

	Reactants
	Wavenumbers /cm-1

	OH

HCHO
	3768

1188, 1252, 1527, 1727, 2978, 3062

	Intermediates and products
	

	Pre-reaction adduct
	47, 151, 182, 447, 541, 1197, 1258, 1530, 1728, 3004, 3101, 3628

	TS towards H-abstraction 
	1532i, 106, 112, 226, 771, 873, 1186, 1226, 1515, 2256, 2983, 3755

	Post-reaction adduct
	46, 63, 76, 107, 173, 196, 1144, 1625, 1866, 2843, 3800, 3932

	HCO

H2O

CO

HCOOH
	1101, 1895, 2752
1622, 3803, 3938
2072

618, 674, 1047, 1117, 1295, 1396, 1772, 3138, 3727

	TS towards H-elimination

from HCO
	1104i, 483, 2045



	TS towards OH-addition
	794i, 239, 405, 779, 879, 1228, 1248, 1507, 1661, 3023, 3117, 3711

	H2C(O)OH
	287, 544, 793, 1003, 1094, 1130, 1325, 1382, 1415, 2973, 3093, 3815

	TS towards H-elimination

from H-CH(O)OH
	1748i, 524, 588, 672, 729, 1089, 1200, 1285, 1376, 1722, 3028, 3749


The rate coefficients, k* in the HCHO + OH reaction system calculated for the different isotopomers.

	T
	k*(HCHO+OH)
	k*(DCDO+OH)
	k*(DCHO+OH)
	k*(HCDO+OH)
	k*(HCDO+OH) a
	k*(H13CHO+OH)

	(K)
	cm3molecule-1s-1
	cm3molecule-1s-1
	cm3molecule-1s-1
	cm3molecule-1s-1
	cm3molecule-1s-1
	cm3molecule-1s-1

	200
	5.48 ( 10-12
	2.74 ( 10-12
	2.59 ( 10-12
	1.47 ( 10-12
	4.07 ( 10-12
	5.4 8 ( 10-12

	250
	6.94 ( 10-12
	3.51 ( 10-12
	3.29 ( 10-12
	1.87 ( 10-12
	5.16 ( 10-12
	6.95 ( 10-12

	300
	8.47 ( 10-12
	4.38 ( 10-12
	4.01 ( 10-12
	2.32 ( 10-12
	6.33 ( 10-12
	8.47 ( 10-12

	350
	1.01 ( 10-11
	5.39 ( 10-12
	4.79 ( 10-12
	2.84 ( 10-12
	7.63 ( 10-12
	1.01 ( 10-11

	400
	1.19 ( 10-11
	6.55 ( 10-12
	5.64 ( 10-12
	3.43 ( 10-12
	9.07 ( 10-12
	1.18 ( 10-11

	450
	1.38 ( 10-11
	7.87 ( 10-12
	6.57 ( 10-12
	4.09 ( 10-12
	1.07 ( 10-11
	1.38 ( 10-11

	500
	1.59 ( 10-11
	9.36 ( 10-12
	7.58 ( 10-12
	4.85 ( 10-12
	1.24 ( 10-11
	1.58 ( 10-11

	600
	2.06 ( 10-11
	1.29 ( 10-11
	9.91 ( 10-12
	6.64 ( 10-12
	1.65 ( 10-11
	2.06 ( 10-11

	700
	2.63 ( 10-11
	1.72 ( 10-11
	1.27 ( 10-11
	8.83 ( 10-12
	2.15 ( 10-11
	2.62 ( 10-11

	800
	3.28 ( 10-11
	2.24 ( 10-11
	1.59 ( 10-11
	1.15 ( 10-11
	2.74 ( 10-11
	3.28 ( 10-11

	900
	4.05 ( 10-11
	2.86 ( 10-11
	1.96 ( 10-11
	1.45 ( 10-11
	3.42 ( 10-11
	4.04 ( 10-11

	1000
	4.92 ( 10-11
	3.56 ( 10-11
	2.39 ( 10-11
	1.81 ( 10-11
	4.20 ( 10-11
	4.91 ( 10-11

	1500
	1.11 ( 10-10
	8.67 ( 10-11
	5.41 ( 10-11
	4.38 ( 10-11
	9.79 ( 10-11
	1.10 ( 10-10


 a) k*(HCDO+OH) = k*(DCHO+OH) + k*(HCDO+OH).
Kinetic isotope effect calculated for the different isotopomers of HCHO.

