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AMMONA DETECTION AND 
MEASUREMENT DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The application is a continuation of U.S. patent 
application Ser. No. 10/157.209 filed 28 May 2002, entitled 
AMMONIA DETECTION AND MEASUREMENT 
DEVICE and issuing as U.S. Pat. No. 7,592,184 on 22 Sep. 
2009, which is a continuation of U.S. patent application Ser. 
No. 09/436,921, of same title, filed 9 Nov. 1999 (abandoned), 
both incorporated by reference herein in their entirety. 

TECHNICAL FIELD OF THE INVENTION 

0002 The present invention provides an apparatus and 
method for detecting and measuring Volatile acidic or basic 
components including ammonia, ammonium, or Volatile 
amines (compound) in a gas or liquid state fluid. Specifically, 
the present invention provides a PTFE-carrier solid phase 
indicator film having an ammonia-sensitive indicator dye 
embedded therein, Such that the dye moiety changes color or 
spectral properties upon exposure to the compound to be 
detected. 

BACKGROUND OF THE INVENTION 

0003. Many industries require a means for sensing the 
presence of Volatile acidic or basic chemical compounds in a 
fluid (gas or liquid). The means should provide a visual indi 
cation of the presence of the compound of interest or provide 
an instrument for monitoring and measuring presence of 
compounds. Such an apparatus and method is need for a 
variety of applications, such as identifying toxic gas leaks, 
and measuring ammonia in water and soil samples. 
0004. There are a variety of sensing methods and devices 
now available, including solution-based reagent chemistry 
for colorimetric reactions as well as compositions of various 
Solid-phase polymer based (e.g., silicone) optical sensors, 
which includes paintable indicators for detecting ammonia 
leaks. In addition to being commonly used for measuring acid 
and base solutions, pH indicator dyes have been used for 
sensing ammonia (a basic compound). In some cases the pH 
indicator dye is contained in a formulation, such as common 
litmus test paper, or in Drager gas-sampling tubes, that only 
gaseous ammonia can be measured. Such devices either can 
not be exposed to liquids, or can only be exposed to liquids for 
a brief period, or can only be exposed one time. This problem 
exists because the indicator dye dissociates from a solid 
phase carrier and then leaches into the liquid. In some cases 
the indicator dye is used in a formulation that is not color 
reversible. In one case an optical-chemical sensor for ammo 
nium ions was made using porous PTFE (polytetrafluoroet 
hylene) membrane, however, it was only described as appli 
cable to monitoring water, designed for waste-water 
measurement. It was reported (Sellien et al., Anal. Chim. 
Acta, 269:83-88, 1992) to have the limitation that the indica 
tor was reversible only if the membrane was in contact with an 
aqueous Solution. Therefore, there is a need in the art to 
improve sensing capabilities for Volatile acidic or basic com 
pounds, including and especially ammonia. 

SUMMARY OF THE INVENTION 

0005. The present invention provides a sensor composi 
tion for detecting and measuring Volatile acidic or basic com 
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pounds in a gas or liquid State fluid, comprising an ammonia 
sensitive indicator dye having measurable spectral 
characteristics immobilized in or on a polytetrafluoroethyl 
ene (PTFE) solid substrate, whereby exposure to a volatile 
acidic or basic compound causes a change in spectral char 
acteristics of the ammonia-sensitive indicator dye. Prefer 
ably, the volatile acidic or basic compound is selected from 
the group consisting of ammonia, ammonium, Volatile 
amines, glacial acetic acid, and combinations thereof. Most 
preferably, the volatile amines are trimethylamine, dimethy 
lamine, or combinations thereof. Most preferably, the PTFE 
solid substrate is in the form of a gas-permeable film. Prefer 
ably, the ammonia-sensitive indicator dye is selected from the 
group consisting of bromophenol-blue, bromocreosol green, 
thymol blue, methyl crystal purple, chlorophenol, free-base 
porphyrins, Tetraphenylporphyrin (HTPP), and combina 
tions thereof. Preferably, the solid substrate is particulate 
PTFE and the sensor composition is suspended in a paste or 
paint solution for application onto a Surface. 
0006. The present invention further provides a method for 
detecting and measuring Volatile acidic or basic chemical 
compounds in a gas or liquid state fluid, comprising: 
0007 (a) placing a sensor composition in a environment 
for detecting Volatile acidic or basic chemical compounds, 
wherein the sensor composition comprises an ammonia-sen 
sitive indicator dye having measurable spectral characteris 
tics, immobilized in or on a Solid Substrate; 
0008 (b) determining the amount of volatile acidic or 
basic chemical compound present by measuring spectral 
change in the wavelengths of light (electromagnetic radia 
tion) that are absorbed or emitted by the ammonia-sensitive 
indicator dye, or by observing a color change. 
0009 Preferably, the volatile acidic or basic chemical 
compound is selected from the group consisting of hydro 
chloric acid, ammonia, ammonium, Volatile amines, glacial 
acetic acid, and combinations thereof. Preferably, the pres 
ence of ammonia, ammonium, or Volatile amines present on 
the sensor composition is determined via a fiberoptic probe 
placed on the sensor composition. 
0010 Preferably, the absorbance or luminescent measure 
ment of spectral change is determined with a spectrophotom 
eter. 

