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Abstract � Fo llow ing a selected ion flow tube mass spectr ometr y ( SIFT�M S) , analysis of the headspace of a

commercial available nail polish remover pad in which ��butyr olactone ( GBL ) and 2�but oxy�1�et hanol w ere

found to be the major vo latiles, a study of the reactions o f H3O + , NO + and O+ �
2 io ns w ith nine alkoxy alco�

ho ls ( R1  O  R2OH ) w as car ried out using selected ion flow tube( SIFT ) at a carr ier gas ( helium) pressure o f

9� 3 ! 101 Pa� Experiments wer e also per formed at var ious car rier gas pressur es ( 4 ! 101�1� 1 ! 102 Pa ) for

some reactions and under mo ist air condition� T he number and distr ibution of the hydrates for the pr oduct ions

were used to identify t heir structur es and to invest igate reaction mechanisms� T he H 3O+ r eactions pr oceed via

nascent ion�mo lecule complex ( H3O + �M ) * , then produce R1  O  R2OH� H+ , ( R1  O  R2 ) + ,

HOR2OH�H + and R 2 O�H+ ions through var ious channels� Simila rly, via a nascent complex

( NO+ �M ) * , NO +� M , (M  H ) + and ( M  ROH) + io ns were produced in t he NO+ r eactions� The co llisions

betw een the nascent complexes ( H 3O +� M ) * and ( NO+� M ) * w ith a thir d body ( H e, N 2 and O 2 et c) have in�

fluence on the pr oduct ion distr ibut ions� The O+ �
2 r eactions produce mainly disso ciative pr oduct ions and it is

uncertain w het her they pro ceed v ia the nascent ion�molecule complex ( O+ �
2 � M ) * � T his study provides r ate

coefficients and product ions in the SIFT�MS database for the analysis of these compounds in normal and humid

air samples� It will be furt her utilised into addict ion and drug abuse, respir ator y medicine and other research

areas using SIFT�M S�
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1 � Int roduction

� � Alkoxy a lcohols ( R1  O  R2OH ) have bot h  C  O  

C and  OH functional g roups in their str uctures� Nine of

them are included in this st udy:

2�Methoxyethanol( ME, CH 3OCH 2CH 2OH ) ,

2�Ethoxyethanol( EE, CH3CH 2OCH2CH2OH) ,

1�Methoxy�2�propanol( MP , CH3OCH2CH( CH3 ) OH ) ,

3�Methoxy�1�butanol ( MB, CH 3OCH ( CH 3 )

( CH2 ) 2OH ) ,

2�P ropoxyet hanol( PE, CH3 ( CH 2 ) 2OCH 2CH 2OH ) ,

2�Isopr opoxyethano l( IPE, ( CH3 ) 2CHOCH 2CH 2OH ) ,

3�Ethoxy�1� propano l( EP, CH 3CH 2O( CH 2 ) 3OH) ,

2�Butoxy�1�ethano l( BE, CH 3( CH2 ) 3O( CH 2 ) 2OH ) ,

1�Propoxy�2�propano l( PP , CH3 ( CH2 ) 2OCH 2CH ( CH3 )

OH)�

Some o f them, M E, EE, MP, PE and BE belong to a

family of glycol ether compounds which a re w idely used as

industr ial so lv ents due to their physical pr operties and chemi�
cal character istics� They can ent er human body v ia inhalat ion

o f their vapours in the air and can rapidly abso rbed into the

body through skin contact� Some of them have adverse effects

on human repr oductiv e sy stems; damage r ed blo od cells and

the bone marr ow ; intox icate nerv ous sy stem and cause ir rita�

tio n to eyes, skin, nose and thro at� In rats, it has been



show n that the major ity o f t he inhaled BE w as eliminated in

the urine and a small pr opor tion ( 5%�8% ) of the r etained BE

was exhaled as CO2 and most ( g reater than 80% ) of the BE

der ived material in blood w as in the plasma[1]� Further, EE,

ME and BE were found to be ext remely accumulated as long

as only v ery low levels of ethanol ar e present in blood [ 2]� This

is impo rtant in the metabo lic pathw ays since alcohol, as one

of the most popular consumer pr oducts, is no t only commonly

involved with addiction and drug abuses [ 3] , but also a com�
mon metabolite produced by bacteria t hat can colonised in t he