	T
	k*(HCHO+OH)/
	k*(HCHO+OH)/
	k*(HCHO+OH)/

	(K)
	k*(DCDO+OH)
	k*(HCDO+OH) 
	k*(H13CHO+OH)

	200
	2.00
	1.35
	1.00

	250
	1.98
	1.35
	1.00

	300
	1.93
	1.34
	1.00

	350
	1.87
	1.32
	1.00

	400
	1.81
	1.31
	1.00

	450
	1.75
	1.29
	1.00

	500
	1.69
	1.28
	1.00

	600
	1.60
	1.25
	1.00

	700
	1.52
	1.22
	1.00

	800
	1.46
	1.20
	1.00

	900
	1.42
	1.18
	1.00

	1000
	1.38
	1.17
	1.00

	1500
	1.27
	1.13
	1.00


The limiting high-pressure, and low-pressure rate coefficient for formation of the Pre-Reaction Adduct.

	T
	kadd,( a) 
	
[image: image7.wmf]SC

,

add

k

0

/[He] b) 
	
[image: image8.wmf]SC

,

add

k

0

(pHe=1bar)

	(K)
	cm3molecule-1s-1
	cm6molecule-2s-1
	cm3molecule-1s-1

	200
	7.78 ( 10-11
	6.97 ( 10-31
	2.52 ( 10-11

	250
	8.43 ( 10-11
	4.26 ( 10-31
	1.23 ( 10-11

	300
	9.01 ( 10-11
	2.98 ( 10-31
	7.20 ( 10-12

	350
	9.57 ( 10-11
	2.23 ( 10-31
	4.61 ( 10-12

	400
	1.01 ( 10-10
	1.74 ( 10-31
	3.16 ( 10-12

	450
	1.07 ( 10-10
	1.41 ( 10-31
	2.27 ( 10-12

	500
	1.13 ( 10-10
	1.17 ( 10-31
	1.70 ( 10-12

	600
	1.25 ( 10-10
	8.64 ( 10-32
	1.04 ( 10-12

	700
	1.37 ( 10-10
	6.77 ( 10-32
	7.01 ( 10-13

	800
	1.51 ( 10-10
	5.59 ( 10-32
	5.06 ( 10-13

	900
	1.65 ( 10-10
	4.82 ( 10-32
	3.88 ( 10-13

	1000
	1.79 ( 10-10
	4.30 ( 10-32
	3.12 ( 10-13

	1500
	2.62 ( 10-10
	3.59 ( 10-32
	1.74 ( 10-13


 a) Calculated with the internal parameters of  = 1.96 Å-1 and  = 4.26 Å-1. 

 b) Calculated with the Lennard-Jones parameters of the Pre-Reaction Adduct of   = 4.5 Å and /kB = 500 K.

The rate coefficients for the CH3CHO + OH reaction system calculated for the different isotopomers.

a) CH3CHO + OH       

	T
	k*(Hald) a) 
	kass,( b) 
	
[image: image9.wmf]SC

,

ass

k

0

/[He] c) 
	c d) 
	kadd,0/[He]
	kadd,0(pHe=1atm)
	kadd(pHe=1atm)e) 
	koverall(1atm) f) 

	(K)
	cm3molecule-1s-1
	cm3molecule-1s-1
	cm6molecule-2s-1
	
	cm6molecule-2s-1
	cm3molecule-1s-1
	cm3molecule-1s-1
	cm3molecule-1s-1

	200
	3.21 ( 10-12
	1.10 ( 10-10
	4.09 ( 10-30
	0.3982
	1.63 ( 10-30
	5.89 ( 10-11
	3.42 ( 10-11
	3.74 ( 10-11

	250
	3.46 ( 10-12
	1.18 ( 10-10
	2.22 ( 10-30
	0.3346
	7.43 ( 10-31
	2.15 ( 10-11
	1.67 ( 10-11
	2.01 ( 10-11

