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COATED PIEZOELECTRIC ANALYZERS 

BACKGROUND OF THE INVENTION 

Coated piezoelectric analyzers have gained consider 
able commercial acceptance in numerous scienti?c and 
industrial applications. For example, in gas chromatog 
raphy, it is necessary to determine the composition of 
gaseous effluent. Coated piezoelectric crystal analyzers 
are particularly useful in such applications, especially 
where the concentration of the gas to the detector is ex 
tremely low. In addition, many simple analyzers have 
been developed for determining moisture or water con 
tent in fuels and in other ?uid-feed materials. Other 
areas of application include the analysisof hydrogen 
sul?de, aromatics, ole?ns, and paraf?ns. These uses, of 
course, are of particular interest in the petroleum in 
dustry. 
The fundamental principle of a detection device 

using a coated piezoelectric crystal is set forth in U.S. 
Pat. No. 3,164,004 which is incorporated herein by ref 
erence. Consequently, only so much of the referenced 
patent will be repeated as is considered necessary to 
understand the present invention. 
Very brie?y, piezoelectric and magnetostrictive ma 

terials when coated with a substrate selectively sensi 
tive to changes in their environment can serve as detec 
tion devices for use in analyzers. Thus, when a respon 
sive material which is coated with a substrate is placed 
in a suitable oscillation circuit, it will vibrate at a partic 
ular natural frequency. The changes in the environ 
ment to which the substrate is sensitive will result in 
changes in the vibrational frequency of the responsive 
material. 
By the term “substrate” generally is understood to 

mean any thin film or coating deposited in a pre 
determined quantity on a responsive material. The sub 
strate may be either liquid or solid. 
“Responsive material” is, of course, any material 

which exhibits piezoelectric or magnetostrictive prop 
erties. 
Very brie?y, the operability of such detection de 

vices depends upon the interaction of the substrate 
with the material to be detected. “Interaction” is gen 
erally understood to mean any physical or chemical re 
lationship between the coating and the material which 
will tend to increase the resistance of the crystal to the 
electrical driving force of the oscillating circuit. As will 
be more fully explained, interaction also may include 
a physical or chemical relationship between the coating 
and the material detected which will decrease the resis 
tance of the crystal. Suffice it to say that generally “in 
teraction” is thought of in terms of weight gain. The 
greater the weight gain, the less the frequency of the 
crystal. Illustrative of interactions are adsorption, ab 
sorption, chem-adsorption, chemical reactions, and the 
like. 

Ideally, a coated crystal detector should not only be 
reusable but the frequency of the responsive material 
should return to a natural stable condition after purging 
the coating material subsequent to interaction. 
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Also, substrates employed in crystal detectors are ap- , 
plied in relatively small amounts. Consequently, it is ex 
tremely important that the coating material be very 
sensitive to the material with which it interacts. 
While numerous materials have been suggested in the 

art as substrate materials, there is an ever-increasing 
need for detectors of greater sensitivity, reliability and 
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accuracy that can be used and reused in the analysis of 
fluid materials. 
The present invention is concerned with such piezo 

electric crystal detectors. More speci?cally, the present 
invention is concerned with a method and apparatus 
for detecting materials capable of being halogenated. 

SUMMARY OF THE INVENTION 

According to the present invention, a piezoelectric 
element for ?uid detectors is provided which comprises 
a responsive material coated with a halogen complex of 
a charge transfer material. 
One embodiment of the inventive piezoelectric de 

tector element comprises a quartz crystal provided with 
a halogen complex of a charge transfer material. Pref 
erably the charge transfer material is a polymeric mate; 
rial that has an endocyclic nitrogen atom in the repeat 
ing unit of the polymer. 

In another embodiment of the present invention, a 
method is provided for detecting materials capable of 
being halogenated. Fluid materials sensitive to being 
halogenated are exposed or contacted with the coated 
piezoelectric detector of the present invention. Upon 
contact with the crystal, the ?uid material is haloge 
nated resulting in a weight change in the substrate. 
Thus, the responsive material will exhibit a change in 
its frequency of oscillation. By detecting this weight 
change, correlation can be established for analytical 
and detection purposes. 

BRIEF DESCRIPTION OF DRAWING 

The ?gure is a schematic diagram of a typical oscilla 
tor circuit having a detector element of the present in 
vention. 