body [4]�
Chemical ionisation methods invo lv ing ∀ soft ionization#

of g ases [5] coupled with mass spectrometry , such as the pro�
to n transfer r eaction mass spectromet ry ( PTR�MS ) [6] and

negative ions used in chemical ionisat ion mass spect rometr y

( CIMS) [ 7] are very useful in detecting gaseous compounds and

studying reaction mechanisms�
Selected ion f low t ube mass spect romet ry ( SIFT�M S) [ 8]

was developed from selected ion flow tube technique[ 9] in com�
bination w ith chemical ionisation� It allow s the identification

and accurat e quantification of a w ide range of volatile o rganic

compounds ( VOCs ) and some inor ganic compounds using

pr ecur so r ions ( H3O
+ , NO+ and O+ �

2 ) [ 8]� Real t ime analy�
ses of ambient a ir, sing le exhalat ions o f breath, and the head�

space above liquids such as ur ine, blood, cell cultures, bacte�
r ial cultur e and oil, can be achieved [3, 4, 8�16]� Combined w ith

flow ing afterg low mass spectr ometr y ( FA�MS ) , it has been

used t o study the metabolism of ethanol in the body[ 17]�

Recently, SIFT�MS has been applied int o addiction

research [3]� The headspace vapour of a commercially available

GBL sample ( acetone fr ee nail po lish r emover pad) , which is

used as a sour ce o f GBL by drug users, w as analysed by

SIFT�MS [ 3]� Notably , high quantities of 2�butoxy�1�ethano l
as w ell as GBL were detected in the vapour[ 3] � This has

pr ompted us to invest igat e the ion chemistr y of GBL [ 16] ,

2�buto xy1�ethanol and other compounds in the same family

studied in this paper� This will pro vide the r equired rate coef�

ficients and product ions fo r t he analysis of these compounds

in normal and humid air samples using SIFT�MS, also give an

oppo rtunity to investigate the ion molecule r eaction mecha�
nisms of H 3O+ , NO+ and O + �

2 with these compounds�

2 � Experimental

� � Using SIFT technique to obtain r ate coefficients and

product ion dist ributions o f ion�mo lecule r eact ions has been

described prev iously in details[ 8, 9]� The collisional r ate coeffi�

cients ( k c) w ere calculated using the pa rameterised tr ajector y

formulation [ 18] � The polarisabilities: 8, 10, 12 and 14

( ! 10- 24 cm3 ) for C3, C4, C5 and C6 alkoxy alcoho ls and

their dipo le moment: 1� 6 Debye w ere estimated fr om data of

similar compounds [ 19]� Experiments wer e carr ied out at a heli�

um car rier g as pressur e o f 9� 3 ! 101 Pa at ro om temperature

( 296 to 300 K ) under three conditions: ( i) helium/ dry air;

( ii) labo rato ry air ( relativ e humidit y ~ 1� 5% by volume ) ;

and ( iii) humid air ( r elativ e humidit y ~ 6% ) [ 8, 15] � Three�
body asso ciation rate coefficients, k3b, ( unit: 10- 28 cm6 �

s- 1 ) for fo rmation o f hydr ates fr om the product ions can be

obtained [8, 20]� Exper iments wer e also perfo rmed at var ious

flow tube pressur es betw een 4 ! 101�1� 1 ! 102 Pa� T hese can

pro vide valuable info rmation and under standing of t he ion

chemistry reaction mechanisms[ 20]� All compounds ( > 97% )

w ere obtained from Sigma A ldr ich� The instr ument used was

the SIFT�MS Mk1 machine at Keele[ 20]�

3 � Result s and Discussion

3� 1 � General Comments

T hese reactions all proceed at the calculated collisional

r ates[ 18] , i� e� ( 2� 8 ∃ 0� 1) , ( 2� 3 ∃ 0� 1) and ( 2� 3 ∃ 0� 1) !
10- 9 cm3 � s- 1 fo r t he H 3O+ , NO+ and O+ �

2 r eactions� The

product ion distr ibutions a re list ed in Table 1�
3� 2 � H3O+ Reactions

In gener al, the alkoxy compounds r eact w ith H3O+ via

nascent ion�mo lecule com plex ( H 3O
+� R1  O  R2OH ) * then

produce R1  O  R2OH� H + , ( R1  O  R2 ) + ,

( R2 O� H ) + and HOR2OH +
2 io ns through var ious chan�

nels after co llisions w ith a thir d body as proposed in Scheme

1�

In channel ( 1a ) , R1  O  R2  OH�H + is pr oduced�
T here are tw o possibilities of the locations of the pro ton, one

is at the oxygen atom on the C  O  C structur e, as in the

r eact ion of ether s [21] ; the ot her is on the  OH group as in

the reaction of alcoho ls [20, 22]� Therefo re, in the ( H 3O+� M ) *

ion�molecule complex the H 3O+ ion can interact w ith the

alkoxy alcoho l at either the C  O  C or t he C  OH group,

and the complex will fur ther go into r eact ion channels ( 1a,

1b, 1c, 1d) after co llisions with a thir d body as we have seen

in a prev ious experiment [ 20]� I n channel ( 1a) a H 2O mo lecule

w as lo st f rom the complex and R1  O  R2  OH� H+ is pro�

duced as the final pr oduct�
Scheme 1

H 3O
+ + R1  O  R2  OH+ X

% ( H3O +� R1  O  R2  OH) * + X

% R1  O  R2  OH� H+ + H2O+ X ( 1a)

% ( R1  O  R2 ) + + 2H2O+ X ( 1b)

% HO  R2  OH� H + + R1OH+ X ( 1c)

% R2 O� H++ R 1OH + H2O + X ( 1d)

X = H e, N 2 , O 2 etc�

In channel ( 1b) , the  OH group is lost from the mole�
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cules and two water mo lecules are produced. This is ver y

common in the reaction of a lcohols[ 22]�

In channel ( 1c ) , H O  R2  OH� H + io ns w ere

pr oduced� This ion can only be produced thr ough the inter ac�

t ion of H 3O
+ w ith the compounds at the st ructur e of R1  

O  R2 v ia a nascent ( H3O
+ � R1  O  R2  OH ) * ion�mole�

cule complex� No tably, this type of the product ion was pro�

duced in the reactions of three of the four alkoxy ethano ls� Its

fraction in the final product y ields incr eases w ith the number

of carbons in the alkoxy gr oup w ith 2�methoxyethanol, w hich

has the low est number of carbon atoms, the only exception

which does not pr oduce this type of pr oduct� The mechanism

of this channel could also be used to explain some reactions of

et her s[ 21]� e� g� C3H7OH+
2 w as produced in the r eaction of

C3H 7OC3H7 w ith H 3O+ and t he neutr al product w as pro�

posed to be C3H 6+ H2O ( exothermic by ~ 12 kcal� mo l- 1 )�

Using the mechanism propo sed in channel ( 1c) the neutr al

pr oduct ion is C3H 7OH ( exothermic by ~ 20 kcal � mo l- 1 )

and fewer steps w ill be involved to produce the final pr oducts�
In channel ( 1d) , R2 O� H+ io ns are produced� There

are tw o po ssible str uctur es for t he ( ROH ) + ion: one is t he

carbonium cation w hich has the char ge on the end carbon of

R; t he o ther has the char ge on hydrogen atom on t he

C O� H+ str ucture w hich is like the pr otonated aldehyde

or ket ones� As can be seen fr om 2�emthoxyethanol, 1�me�
tho xypr opano l, 3�et hoxy�1�propnao l and 1�propoxy�2�pro�

panol reactions, the later str ucture should be the product ion

since it has multiple water clust ers like a pro tonated aldehyde

or ketones when there is mo isture ar ound [8, 15] , whereas car�
bonium cation do not form w ater cluster easily under t he pres�

ent SIFT�MS experimental condit ions[ 23]� There are two po s�
sible pathw ays to pr oduce this pr oduct: one is fir stly by

br eaking up o f the bond betw een the R1O  and the  R2OH

group, then produces R2 O� H+ through isomerisat ion;

the o ther is t hr ough the pr oduct ions in channel ( 1c) , ( H O  

R2  OH 2)
+ , which like pro tonated dio ls that are known to

be able to fur ther lose a H2O molecule to produce

R O� H+ io ns[ 24]� Notably, channels ( 1c) and ( 1d) r arely

ex ist to gether in the r eact ions betw een H3O
+ and these com�

pounds w ith 2�ethoxyethanol the only except ion�

The influence o f the third body ( H e, N2 and O2 ) has

been st udied by va ry ing the flow tube pressure under the heli�

um/ dry air condition� In F ig� 1, it can be seen that at low

pressure, C3H 8O2H + ( m/ z 77 ) dominates, the other tw o

product ions C3H 7O
+ ( m/ z 59) and C2H5O

+ ( m/ z 45) w ere

elevated with t he increased flow tube pressur e� This observ a�

t ion agr ees w ith phenomenon seen in a r ecent exper iment on

the propano l isomer s [20] in which the reactions firstly pr oceed

through a nascent ion�mo lecule complex ( H 3O
+ � M ) * , then

w ith furt her collisions w ith a third body , t he pr oduction of

MH + , fragment ions like [ M  OH ] + and other product ions

ar e pr omo ted [ 20]�

Fig� 1 � The product ion distributions ( & �m/ z 45, ∋�m/ z 59,

(�m/ z 77 ) for the reaction of H3O+ with 2�me�
thoxyethanol at various flow tube pressures

3� 3 � NO+ Reactions

NO + reacts with alkoxy alcohols thr ough channels as

propo sed in Scheme 2�

Channel ( 2a ) only ex ists in the reactions o f 2�me�
thoxyethanol� This t ype of r eaction is known to pr oceed via

nascent ion�molecule complex ( NO + � M ) * and facilitat ed by

furt her co llisions w ith a thir d body[ 8, 15, 25]� As expected, the

fr action fr om this channel increased w hen the lab air is int ro�

duced int o the flow tube, see T able 1�
Scheme 2

NO + + R1  O  R2  OH + X %
( NO+� R1  O  R 2  OH ) * + X % NO +� M+ X ( 2a)

% ( M  H) + + H NO+ X ( 2b)

% ( M  ROH) + + ( R) ONO) + X ( 2c)

M= R1  O  R2  OH ; X= He, N2 , O2 etc�
Channel ( 2b) is the major channel and ex ists in the r eac�

tio ns of all nine compounds� The hydr ide ion H - could be

abstracted from eit her t he carbon on the C  O  C structure

o r fr om the carbon on the C  OH structure� Under moist air

conditions, the former pr oduct ions ( carbonium ions) w ill no t

fo rm w ater cluster ions but the latter ( w hich could be rear�

ranged into C O� H+
[ 20]

) w ill fo rm w ater cluster�

T herefore, in the reactions of 2�methoxyethano l, 1�methoxy�

2�propanol and 3�et hoxy�1�propnanol, (M  H ) + product ions

fo rm signif icant water cluster s and could be formed by

abstracting H- f rom the carbon on C  OH� The ( M  H ) +

in the r eactions o f five other alkoxy alcoho ls are mostly domi�

nated by the ca rbonium ions w hile in case o f 2�ethoxyethanol,
it is possible that bo th t ype o f ions ex ist� For details see

T able 1�

Channel ( 2c) ex ists in the r eact ion of 3�methoxy�1�buta�
nol in w hich  ROH group is connected to a secondar y carbon
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in the carbon chain, and f inally r esults in the br eaking up of

the bond bet ween this secondary carbon and t he  ROH

group� T he minor product ions in 2�buto xy�1�ethanol and

2�methoxyethano l are also produced v ia t his channel� Fo r

details see Table 1�

Table 1� The product ion distributions ( rounded to the nearest 5%) from the H3O
+ and NO+ reactions.