	300
	3.77 ( 10-12
	1.24 ( 10-10
	1.36 ( 10-30
	0.2829
	3.84 ( 10-31
	9.25 ( 10-12
	8.08 ( 10-12
	1.18 ( 10-11

	350
	4.12 ( 10-12
	1.31 ( 10-10
	8.70 ( 10-31
	0.2398
	2.09 ( 10-31
	4.32 ( 10-12
	3.98 ( 10-12
	8.10 ( 10-12

	400
	4.50 ( 10-12
	1.37 ( 10-10
	5.81 ( 10-31
	0.2032
	1.18 ( 10-31
	2.14 ( 10-12
	2.02 ( 10-12
	6.52 ( 10-12

	450
	4.90 ( 10-12
	1.43 ( 10-10
	4.00 ( 10-31
	0.1719
	6.86 ( 10-32
	1.10 ( 10-12
	1.06 ( 10-12
	5.96 ( 10-12

	500
	5.35 ( 10-12
	1.49 ( 10-10
	2.82 ( 10-31
	0.1448
	4.08 ( 10-32
	5.90 ( 10-13
	5.69 ( 10-13
	5.92 ( 10-12

	600
	6.33 ( 10-12
	1.63 ( 10-10
	1.50 ( 10-31
	0.1007
	1.51 ( 10-32
	1.82 ( 10-13
	1.77 ( 10-13
	6.51 ( 10-12

	700
	7.45 ( 10-12
	1.76 ( 10-10
	8.77 ( 10-32
	0.0674
	5.92 ( 10-33
	6.12 ( 10-14
	5.96 ( 10-14
	7.51 ( 10-12

	800
	8.73 ( 10-12
	1.91 ( 10-10
	5.60 ( 10-32
	0.0431
	2.41 ( 10-33
	2.18 ( 10-14
	2.13 ( 10-14
	8.75 ( 10-12

	900
	1.02 ( 10-11
	2.06 ( 10-10
	3.91 ( 10-32
	0.0261
	1.02 ( 10-33
	8.22 ( 10-15
	8.00 ( 10-15
	1.02 ( 10-11

	1000
	1.18 ( 10-11
	2.22 ( 10-10
	2.96 ( 10-32
	0.0151
	4.48 ( 10-34
	3.23 ( 10-15
	3.14 ( 10-15
	1.18 ( 10-11


a) from Eq. (4) with the internal parameters of  = 1.96 Å-1 and  = 4.27 Å-1.  
 b) with the internal parameters of  = 1.97 Å-1 and  = 4.26 Å-1. 
 c) with the Lennard-Jones parameters of the Pre-Reaction Adduct of  = 5.5 Å and /kB = 500 K.

 d) calculated for the average energy transferred per collision, -<E>He = 200 cm-1.
 e) kass(pHe=1atm) calculated from the fall-off equation for the pressure of Helium of 1 bar.
 f) calculated as the sum of k* + kass(pHe=1atm)
b) CD3CDO + OH       

	T
	k*(Dald) a) 
	
[image: image10.wmf]SC

,

add

k

0

/[He] c) 
	c d) 
	kadd,0/[He]
	kadd,0(pHe=1atm)
	koverall(1atm)  g) 

	(K)
	cm3molecule-1s-1
	cm6molecule-2s-1
	
	cm6molecule-2s-1
	cm3molecule-1s-1
	cm3molecule-1s-1

	200
	2.45 ( 10-12
	3.79 ( 10-30
	0.3982
	1.51 ( 10-30
	5.70 ( 10-11
	5.95 ( 10-11

	250
	2.45 ( 10-12
	2.10 ( 10-30
	0.3346
	7.01 ( 10-31
	1.97 ( 10-11
	2.22 ( 10-11

	300
	2.51 ( 10-12
	1.30 ( 10-30
	0.2829
	3.66 ( 10-31
	8.10 ( 10-12
	1.06 ( 10-11

	350
	2.64 ( 10-12
	8.38 ( 10-31
	0.2398
	2.00 ( 10-31
	3.60 ( 10-12
	6.24 ( 10-12

	400
	2.80 ( 10-12
	5.63 ( 10-31
	0.2032
	1.14 ( 10-31
	1.69 ( 10-12
	4.49 ( 10-12

