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Ab stract: In the pres ent pa per we de scribe in de tail the de sign and con struc tion of a home built ion
mo bil ity spec trom e ter with co rona dis charge as an ion iza tion source. The ion mo bil ity spec tra have been
re corded us ing the co rona dis charge in two dif fer ent modes: i) chem i cal ion iza tion and ii) di rect
ion iza tion in the co rona dis charge. The chem i cal ion iza tion of the or ganic com pounds re sulted in less
frag mented ion mo bil ity spec tra in com par i son to the di rect ion iza tion of the com pounds in the co rona
dis charge. The mea sured pos i tive ion mo bil ity spec tra of sev eral or ganic com pounds in clud ing ac e tone,
meth a nol, eth a nol and ben zene are pre sented.

1. In tro duc tion

The Ion Mo bil ity Spec trom e try (IMS) is an ion sep a ra tion method, based on the phe nom e -
non that dif fer ent ions have dif fer ent drift ve loc i ties in an in ert drift gas and ho mo ge neous
elec tric field. The drift ve loc ity un der such con di tions is given by the for mula v K Ed = × ,
where K is the ion mo bil ity [V.s-1.m-2] and E is the in ten sity of the elec tric field. The ion
mo bil ity can be ex pressed also by the for mula:
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where ld  is the length of the drift tube and t d  is the drift time of the ions. As the mo bil ity de -
pends on the col li sions of the ions with the drift gas, it de pends also on the den sity of the
drift gas. There fore a cor rec tion to the stan dard con di tions (273oK, 101 kPa) is made and
the re sult ing value is re ported as the re duced mo bil ity K 0  given by for mula

K K
T

p
0

273

101
= × ×      (2)

The IMS tech nique has been de vel oped and in tro duced in 1970 [1, 2] un der the name
plasma chro ma tog ra phy. Since then a va ri ety of dif fer ent de vices work ing on this prin ci -
ple was de vel oped, mainly for de tec tion of drugs [3], ex plo sives and chem i cal weap ons

[4-6]. The ad van tages of the ion mo bil ity spec trom e try are the high sen si tiv ity, low cost,
small size and ab sence of the vac uum sys tem. Thanks to these prop er ties the IMS tech -
nique is widely used as an ex cel lent de tec tor for dan ger ous sub stances. In the 80’s a huge
prog ress was achieved in the field of the ion-mol e cule re ac tions at at mo spheric pres sure
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and the IMS was re dis cov ered as a pow er ful an a lyt i cal method [7, 8]. How ever, com mer -
cially used IMS were of ten sin gle pur pose only and they are not suit able for sci en tific
needs. Such an in stru ment has a low vari abil ity and its use is lim ited. For this rea son we
have de cided to de velop our ion mo bil ity spec trom e ter.

Gen erally, the IMS con sists of sev eral parts. It is the ion iza tion source, the re ac tion re -

gion, the shut ter grid and the drift tube. The most com mon ion iza tion source is 63Ni (b-ra -
di a tion) ra dio ac tive source, which is suit able for many ap pli ca tions be cause of its
sta bil ity, low cost and low weight. Un for tu nately, this source is ra dio ac tive and there is
ten dency to re place the ra dio ac tive source for en vi ron men tal rea sons. Sev eral ion iza tion
sources us ing the UV ion iza tion [9, 10], the multi-pho ton la ser ion iza tion [11], the
electrospray ion iza tion [12] or the co rona dis charge [13] were tested in the past. The co -
rona dis charge ion iza tion source was used for de tec tion of ar o matic com pounds and al -
kanes, which are not de tect able by con ven tional IMS. The ion iza tion ef fi ciency of such a
source is very high and it can by used for pro duc tion of both the pos i tive ions and the neg a -
tively charged ions. The co rona dis charge source can be op er ated in two ba sic modes.

In the first mode the sam ple gas is in tro duced di rectly into the co rona dis charge. The
di rect ion iza tion in the co rona dis charge, which in cludes such re ac tions like elec tron in -
duced ion iza tion, field ion iza tion by the high elec tric fields, elec tron at tach ment and sub -
se quent ion-mol e cule re ac tions, re sults in strong frag men ta tion of the mol e cules and
com pli cated IMS spec tra. If the ion iza tion source is work ing in the sec ond mode, the co -
rona dis charge burns in the drift gas (usu ally ni tro gen) and the pri mary ions are formed
from the work ing gas. The ion iza tion of the sam ple gas oc curs in a dif fer ent part in the re -
ac tion re gion.

