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Abstract 
This paper describes our initial investigations to 
determine the suitability of Ion Mobility 
Spectrometry (IMS) as an on-line, real-time 
monitor for ultrapure water systems. We have 
found that acetone, ethylene glycol, isopropanol, 
chloroform, and n-methyl pyrrolidone (NMP) 

can be detected at parts-per-million levels or 
lower using this technique. As expected, 
surfactants, such as dodecylsulfate sodium salt, 
dodecyl-trimethylammonium bromide, and 
hexadecyl trimethylammonium bromide were 
not detected. Several sample introduction 
schemes are proposed for continual monitoring 
of ultrapure water (UPW) streams. 

Introduction to IMS 
Ion Mobility Spectroscopy (IMS) was developed 
in the early 1970s and has been used for trace 
detection of compounds such as narcotics, 
explosives, chemical warfare agents, PCBs, 
dioxins, aromatic ketones, and halogenated 
organics. Applying IMS technology to real- 
time, continuous monitoring of UP W has not 
been reported in the literature, but there are 
indications that this would be a reasonable goal. 

A typical Ion Mobility Spectrometer utilizes a 
radioactive source (63Ni) to ionize a “reactant 
ion”, which is typically air. Typical reactant 
ions that are formed from air include (HzO),O;, 

many others. These reactant ions collide with 
the analytes of interest to ionize them, or to 
produce charged adducts. The charged species 
are then collected on a grid, and electrically 
accelerated down a drift tube. The amount of 
time it takes the charged molecules to pass 
through the drift tube depends on their shape 
and molecular weight, thus providing a means 
of identification. The response time for an IMS 
varies fiom nearly instantaneous for an “is it 
there?” sampling, to approximately 30 seconds 
for semiquantitative data. Commercially 
available models can readily detect picogram 
(10“~ g) quantities of organics. 
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CornpatibUty with on-line or in-line 
operation. 
lMS has been used for both on-line and in-line 
monitoring of gas streams. With some 
modifications to the hardware and software, an 
iMS could perform on-line monitoring of a 
slipstream taken from a UPW line through one 
of the following methods: 1 .) Continual 
sampling of the liquid. The JMS can accept a 
continual stream of water provided the flow rate 
is low enough. Capillary restrictors would be 
used to control this flow. Sensitivity and 
specificity could suffer due to the high 
concentration of water vapor in the system. 2.) 
Discrete sampling of the liquid. A liquid 
sampling valve would be used to make periodic 
injections into the IMS. This method would 
have several advantages over continual 
sampling, including i) Semiquantitative data 
could be obtained for each specie, ii) larger 
sample injections could be used, and iii) 
provisions for on-line calibration could easily be 
incorporated. 3.) Continual sampling of a 
vapor. The partitioning coefficients between 
acetone or isopropanol and water is such that 
headspace analysis is not a viable approach. 
However, vaporizing a small amount of water in 
a furnace, and sampling the resulting vapor 
would be a relatively easy way to monitor the 
water. Sample flows, temperatures, and other 
parameters would have to be closely controlled. 
4.) Membrane separation technologies. 
Membrane technologies, which have been used 
extensively in mass spectrometry, could be used 
for in-line monitoring. As the water passes over 
a silicone membrane, the organics, which are 
soluble in polymers, pass through the membrane 
and into the IMS. 

Instrumental 
The data presented here was acquired using a 
PCP Model 110 IMS (West Palm Beach, FL). 
Sample introduction was by direct injection of 
test solutions using a 1 .Opl syringe. Sample 
volume ranged from 0 .1~1  to 1.0~1. It should be 
noted that sample volumes up to lop1 can be 
used. The IMS temperature was held at 200°C. 
Zero air was used as a carrier and drift gas at 
flow rates of 100 and 500ml/minute, 
respectively. No dopants were added to the 
carrier gas stream. 