DETAILED DESCRIPTION OF THE INVENTION 

0011. The present invention provides a device and method 
for detecting and measuring volatile or acidic chemical com 
pounds in a fluid of either a gas or liquid state. In particular, 
the present invention provides a sensor composition for 
detecting ammonia, ammonium and/or volatile amines in a 
gas or liquid State fluid, comprising an ammonia-sensitive 
indicator dye having measurable spectral characteristics 
immobilized in or on a solid substrate, whereby exposure to a 
compound causes a change in spectral characteristics of the 
dye. Preferably, the solid substrate is PTFE in the form of a 
film. The PTFE film may be applied on an object or inside a 
vessel for the purpose of detecting the presence of particular 
chemical compounds, such as ammonia in the liquid or vapor 
phase, in the environment to which the film is exposed. A 
PTFE carrier element is important because PTFE has the 
adventitious properties of being highly permeable to gases, 
insoluble in water, and relatively inert to a wide variety of 
chemical agents. These properties enable the ammonia-sen 
sitive indicator dye to be carried in an insoluble form on a 
Solid-phase construct that reacts quickly when exposed to the 
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chemical compound to which it is sensitive. In addition, it 
offers protection of the ammonia-sensitive indicator dye in 
terms ofkeeping it insolubilized within the PTFE carrier. This 
can prevent leaching of the ammonia-sensitive indicator dye 
out of the Solid phase in the presence of water or aqueous 
based liquids. The insoluble form of the ammonia-sensitive 
indicator dye further prevents reactions with anions and cat 
ions, because anions and cations cannot penetrate the PTFE 
Solid phase. The sensor composition is insensitive to nonvola 
tile chemical species in acidic or basic fluid or aqueous medi 
US 