The pri mary ions (usu ally NH4
+, H3O

+...) en ter the re ac tion re gion and take part in the
ion-mol e cule re ac tions with the sam ple gas. The ion iza tion of the sam ple gas pro ceeds via
pro ton trans fer re ac tions. This type of ion iza tion is called chem i cal or soft ion iza tion.

The pos i tive ions are mainly pro duced by the pro ton trans fer re ac tions de pend ing on the
pro ton af fin ity of the com pounds or by clus ter ing. In or der to pre dict the pos si ble prod ucts
of the re ac tions, it is nec es sary to iden tify the pri mary ions pro duced by the ion source with -

out pres ence of the sam ple. Sev eral works have been pub lished on this topic [14-16] and
the fol low ing ions H3O

+, H+·(H2O)n, NO+·(H2O)n a NH4
+·(H2O)n have been ob served us -

ing ni tro gen as the work ing gas. It is ex pected that the ion NH4
+ co mes from the im pu ri ties

in the ap pa ra tus.

2. Ex per i men tal setup

The ion source in the pres ent IMS is based on the co rona dis charge (Fig. 1) in point to
plane ge om e try. The dis charge cham ber is made of tef lon cyl in der with 50 mm in ner di -

am e ter. A grid in the form of par al lel tung sten wires (di am e ter 100 mm) with rel a tive dis -
tance of 1 mm rep re sents the plain elec trode of the co rona dis charge. The point elec trode

is made of tung sten wire (di am e ter 50 mm) which is mounted in a ce ramic tube lo cated in
the axis of the dis charge cham ber. The role of this tube is to hold the point elec trode in the
re quired po si tion and it also serves as a gas in let. The dis tance be tween the tip of the wire
and the plain elec trode can be ad justed by mov ing the ce ramic tube along the axis of the
dis charge cham ber.
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In or der to achieve the max i -
mal ion cur rent was the point to
plane dis tance var ied in the range

3-12 mm. In the pos i tive co rona
the max i mal cur rent was ob served 
at 4 mm point to plane dis tance
and the ig ni tion volt age was in the 

range 2-2.5 kV. The max i mal ion
cur rent is lim ited by the re com bi -
na tion of ions on the plane elec -
trode (co rona grid). The ra tio of
the ions caught by the grid to the
ions that pass the grid is pro por -
tional to the ra tio E E2 1/ , where 
E1  is the in ten sity of elec tric field
in the drift tube and E2  is the in -
ten sity of elec tric field in the dis -
charge cham ber.

The re ac tion re gion (Fig. 2)
con sists of sev eral par al lel ring
elec trodes, sep a rated by tef lon
seals. The length of the re ac tion re -
gion can be var ied, de pend ing on
num ber of used elec trodes. The
first elec trode in the re ac tion re -
gion is spe cially de signed and its
func tion is to avoid the dif fu sion of 
the sam ple gas into the dis charge
cham ber. Two ports for the gas in -
let and for the gas out let are built
into this elec trode. The rest of the
elec trodes has the stan dard di men -
sions iden ti cal with the elec trodes
used in drift tube. The in ner di am e -
ter of the ring elec trode is 50 mm
and the length of the elec trode is
9 mm. All elec trodes are con nected 
to volt age di vider.

An elec tric shut ter grid
(Fig. 3) is placed at the end of the
re ac tion re gion. The shut ter grid is 
one of the most im por tant parts of
the IMS. Its role is to keep the ions 
in re ac tion re gion and to in ject the
ions into the drift re gion. The grid
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Fig. 1. Sche matic view of the ion iza tion source: 1 - flange, 2 -
body of the ap pa ra tus, 3 - tef lon cyl in der, 4 - ce ramic tube,
5 - co rona grid, 6 - wire holder, 7 - tung sten wire, 8 - gas out let.

Fig. 3. Shut ter grid (a) open, (b) closed.

Fig. 2. Sche matic view of the re ac tion re gion: (1) spe cial elec -
trode, (2) stan dard elec trodes, (3) shut ter grid.



is made of par al lel wires, lo cated in one plane per pen dic u lar to the axis of the spec trom e -
ter. The wires are on the elec tric po ten tial V Vd sg± / 2, where Vd  is the po ten tial of the drift
tube at the po si tion of the shut ter, and Vsg  is the clos ing po ten tial be tween neigh bor ing
wires. This po ten tial cre ates an elec tric field per pen dic u lar to the elec tric field formed by
the drift tube. As the ions fol low elec tric field, they hit the grid wires and loose their
charge due to re com bi na tion pro cesses. If a short cir cuit is cre ated be tween the grid wires
then the elec tric po ten tial of the wires is Vd   and there is no per pen dic u lar elec tric field
gen er ated by the grid, the shut ter is opened. The ions are able to en ter the drift re gion.