	450
	3.00 ( 10-12
	3.89 ( 10-31
	0.1719
	6.68 ( 10-32
	8.35 ( 10-13
	3.84 ( 10-12

	500
	3.23 ( 10-12
	2.76 ( 10-31
	0.1448
	3.98 ( 10-32
	4.30 ( 10-13
	3.66 ( 10-12

	600
	3.77 ( 10-12
	1.48 ( 10-31
	0.1007
	1.49 ( 10-32
	1.26 ( 10-13
	3.90 ( 10-12

	700
	4.44 ( 10-12
	8.65 ( 10-32
	0.0674
	5.83 ( 10-33
	4.18 ( 10-14
	4.48 ( 10-12

	800
	5.27 ( 10-12
	5.54 ( 10-32
	0.0431
	2.39 ( 10-33
	1.52 ( 10-14
	5.29 ( 10-12

	900
	6.15 ( 10-12
	3.88 ( 10-32
	0.0261
	1.01 ( 10-33
	5.95 ( 10-15
	6.16 ( 10-12

	1000
	7.25 ( 10-12
	2.94 ( 10-32
	0.0151
	4.44 ( 10-34
	2.48 ( 10-15
	7.25 ( 10-12


a) from Eq. (4) with the internal parameters of  = 1.96 Å-1 and  = 4.27 Å-1.  
 b) with the internal parameters of  = 1.97 Å-1 and  = 4.26 Å-1. 
d) calculated for the average energy transferred per collision, -<E>He = 200 cm-1.
g) calculated as the sum of k* + kass,0(pHe=1atm)
c) CD3CHO + OH       

	T
	k*(Hald) a) 
	
[image: image11.wmf]SC

,

add

k

0

/[He] c) 
	c d) 
	kadd,0/[He]
	kadd,0(pHe=1atm)
	koverall(1atm)  g) 

	(K)
	cm3molecule-1s-1
	cm6molecule-2s-1
	
	cm6molecule-2s-1
	cm3molecule-1s-1
	cm3molecule-1s-1

	200
	3.21 ( 10-12
	4.01 ( 10-30
	0.3982
	1.60 ( 10-30
	5.66 ( 10-11
	5.99 ( 10-11

	250
	3.38 ( 10-12
	2.18 ( 10-30
	0.3346
	7.32 ( 10-31
	1.99 ( 10-11
	2.33 ( 10-11

	300
	3.59 ( 10-12
	1.34 ( 10-30
	0.2829
	3.79 ( 10-31
	8.27 ( 10-12
	1.19 ( 10-11

	350
	3.84 ( 10-12
	8.63 ( 10-31
	0.2398
	2.06 ( 10-31
	3.71 ( 10-12
	7.55 ( 10-12

	400
	4.12 ( 10-12
	5.77 ( 10-31
	0.2032
	1.17 ( 10-31
	1.76 ( 10-12
	5.88 ( 10-12

	450
	4.42 ( 10-12
	3.97 ( 10-31
	0.1719
	6.83 ( 10-31
	8.82 ( 10-13
	5.30 ( 10-12

	500
	4.76 ( 10-12
	2.81 ( 10-31
	0.1448
	4.07 ( 10-32
	4.57 ( 10-13
	5.22 ( 10-12

	600
	5.54 ( 10-12
	1.50 ( 10-31
	0.1007
	1.50 ( 10-32
	1.36 ( 10-13
	5.68 ( 10-12

	700
	6.45 ( 10-12
	8.75 ( 10-32
	0.0674
	5.90 ( 10-33
	4.49 ( 10-14
	6.49 ( 10-12

	800
	7.51 ( 10-12
	5.59 ( 10-32
	0.0431
	2.41 ( 10-33
	1.62 ( 10-14
	7.53 ( 10-12

	900
	8.72 ( 10-12
	3.91 ( 10-32
	0.0261
	1.02 ( 10-33
	6.28 ( 10-15
	8.73 ( 10-12

	1000
	1.01 ( 10-11
	2.96 ( 10-32
	0.0151
	4.48 ( 10-34
	2.56 ( 10-15
	1.01 ( 10-11


a) from Eq. (4) with the internal parameters of  = 1.96 Å-1 and  = 4.27 Å-1.  
c) with the Lennard-Jones parameters of the Pre-Reaction Adduct of  = 5.5 Å and /kB = 500 K.