The estimated absolute and relative errors are ∃ 25% and ∃ 15%, respectively

Molecule H 3O
+ product p ∗m∗ d( ∗ t ) a k3b/ ( 10

- 28 cm6 � s- 1) NO+ product p∗m ∗ d k3b/ ( 10
- 28 cm 6 � s- 1 )

M E C3H 8 O2H
+ ( 45) 5∗ 75 ∗ 20 33� 3 C3H 7O

+
2 ( 95) d 20∗ 25∗ 55 24� 4

IE= 10� 13 eV[ 27] C3H 7O
+ ( 45) 90∗ 10∗ 0 < 1� 6 NO+ C3H 8 O2( 5)

d

C2H 5O+ ( 10) 55∗ 25∗ 20( ∗ 0c ) 5� 9

EE C4H 10O2 H+ ( 55) 15∗ 80∗ 5 22� 6 C4 H 9O+
2 ( 100) 90 ∗ 10 ∗ 0c < 1� 3

IE= 9� 6~ 9� 97 eV[ 27] C4H 9O+ ( 30) 100 ∗ 0∗ 0 < 0� 1

C2H 7 O+
2 ( 10) bC2H 5O+ ( 5) b

MP C4H 9O+ ( 90) 100 ∗ 0∗ 0 < 0� 1 C4 H 9O+
2 ( 100) 75∗ 20∗ 5 2� 4

IE= 9� 6 or 9� 96 eV[ 27] C3 H 7O+ ( 5) 25∗ 15∗ 25( ∗ 35) 13� 7

C4 H 10 O2H + ( 5) 10 ∗ 90 ∗ 0c 23� 4

MB C5H 12O2 H+ ( 75) 95∗ 5 ∗ 0 < 0� 6 C5 H 11 O+
2 ( 85) e 100∗ 0c ∗ 0 < 0� 1

C5H 11O+ ( 25) b C3H 7 O+ ( 15) e 95 ∗ 5∗ 0 < 0� 5

PE C5H 12O2 H+ ( 55) 20∗ 75∗ 5 17� 7 C5 H 11 O+
2 ( 100) 95∗ 5 ∗ 0c < 0� 5

C2H 7O+
2 ( 40) 10 ∗ 25 ∗ 65 26� 1

C5 H 11 O
+ ( 5) b

IPE C2H 7 O2
+ ( 90) 5∗ 25 ∗ 70 47� 0 C5 H 11 O

+
2 ( 100) 95∗ 5 ∗ 0c < 0� 8

C5H 12O2 H
+ ( 10) 55∗ 40∗ 5 6� 0

EP C5H 12O2 H
+ ( 80) 95∗ 5 ∗ 0 < 0� 9 C5 H 11 O

+
2 ( 100) 65 ∗ 35 ∗ 0c 5� 6

C5H 11O
+ ( 15) b

C3 H 7O+ ( 5) 20 ∗ 70 ∗ 10 < 1� 6

BE C2H 7O+
2 ( 40) 5∗ 15∗ 75( ∗ 5) 56� 1 C6H 13O+

2 ( 85) 100 ∗ 0∗ 0 < 0� 5

C6H 14O2 H+ ( 60) 30 ∗ 70 17� 6 C2H 5O+ ( 5) C2 H 5O+
2 ( 5)

C4H 9 O+ ( 5)

PP C6 H 13 O+ ( 50) 100 ∗ 0∗ 0 < 0� 1 C3H 7 O+ ( 5)

C3H 7O+ ( 30) 0c∗ 70∗ 30 62� 5 C6 H 13 O2( 95) 100∗ 0c ∗ 0 < 0� 2

C6H 14O2 H+ ( 20) 65∗ 35∗ 0 4� 3

a) p= product; m , d, t= mono�, di� and tr i�hydrat es; b) The hydrates for t hese ions are uncertain; c) Fractions < 2% ; d) In moist air, t he fract ion of

NO+ M increased to 15% ; e) T he hydride ion t ransfer product C5 H 11 O+
2 increases to 95% under lab air condit ion.