The con struc tion of the shut ter grid may in flu ence the res o lu tion and sen si tiv ity of the
spec trom e ter. This is due to the in flu ence of the per pen dic u lar elec tric field on the drift
elec tric field. The con se quen tial elec tric field sur round ing the grid is given by su per po si -
tion of these two fields. If the per pen dic u lar field is too strong the gate de ple tion ef fect oc -
curs. If the per pen dic u lar field is too weak, the fast ions can pen e trate into the drift re gion
even if the gate is closed. A con stant back ground in the spec tra is ob served in this case.
The proper value of the shut ter grid elec tric field is in the fac tor from 1 to 10 of the elec tric
field in the drift tube.

The role of the drift tube is to sep a rate the ions ac cord ing to their in di vid ual mo bil i ties,
so ho mo ge ne ity of the elec tric field in this part is re quired. The drift tube con sists of iden -
ti cal brass rings sep a rated by the tef lon rings. The in ner di am e ter of the ring is 50 mm and
the length is 9 mm. The dis tance be tween two rings is 1 mm. The length of the drift re gion
can be var ied us ing dif fer ent num ber of the rings. The drift re gion is ended with ion col lec -
tor. The ion col lec tor con sists of ap er ture grid, col lec tor and shield ing. The col lec tor is
made of brass and its di am e ter is 2 cm in or der to de tect only ions drift ing close to the axis
of the ap pa ra tus. The col lec tor is shielded from the front side by an ap er ture grid and by a
brass body from the other sides. The ap er ture grid is made of par al lel thungsten wires,

75 mm thick and 1 mm apart of each other. The dis tance from the col lec tor to the ap er ture
grid is 1 mm.

The sen si tiv ity of the IMS is high and even small amounts of im pu ri ties could cause a
con tam i na tion of the ap pa ra tus. The con tam i na tion of the spec trom e ter re sults  in dif fi cul -
ties in in ter pre ta tion of the ion spec tra. High re quire ments are im posed on the gas in let
sys tem (Fig. 4). The gas in let sys tem is made of tef lon in com bi na tion with stain less steel.
The work ing gas used in the pres ent ex per i ment was N2 with pu rity 5.0. The work ing gas
is ad di tion ally dried by zeolites. The dried gas is di vided into 3 branches: drift gas, co rona
gas and the car rier gas. The drift gas en ters the ap pa ra tus at the end of the drift tube and
flows in the op po site di rec tion as the drift ing ions. Its role is to clean the drift tube. The co -
rona gas is in tro duced into the co rona re gion and the flow of this gas de creases the dif fu -
sion of the sam ple into the co rona re gion. The role of the car rier gas is to im port the sam ple 
into the re ac tion re gion. The sam ple (va por or gas) is in jected into the car rier gas us ing a
sy ringe. A spe cial ized in jec tion port is placed in the gas sys tem. The gas flow rates were
con trolled by flow me ters and reg u lated by ad just able valves. In or der to achieve clean
and sta ble con di tions, the whole sys tem is heated. The tem per a ture of the IMS can be con -

trolled in the tem per a ture range 20-150oC.
Two high volt age power sup plies were used in the IMS. One power sup ply serves for the 

co rona dis charge. In or der to limit the dis charge cur rent a 1.5 MW re sis tor was con nected in
the se ries with the dis charge. The sec ond power sup ply is con nected to the volt age di vider
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and sup plies the drift tube with a ho mo ge neous elec tric field. The shut ter grid is opened and
closed by a high volt age switch. The HV switch is con trolled elec tron i cally by a pulse gen -
er a tor. The os cil lo scope is syn chro nized with the puls gen er a tor. Open ing time of the shut ter 

grid can be var ied in range 50-500 ms and the open ing fre quency in the range 20-40 Hz.
The ion cur rent mea sured on the col lec tor plate is am pli fied by a cur rent-to-volt age

am pli fier with ra tio 1 nA ~10 mV. The am pli fied sig nal is av er aged by a dig i tal os cil lo -
scope and the re sults are stored by a com puter.