DETAILED DESCRIPTION OF THE INVENTION 

The particular “responsive material" which may be 
employed in accordance with this invention is de?ned 
as any material which exhibits piezoelectric or magne~ 
tostrictive properties. ‘ 
Material which exhibits piezoelectric properties is 

one which when subject to mechanical pressure devel 
ops an electric potential, and vice versa, when subject 
to an electric potential, mechanically deforms. Several 
such materials are known, for example, crystal such as 
quartz, tourmaline, and Rochelle salts and other mate 
rials such as barium titanate. Quartz is the particular 
crystal most often employed in electrical applications; 
it is the preferred in the instant invention although it is 
not limited thereto. 
A magnetostrictive material is a material which will 

produce a magnetic ?eld upon mechanical deforma 
tion, and vice versa, which will mechanically deform in 
the presence of a magnetic'?eld. Examples of such 
types of magnetostrictive materials are nickel and 
nickel alloys. 
A detecor of the present invention comprises a re 

sponsive material coated with a halogen complex of a 
charge transfer material. Charge transfer materials are 
generally well known in the art. Typically they consist 
of compounds that may act as electron donors. Thus, 
a charge transfer complex is an intermolecular addition 
compound consisting of an electron donor molecule 
and an electron acceptor molecule. The binding energy 
of such materials is due mainly to the dispersion type 
forces such as dipole-dipole forces, accompanied by 
partial charge. transfer. It is generally understood that 
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electron transfer in such complexes occurs from donor 
to acceptor without appreciable energy loss since no 
rearrangement of molecular structure is involved. 
Various polymeric materials are known as charge 

transfer materials. Often these polymeric materials 
contain a nitrogen atom in the repeating unit of the 
polymer which forms a charge transfer complex with 
halogens. More often still, the repeating unit contains 
an endocyclic nitrogen atom in a ring having conju 
gated unsaturation. Typical polymers that are known to 
form charge transfer materials are poly (4 
vinylpyridine), poly (2-vinylpyridine), poly (2-vinyl 
quinoline), poly (N-vinylcarbazole), poly (2 
vinylpyrimidine), poly (6-vinylpurine), and poly (2~ 
vinylpyrazine). 1 ' 

The halogen complexes of the above charge transfer 
materials are the speci?c substrate of the instant inven 
tion. By the term “halogen” is meant bromine, chlo 
rine, and iodine as well as the corresponding inter 
halogen compounds BrCl, IBr, 1G1, and the like. 
One aspect of the present invention is the recognition 

that such halogen charge transfer complexes can be uti 
lized as a substrate for coated crystal detectors. Coat 
ings or substrates of such charge transfer complexes are 
not sensitive to moisture and retain the complex halo 
gen rather tenaciously. At the same time the properties 
of the complex halogen do not differ from that of free 
halogen substantially. Thus, halogen complexes of 
charge transfer materials undergo essentially the same 
reactions as uncomplexed halogens. Thus, a material 
which is capable of being halogenated can be readily 
detected by a responsive material containing a coating 
of this invention. For example, ole?ns represent a class 
of compounds that are readily halogenated and to 
which the substrate of the instant invention is particu 
larly sensitive. 
The amount of substrate that is employed is a signi? 

cant variable in the invention. Its volume in relation to 
the volume of the crystal and its weight are of particu 
lar importance in determining the response of the de 
tector. 
The amount of substrate generally used covers the 

range of from about 1 to about 100 micrograms per 
square centimeter of responsive material. Larger 
amounts can be used but difficulty is then encountered 
in maintaining the responsive material in a condition of 
stable oscillation. Therefore, the amount often is 
chosen experimentally for the best compromise. 
As stated previously, quartz is the particular crystal 

most often employed in electrical applications and is 
the preferred crystal employed in the present inven 
tion. Generally, the crystal has a diameter of about 1.2 
centimeters and a thickness of about 0.16 centimeters. 

it is preferred in the present invention that the coat 
ing of substrate be located essentially uniformly in the 
region or vicinity of maximum oscillation in the respon 
sive material. The particular area of maximum oscilla 
tion of the responsive material will be apparent to one 
skilled in the art. A responsive material of the dimen 
sions previously mentioned and having electrodes that 
contact opposite faces of the crystal would have a sub 
strate located over one of the electrodes. The substrate, 
of course, could extend beyond the borders of the elec 
trode and indeed it could cover the entire responsive 
material. Covering the entire responsive material, how 
ever, can be wasteful of substrate and it is not neces 

sary. 
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There are various techniques for applying the sub 

strate of the instant invention on the crystal. For exam 
ple, the halogen complex of the charge transfer mate 
rial can be dissolved in a suitable solvent and painted 
on the crystal. After applying the solution to the crys 
tal, the solvent can be evaporated. Similarly, suspen 
sions of the substrate can be employed. 

Solvents particularly useful in dissolving transfer ma 
terials of the type herein specified include the follow~ 
ing: propylene carbonate, dimethylsulfoxide and di 
methyl formamide. Useful liquids for suspending sub 
strate material include the following: benzene, toluene 
and water. 
The crystal type that is described above can be eni 