Experimental 
The organics of primary interest as impurities in 
UPW are acetone, isopropyl alcohol, ethylene 
glycol and n-methyl p p l i d o n e  (NMF). 
Compounds such as H2S04, NH~OH, 
chloroform, H202, NH4F, HF, KOH, and 
surfactants (dodecylsulfate sodium salt, 
dodecyl-trimethylammonium bromide, and 
hexadecyl trimethylammonium bromide) are of 
secondary interest. Using Class A volumetric 
glassware, solutions of acetone, isopropyl 
alcohol, ethylene glycol, n-methyl pyrrolidone 
(NMP), methylene chloride, dodecylsulfate 
sodium salt, dodecyl-trimethylammonium 
bromide, and hexadecyl trimethylammonium 
bromide were prepared at concentrations 
ranging from 10 parts-per-million to 1 part-per- 
trillion. Appropriate volumes were injected into 
the IMS and the responses recorded. 

Typical responses are shown in figures 1 and 2. 
Figure 1 shows the response obtained by 
injecting 50 nanograms of ethylene glycol into 
the IMS. The x-axis is the drift time (function 
of molecular weight and shape), and the y-axis 
is the signal intensity. The z-axis is time, with 
“0” at the rear of the plot. The ethylene glycol 
is responsible for the two indicated peaks at the 
right side of the plot. Note that these peaks are 
well-resolved from the reactant ion peaks (left 
side of plot), ~7hich makes identification 
relatively easy. Figure 2 shows the response 
obtained by injecting 15.7 nanograms of 
acetone into the JMS. Note that the acetone 
peak is not well-resolved from the reactant ion 
peak, which makes both identification and 
quantitation much more difficult. Isopropanol 
yields a peak very similar to acetone, while 
NMP produces a welldefined peak similar to 
ethylene glycol. The drift time of each peak is 
unique, dowing speciation as well as 
quantitation. Dodecylsulfate sodium salt, 
dodecyl-trimethylammonium bromide, and 
hexadecyl trimethylammonium bromide were 
not detected by IMS. 

Detection Limits 
Figure 3 shows a calibration curve obtained 
from ethylene glycol. Although not linear, the 



calibration curves obtained from the LMS are 
well-behaITed. Reproducibility is such that the 
data obtained should be regarded as semi- 
quantitative rather than quantitative. Variations 
of +SO% are not uncommon. However, it must 
be remembered that this variation is observed at 
very low concentrations; 50% variation at a 
50ppt level only represents 2.5xlO-" grams of 
material. 

The lMS is capable of detecting either positive 
ions f+) or negative ions (-1. Estimated 
detection limits for the compounds examined, as 
well as the modes of detection (+ or -) are listed 
in Table 1, 

Compound 1 Estimated Detection Limit I Mode I 
Acetone eo. 1 nanograms + or - I 
Ethvlene dvcol ~ 0 . 0 5  n a n o m  I + I 
isourouanol I 4.5 nanograms I i l  
chlorofom ~ 0 . 1  nanograms - 

dodecvlsulfate sodium salt not detected either 
n-methyl pyrrolidone (NMP) ~ 0 . 0 0 1  nanograms + 

dodecyl-trimethylammonium bromide not detected either 
hexadecyl trimethylammonium bromide not detected either 

Table 1. Detection limits and ion monitored for target compounds. 

It should be noted that these detection limits 
were realized in the lab, and may differ from 
on-line detection limits. When used for on-line 
monitoring, specific target compounds would 
have to be identified, and the proper operating 
parameters used to detect and quantify UPW 
contaminants. 

Estimated costs 
The cost of an TMS system, including a PC for 
control, is approximately $85,000. Some 
development time for inlet system and software 
modifications would be required to utilize IMS 
as an on-line or in-line monitor. By using the 
proper sample introduction system, multiple 
locations could be sampled using a single TMS 
system, thereby making the cost of IMS 
competitive with multiple, lower-cost monitors. 

Summary 
Preliminary laboratory investigations have 
indicated that Ton Mobility Spectroscopy is 
capable of detecting many of the contaminants 
found in UPW systems. The sensitivity and 
response time meets the requirements for UPW 
monitoring. Minor hardware and software 
modifications must be made for on-line use, and 
the instrument must be tested for robustness, 
stability, reproducibility, and similar 
parameters. Resolution issues between the 
reactant ions and some target species must still 
be addressed. 
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Figure 2. IMS response from injection of 15.7 nanograms of acetone 
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Figure 3,  Calibration curve for ethylene glycol. 
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