3. Re sults and Dis cus sion

The mea sure ments of the ion mo bil ity spec tra pre sented in this pa per have been per -
formed un der fol low ing ex per i men tal con di tions (Ta ble 1):

tem per a ture 20-58 °C E 230 V.cm-1

pres sure 101 kPa DU co rona 2 kV

drift length 8.3 cm drift gas flow 0.8 l.min-1

shut ter open ing time 150-250 µs co rona gas flow 0-50 ml.min-1

shut ter open ing pe riod 42 ms car rier gas flow 0.4 l.min-1

In our first mea sure ments, we have stud ied the ion for ma tion in the co rona dis charge in 
pure ni tro gen gas. A typ i cal pri mary ion spec trum is shown in Fig. 6. The rel a tive po si -
tions of the peaks in the spec trum in di cate that the first peak orig i nates from NH4

+·(H2O)n

and the sec ond peak from H3O
+.

We have in tro duced a trace amount of NH4OH into the dis charge (7). From this mol e -
cule the NH4

+ is pref er a bly formed in the co rona dis charge and we have ob served in crease
of the first peak. This con firmed our hy poth e sis that the first peak cor re sponds to the NH4

+

and NH4
+·(H2O)n ions. A sim i lar method was used to iden tify the sec ond peak. How ever, af -

ter in tro duc ing wa ter va por into the dis charge, in crease of the first peak was ob served again.
This ef fect is well known and is pres ent due to trace amounts of the am mo nia in the wa ter.
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Ta ble 1. Con di tions of the ex per i ment.

Ta ble 2. Mea sured or ganic com pounds and cor re spond ing pro ton af fin i ties.



Since the speed of the re ac tion de pends on the con cen tra tion of re ac tants, there fore the
high con cen tra tion of wa ter clus ters caused an in crease in pro duc tion of the NH4

+. The
pro ton af fin ity of  NH3

+ (9 eV) is higher then the pro ton af fin ity of the wa ter mol e cule
(7.2 eV) and most of the ions H3O

+ are con verted to the NH4
+ ions. The NH3 is pres ent in

small con cen tra tions in the am bi ent air and it is very dif fi cult to re move it from the spec -
trom e ter.

More com pounds were added into the co rona dis charge in or der to de ter mine the ions
cor re spond ing to the third peak. The re sults of this mea sure ments did not give a so lu tion
and ad di tional ex per i ments are needed to ex plain the na ture of these peaks.

We have car ried out ex per i ments in or der to study for ma tion of the pos i tive ions from
some or ganic mol e cules i) via ion-mol e cule re ac tion of the mol e cules with the pri mary
ions (chem i cal ion iza tion) ii) di rectly in the the co rona dis charge. These mea sure ments
should in di cate the dif fer ence be tween these two ion iza tion meth ods.

As the first mol e cule the ac e tone has been stud ied. The ion-mo bil ity spec tra of ac e tone 
are pre sented in Fig. 8. In the case of the chem i cal ion iza tion a sim ple mo bil ity spec tra
were ex pected (Fig. 8a). The sen si tiv ity of the ap pa ra tus in this op er a tion mode was lower
and the shut ter grid open ing time had to be set to a higher value. This step was nec es sary to 
get a suf fi cient sig nal, but it causes a de crease of the res o lu tion. In the fu ture we plan to in -
crease the ion pro duc tion in the case of chem i cal ion iza tion in or der to get, also in this
case, a better res o lu tion. In the case of di rect ion iza tion in the co rona dis charge (Fig. 8b),
the sam ple was per mit ted to en ter the co rona re gion and the sam ple ion izes also in the dis -
charge. The prod ucts of dis so ci a tion pro cesses and also sub se quent ion-mol e cule re ac -
tions are ex pected to be pres ent in the mo bil ity spec tra. The co rona dis charge ion iza tion
mea sure ments were per formed at higher tem per a ture in com par i son to the chem i cal ion -
iza tion, so the drift times in the b) spec tra are shorter. A num ber of dif fer ent or ganic com -
pounds (Table 2) was cho sen to in ves ti gate dif fer ences be tween the chem i cal and di rect
ion iza tion in the co rona dis charge.