� � Notably , in the 2�methoxy�1�butanol r eact ion w ith

NO + , wher e both channels ( 2b) and ( 2c) ex ist, the fractions

of the pr oduct ion from hydr ide ion tr ansfer channel ( 2b )

incr eases when lab air is int roduced into the flow t ube ( see

Table 1 ) , indicat ing that component s o f air facilitates t he

hydr ide ion transfer channel� Combined with r eactions in

2�methoxyethanol when both asso ciation product ion and t he

hydr ide transfer product ions are formed, these results pro�
v ide ev idence that t he car rier gas and the components of air

are invo lv ed in this r eact ion via the nascent ion�mo lecule com�
plex ( NO +� M ) * as pr oposed in Scheme 2�

The general mechanism of this reaction�firstly a nascent

complex ( NO+ � M ) * was fo rmed then product ions w ere

formed v ia var ious channels after further collisions wit h a

third body�could be applied t o other similar r eactions: e� g� in

the H 2ONO + reaction w ith toluene ( C7H 8 ) [ 25] where the only

pr oduct ion is the parent cat ion C7H +
8 but the direct char ge

transfer r eact ion w as show n to be endot hermic by 0� 28

eV [25] . It w as propo sed that this was due to excited state

ions, and the components of air ( N 2 and O2 etc) w ere used t o

quench them but wit h litt le effect [ 25]� In fact this could mean

that either the components of a ir do not quench the excited

state ions efficiently or ther e were litt le excit ed state ions

present in the sy stem and other reaction mechanism ex ists� By

employing t he mechanism propo sed in this study, the

H 2ONO+ r eaction with t oluene w ill firstly fo rm an ion�mole�
cule complex ( H 2ONO + � C7H8 ) * , then underg oes fur ther

co llisions w ith a third body, since the mean cent re�of�mass

energ y o f the complex ion/ H e( or components in air) is typi�
cally~ 1�2 eV [25] , which could pro vides ex tra ener g y for the

r eact ion to g o through the charg e transfer channel

ex othermically�

3� 4 � O+ �
2 Reactions

O + �
2 reactions with alkoxy alcoho ls ( see T able 2)� result

most ly in various disso ciative pr oduct ions invo lv ing br eaking

the C  O  C, C  OH and C  C bonds in the st ructur es�
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Hydr ide ion transfer and charg e transfer pr oduct ions are usu�
ally in minor f ractions� Whether this reaction proceeds via t he

nascent ion�molecule complex ( O+ �
2 �M ) is still uncer tain�

Table 2� The product ion distributions ( rounded to

the nearest 5%) from the O+ �
2 reactions

Molecule � � � � O+ �
2 product

ME C2 H5 O
+ ( 90) C3H 6O

+ � ( 5) C3H 8 O
+ �
2 ( 5)

EE C3 H7 O
+ ( 85) C4H 8O

+ � ( 15)

MP C2 H5 O+ ( 65) C2H 7O+ ( 35)

MB C3 H7 O+ ( 90) C2H 3O+ ( 5) C4 H 9O+
2 ( 5)

PE C4 H9 O+ ( 85) C3H +
7 ( 10) C2 H 5O+ ( 5)

IP E C4 H9 O+ ( 55) C4H 9O+
2 ( 25) C3H +

7 ( 15) C3H 7 O+ ( 5)

EP C3 H6 O+ � ( 30) C3H 7 O+ ( 20)

C4 H7 O+ ( 20) C3H 7O+
2 ( 15) C2H 5 O+ ( 10) C5 H 10 O+ � ( 5)