 d) calculated for the average energy transferred per collision, -<E>He = 200 cm-1.
g) calculated as the sum of k* + kass,0(pHe=1atm)
d) CH3CDO + OH       

	T
	k*(Dald) a) 
	
[image: image12.wmf]SC

,

add

k

0

/[He] c) 
	c d) 
	kadd,0/[He]
	kadd,0(pHe=1atm)
	koverall(1atm)  g) 

	(K)
	cm3molecule-1s-1
	cm6molecule-2s-1
	
	cm6molecule-2s-1
	cm3molecule-1s-1
	cm3molecule-1s-1

	200
	2.54 ( 10-12
	3.86 ( 10-30
	0.3982
	1.54 ( 10-30
	5.84 ( 10-11
	6.10 ( 10-11

	250
	2.59 ( 10-12
	2.12 ( 10-30
	0.3346
	7.12 ( 10-31
	2.10 ( 10-11
	2.36 ( 10-11

	300
	2.70 ( 10-12
	1.31 ( 10-30
	0.2829
	3.71 ( 10-31
	9.01 ( 10-12
	1.17 ( 10-11

	350
	2.87 ( 10-12
	8.45 ( 10-31
	0.2398
	2.03 ( 10-31
	4.14 ( 10-12
	7.01 ( 10-12

	400
	3.08 ( 10-12
	5.66 ( 10-31
	0.2032
	1.15 ( 10-31
	2.02 ( 10-12
	5.10 ( 10-12

	450
	3.33 ( 10-12
	3.91 ( 10-31
	0.1719
	6.72 ( 10-32
	1.03 ( 10-12
	4.36 ( 10-12

	500
	3.61 ( 10-12
	2.77 ( 10-31
	0.1448
	4.01 ( 10-32
	5.45 ( 10-13
	4.15 ( 10-12

	600
	4.28 ( 10-12
	1.48 ( 10-31
	0.1007
	1.49 ( 10-32
	1.67 ( 10-13
	4.45 ( 10-12

	700
	5.10 ( 10-12
	8.66 ( 10-32
	0.0674
	5.84 ( 10-33
	5.51 ( 10-14
	5.16 ( 10-12

	800
	6.05 ( 10-12
	5.56 ( 10-32
	0.0431
	2.39 ( 10-33
	1.97 ( 10-14
	6.07 ( 10-12

	900
	7.15 ( 10-12
	3.88 ( 10-32
	0.0261
	1.01 ( 10-33
	7.42 ( 10-15
	7.16 ( 10-12

	1000
	8.41 ( 10-12
	2.94 ( 10-32
	0.0151
	4.44 ( 10-34
	2.94 ( 10-15
	8.41 ( 10-12


 a) from Eq. (4) with the internal parameters of  = 1.96 Å-1 and  = 4.27 Å-1.  
 b) with the internal parameters of  = 1.97 Å-1 and  = 4.26 Å-1. 
 c) with the Lennard-Jones parameters of the Pre-Reaction Adduct of  = 5.5 Å and /kB = 500 K.

 d) calculated for the average energy transferred per collision, -<E>He = 200 cm-1.
 e) kass(pHe=1atm) calculated from the fall-off equation for the pressure of Helium of 1 bar.
 f) calculated as the sum of k* + kass(pHe=1atm)
 g) calculated as the sum of k* + kass,0(pHe=1atm)
Kinetic isotope effect calculated for the different isotopomers of CH3CHO. a)
	T
	k*(CH3CHO+OH)/
	k*(CH3CHO+OH)/
	k*(CH3CHO+OH)/

	(K)
	k*(CD3CDO+OH)
	k*(CD3CHO+OH)
	k*(CH3CDO+OH)

	300
	1.50
	1.05
	1.40

	400
	1.60
	1.09
	1.46

	500
	1.66
	1.12
	1.48

	600
	1.68
	1.14
	1.48

	700
	1.68
	1.16
	1.46

	800
	1.66
	1.16
	1.44

	900
	1.66
	1.17
	1.43

	1000
	1.63
	1.17
	1.40


 a) From calculated values of k*.
-3-
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