A low level of dis so ci a tion of ac e tone in co rona dis charge is most prob a bly due to the
fact that the frag ment ions formed in the co rona dis charge are ef fec tively con verted via se -
ries of ion-mol e cule re ac tion into the protonated ac e tone ion and thus the frag ment ion are
not pres ent in the spec tra. Sim i lar sit u a tion oc curs also in the eth a nol (Fig. 10). How ever, a 
huge de crease of sig nal is ob served in spec tra a), re fer ring to pro cesses be tween pri mary
ions and the sam ple. The sec ond peak in a) spec tra is pos si bly a sum of two sig nals cor re -
spond ing to H3O

+ and eth a nol ion. This as sump tion is based on the po si tion of these peaks
in the spec tra b).

Sig nif i cant dif fer ences be tween chem i cal ion iza tion and di rect co rona dis charge ion -
iza tion have been ob served in the spec tra of ben zene (Fig. 11). The ma jor peak in spec tra
b) has cor re spond ing mo bil ity 2.84 cm2.V-1.s-1 and such ion peak is not pres ent in the
spec tra a). It might be a frag ment of ben zene or a re sult of an ion-mol e cule re ac tion of the
frag ment with other mol e cules in the re ac tion re gion. The ben zene par ent ion has the mo -
bil ity around 2.58 cm2.V-1.s-1 and it was ob served in spec tra a).

An ion with re duced mo bil ity of about 2.4 cm2.V-1.s-1 was also ob served. If we con -
sider that no dis so ci a tion pro cesses take place in the case of chem i cal ion iza tion, the ion
can be iden ti fied as a ben zene dimer. Meth a nol (Fig. 9) spec trum is not re solved well
enough and the in ten sity of the par ent ion is too weak for a fur ther anal y sis. This might be
caused by a rel a tively low pro ton af fin ity of these com pounds.
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Fig. 4. Gas in let sys tem: Flowmeter No. 1: 0-100ml/min, Flowmeter No. 2: 0-100ml/min, Flowmeter
No. 3: 0.1-1.2 l/min.

Fig. 6. The ion mo bil ity spec trum of the pri mary ions (RIP - re ac tant ion peaks) and the cor re spond ing
re duced mo bil i ties [cm

2
.V

-1
.s

-1
].

Fig. 5. The elec tri cal cir cuits of the IMS.
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Fig. 7. The re sponse of IMS on the in tro duc tion of the wa ter and the am mo nia into the dis charge re gion.

Fig. 8. Ac e tone: a) chem i cal ion iza tion, b) ion iza tion in the dis charge.

Fig. 9. Meth a nol: a) chem i cal ion iza tion, b) ion iza tion in the dis charge.



The in for ma tion ob tained from the ion mo bil ity spec tra of or ganic com pounds is still
not suf fi cient. The as sign ment of the par tic u lar peaks to the ionic struc tures is still dif fi -
cult, be cause there still do not ex ist re li able da ta bases of re duced mo bil i ties of the ions.
For this rea son it is very use ful to com bine the IMS with a mass spec trom e ter. How ever,
pres ent mea sure ments have shown that the pa ram e ters of the home built IMS spec trom e -
ter are very good. Ad di tionally, sig nif i cant dif fer ence be tween the chem i cal ion iza tion
and the di rect ion iza tion of the mol e cule in co rona dis charge was ob served. The chem i cal
ion iza tion in com bi na tion with IMS is a use ful non de struc tive ion iza tion method. The
sen si tiv ity, res o lu tion and sim plic ity of the co rona dis charge ion iza tion are good at trib utes 
for the needs of fast de tec tion. Also the co rona dis charge might be in ves ti gated us ing this
method.
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Fig. 10. Ethanole: a) chem i cal ion iza tion, b) ion iza tion in the dis charge.

Fig. 11. Ben zene: a) chem i cal ion iza tion, b) ion iza tion in the dis charge.



4. Con clu sions

In the pres ent pa per we have pre sented the de sign of the ion mo bil ity spec trom e ter
built at Comenius Uni ver sity and the first test mea sure ments ob tained with this spec trom -
e ter. The first re sults in di cate that the spec trom e ter has a very good per for mance, which is
com pa ra ble with other in stru ments. The pres ent study also showed that the co rona dis -
charge ion source is a very ef fec tive source of the pos i tive ions for the IMS de liv er ing sta -
bil ity and high in ten si ties of the ions. More over, ac cord ing to the re quire ments of the
ex per i ment, the co rona dis charge could be op er ated in two dif fer ent modes de liv er ing ei -
ther strong frag mented ions or unfragmented protonated ions.
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