BE C5 H11 O+ ( 50) C4 H 9O+ ( 10)

C4 H7 O+ ( 5) C4 H+
9 ( 30) C4H + �

8 ( 5)

P P C4 H9 O+ ( 65) C2H 5O+ ( 30) C4H 8 O+ � ( 5) C3 H7
+ ( 5)

4 � Concluding Remarks

� � The H 3O+ and NO + r eact ions pro ceed via nascent ion�

molecule complex ions ( H 3O+ � M ) * and ( NO + � M ) * then

after further co llisions w ith a third body ( e� g� H e, N 2 and

O2 ) , which prov ide some extr a ener gy ( 1�2 eV under v arious

conditions) fo r the r eactions, to pr oduce ions v ia various

channels� This reaction mechanism could be applied t o other

similar reactions such as H 2ONO + reaction with toluene in

w hich the parent cation is observ ed as the only product but

the dir ect char ge tr ansfer channel is endothermic by 0� 28

eV [25] and H 3O
+ with dipropyl ether[ 21] . Whether this mech�

anism applied to the r eact ions betw een H 3O
+ and NO+ and

o ther compounds still needs further st udy� The O+ �
2 r eact ion

w ith these compounds produce mainly dissociative product

ions and it is uncertain whether they pro ceed v ia the nascent

ion�molecule complex ( O+ �
2 � M ) * �

T he results fr om this study w ill be further applied int o

r esear ch fields such as addition�w here 4�buto xy�1�ethanol and

GBL fr om commercial available nail polish r emover pad are

know n to be ingested to gether by drug abuser s[ 3] ; respirat or y

medicine�where ther e is a case that the breath fr om a pat ient,

w ho is not drug abuser, smells like the nail polish remover

pad due to yet unknow n reasons [26] and other a reas� T hese

ev idences show [ 2, 3, 26] t hat compound like 4�butoxy�1�ethanol
could be used as a pot ential biomarker for monit or ing m isuse

o f and exposure to industr ial and commercial so lvents and

their metabo lism and effects in human being�
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H3O+ , NO+ 和 O+ �
2 离子同九种烷氧基醇化合物反应的研究

王天舒

In st itute of Science and T ech nology in Medicine, M edical Sch ool , Keele U niver sity,

Thorn burrow Drive, H art s hill, Stoke�on�T rent , ST 4 7QB, U� K�

摘 � 要 � 在用选择离子流动管质谱( SIFT�MS)分析常用指甲油清洗垫发现大量 4�丁酸内脂( ��butyr olactone,
GBL )和 2�丁氧基乙醇( 2�butoxy�1�ethano l)等挥发性气体后, 运用选择离子流动管( SIFT )对 H3O + , NO+ 和

O+ �
2 离子同九种烷氧基醇化合物 ( R1  O  R2OH )之间的反应进行了研究。获得了这些反应在潮湿空气条

件下进行的情况, 并运用产物离子水合物的种类和分布来确认产物离子的结构和反应机理。还研究了在不

同载气压力下进行的反应。结果表明, 这些化合物同 H 3O+ 和 NO+ 的反应都是先生成初生态离子�分子络合

物, ( H 3O+� M ) * 和( NO +� M ) * , 然后经不同反应渠道生成各种离子产物。这些初生态络合物同反应体系中

存在的气体分子(如氦气, 氮气和氧气分子)的碰撞对最终离子产物的形成和分布也有影响。这些化合物同

O+ �
2 反应会生成各种离解碎片离子, 但不能确定这些离子是否经由初生态络合物( O+ �

2 � M ) * 生成。该项研

究提供了用 SIFT�MS 在空气和潮湿气体中分析这些化合物所需的反应速率常数和离子产物等动力学数据,

并将进一步应用到药物成瘾及滥用和呼吸道疾病的诊断和分析等领域。

主题词 � SIFT ; SIFT�MS; 反应机理; 初生态离子�分子络合物; 挥发性气体 ; 生物标志物
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