ployed in a typical oscillator circuit such as that shown 
in the ?gure. Speci?cally, the circuit is a Pierce oscilla 
tor which is essentially a Colpitts oscillator having in 
ductance capacitance tank circuit replaced by the 
quartz crystal. B+ voltage is applied across the cathode 
and the plate of the triode. The value may be adjusted 
by varying the potentiometer R-l so as to obtain ap» 
proximately 1.34 volts across R-3. This voltage opposes 
the mercury cell resulting in zero potential to the re 
corder. Thus, the recorder measures a signal propor 
tional to the changes in the grid bias. This grid bias di 
rectly re?ects changes in amplitude of vibration of the 
crystal. The radio frequency choke (RFC) and the ca 
pacity C—l prevent the radio frequency current from 
entering the direct current power supply. Capacity C-2 
keeps the radio frequency signal out of the recorder. 
The crystal is connected directly between the grid and 
the plate, and the amount of feedback is dependent on - 
the interelectrode and stray capacitances between the 
grid and the cathode and the properties of the crystal. 
This feedback and the setting of R-l determine the am 
plitude of vibration of the crystal. The plate to cathode 
capacitance is shown in the circuit by means of dotted 
lines. Resistors R-2 and R-3 serve as the grid leak bias. 
The 10 millivolt recorder (connected to attenuator A) 
observes only changes in the amplitude of vibration. 

In operation materials capable of being halogenated 
are detected when a fluid containing such materials is 
contacted with the crystal of the present invention em 
ployed in such typical circuit. By measuring the change 
in frequency of the crystal, change in weight in the sub 
strate is measured. This, of course, indicates that halo 
genation has occurred. in other words, the material sus 
ceptible or capable of being halogenated has been de~ 
tected in the ?uid material. 

EXAMPLE l 

A detection device of the invention with the bromine 
complex of polyvinylpyridine was tested with respect to 
its response for detecting ole?ns. 
For the purpose of this test a gas containing 300 ppm 

of propylene in nitrogen was passed over the detector 
at a rate of about 100 cc/min. The gas mixture was 
heated to a temperature of about 105°F. prior to feed 
ing it into the analyzer. The analyzer was similar to that 
shown in the ?gure. The detector’s initial stabilized fre 
quency was noted and then the flow of test gas was be 
gun. Upon contact with the test gas an immediate in 
crease in the frequency was observed indicating that 
the ole?n was halogenated and the crystal substrate 
therefore lost weight. The change in frequency with 
time is shown in Table I below. 
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TABLE I 

Contact Time (Minutes) Change in Frequency (Cycles) 
Start 0 
2 58 
4 v 98 
6 I17 

EXAMPLE 2 

The procedure outlined in Example 1 was followed 
except that 100 percent propylene was the test gas. In 
this environment a decrease in frequency from the nor 
mal frequency of the crystal was observed apparently 
due to absorption by the substrate of the brominated 
propylene. Intermittent purging with nitrogen however 
resulted in an increase in the frequency indicating that 
halogenation had occurred and demonstrating that the 
detector could be returned to a stable condition andbe 
repeatedly used. The results of this test are outlined in 
Table II below. 

TABLE II 

Gas Time, Minutes Change in Frequency 
(Cycles) 

N, Start 
Propylene 5 —l 16 
Propylene 15 —l 23 

N2 5 0 
Propylene 2 ~84 
Propylene 7 —l00 

What is claimed is: 
1. Piezoelectric element for ?uid detectors compris 

ing aresponsive material coated with a halogen com 
plex of a polymeric charge transfer material having a 
nitrogen atom in the repeating unit of the polymer. 

2. The element of claim 1 wherein said responsive 
material is quartz. ' 

3. The element of claim 1 wherein the polymeric 
charge transfer material has an endocyclic nitrogen 
atom in the repeating unit of the polymer. 

4. The element of claim 1 wherein the charge transfer 
material is selected from the group consisting of poly 
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6 
(4-vinyl-pyridine), poly (2-vinylpyridine) and poly(N 
vinyl carbazole). 

5. The element of claim 1 wherein the charge transfer 
material is poly (4-vinylpyridine). 

6. The element of claim 1 wherein the halogen is se 
lected from the group consisting of bromine, chlorine, 
iodine, iodine chloride, bromine iodide and bromine 
chloride. 

7. The element of claim 1 wherein the halogen is bro 
mine. 

8. In an apparatus for the detection of ?uids wherein 
an electronic oscillation means is controlled by a re 
sponsive material in which the surface of said material 
is coated with the substrate subjected to contact with 
the test ?uid, the improvement wherein the substrate 
material comprises a halogen complex of a polymeric 
charge transfer material having a nitrogen atom in the 
repeating unit of the polymer. 

9. The improvementof claim 8 wherein the halogen 
is selected from the group consisting of bromine, chlo 
rine, iodine and inter-halogen compounds. 

10. The improvement of claim 8 wherein the charge 
transfer material is selected from the group consisting 
of poly (2-vinylpyridine), poly (4-vinylpyridine) and 
poly (N-vinyl carbazole). , 

11. A method of detecting materials capable of being 
halogenated comprising contacting a test ?uid with a 
coated piezoelectric detector, said detector having a 
coating of a halogen complex of a polymeric charge 
transfer material having a nitrogen atom in the repeat 
ing unit of the polymer, and measuring the change in 
electrical response of such coated piezoelectric crystal 
detector. 

12. The method of claim 11 wherein the test ?uid 
contains an ole?n. 

13. The method of claim 11 wherein halogen is bro 
mine and the charge transfer complex is poly (4 
vinylpyridine). 
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