0012. The sensor composition is made from an ammonia 
sensitive indicator dye and a solid phase, preferably a PTFE 
Solid phase in a film form. The sensor compositions are con 
structed by administering ammonia-sensitive indicator dye(s) 
in a non-aqueous solvent to a solid-phase PTFE substrate 
such that the dye is deposited on the solid phase in a form 
insoluble to aqueous-based solvents. Further, the character 
istics of a PTFE film or a porous membrane form are such that 
it is permeable to gaseous ammonia. 
0013 A preferred family of ammonia-sensitive indicator 
dyes are chromophores (meaning dyes that change color), for 
example, bromophenol-blue, bromocreosol green dye, thy 
mol blue, methyl crystal purple, and chlorophenol red. Addi 
tional ammonia-sensitive indicator dyes include free-base 
porphyrins, such as HTPP. These dyes in the sensor compo 
sition participate in reversible equilibrium reactions with gas 
eous ammonia and amine compounds and result in spectral 
changes in the dye's absorption bands. The acid dissociation 
constant (pKa) of the ammonia-sensitive indicator dyes deter 
mines the relative sensitivity of the sensor composition. For 
example, the ammonia-sensitive indicator dye bromophenol 
blue (pKa=3) has greater sensitivity to gaseous ammonia than 
bromocresol green (pKa=3.8) and the later has greater sensi 
tivity than phenol red (pKa=7.0). The other major factor that 
determines the relative sensitivity of the sensing method is the 
extinction coefficient of the ammonia-sensitive indicator dye. 
To meet needs for sensing different concentration ranges of 
ammonia, the type of ammonia-sensitive indicator dye cho 
Sen and amount used are thus variable, the selection based 
mainly on the pKa and extinction coefficient. Other ammo 
nia-sensitive indicator dyes exist that are applicable to the 
sensing method having dissociation constants (pKa) in the 
range of about 1 to about 9, water insolubility, solubility in 
non-aqueous solvents, relative photostability (oxidation 
potential), and are reasonably “safe' (in terms of a lack of 
human or animal toxicity). In this regard, preferred lumines 
cent dyes that have shown good sensitivity to ammonia and 
Volatile amine are a class of compounds called free-base 
porphyrins. These compounds, when they are made to existin 
the cation or di-cation forms, react with ammonia or amines 
producing distinct spectral changes that can be measured 
either by absorption changes or by fluorescence intensity 
changes. Free base porphyrins also have different pKa values 
and hence their sensitivity to ammonia or amine vary depend 
ing on the porphyrin ring structure and Substitutions. 
0014) Ammonia-sensitive indicator dyes are dissolved in 
an appropriate (non-aqueous) solvent that will wet, penetrate, 
or dissolve the PTFE substrate. Preferred solvents include, 
but are not limited to tetrahydrofuran, ethanol, and methanol. 
The solvent serves as a “carrier of the ammonia-sensitive 
indicator dye (or combinations thereof) for application to 
PTFE solid phase substrates. Exemplary preparations of dye 
Solutions for preparing indicator films for applications 
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involving visual detection are: (a) bromocresol green (Ald 
rich #11,435-9), 100 mg dissolved in 20 ml methanol; (b) 
chlorophenol red (Aldrich #19,952-4), 100 mg dissolved in 
20 ml methanol; and (c) phenol red (Aldrich #11,452-9), 100 
mg dissolved in 20 ml methanol. 
00.15 Generally, solutions for preparing an ammonia-sen 
sitive indicator dye for application to a PTFE film that will be 
used for optical measurements are made by dissolving 20 mg 
of the corresponding dye in 20 ml methanol. Other suitable 
Solution preparations that have been made include chlorophe 
nol red (Aldrich #19,952-4), 22 mg dissolved in 10 ml tet 
rahydrofuran, bromophenol blue (Aldrich #11.439-1), 10 mg 
dissolved in 10 ml Ethanol, and bromocresol green (Aldrich 
#11.435-9), 20 mg dissolved in 10 ml tetrahydrofuran. 
(0016. PTFE (Teflon(R) is the preferred solid phase sub 
strate. The hydrophobicity of the PTFE provides a strong 
non-covalent bond to bond the dyes. Ammonia diffuses 
through PTFE easily, making it unnecessary to specify pore 
sizes or special grades of the PTFE commercial substrate. 
PTFE material can be easily fabricated and cut into appropri 
ate shapes or configurations for particular sensing applica 
tions. 
(0017 PTFEtapes and film materials from several different 
manufacturing sources have been used to fabricate inventive 
ammonia sensor compositions. Use of preformed Solid-phase 
films, membranes, or tapes affords simple and economical 
manners of fabricating of ammonia sensor compositions. A 
porous PTFE form is preferred, in order to promote the faster 
penetration of the gaseous compound into the polymer and 
reaction with the ammonia sensitive indicator dye immobi 
lized therein. Exemplary PTFE material manufactures whose 
products have been used as PTFE substrates for sensor com 
positions in the form of a film include, for example, PTFE 
thread seal tapes from Plastomer Products Division (New 
town, Pa.), or Furon (Hoosick Falls, N.Y.), and porous PTFE 
films from Gore-Tex (Elkton, Md.). 
0018. A preferred method of fabrication is to dip the 
PTFE, for instance 2 cm to 5 cm wide PTFE pipe-thread 
sealing tape strips, into a bath of an indicator dye stock 
Solution. An "indicator stock solution' is an ammonia sensi 
tive indicator dye (or combinations thereof) dissolved in a 
non-aqueous solvent. This allows ammonia sensitive indica 
tor dye to adhere to the solid phase PTFE to form a “wet” 
sensor composition. The wet sensor composition is dried at 
room temperature, or aided with forced air or a drier to facili 
tate solvent evaporation. The sensor composition (now dried) 
is then immersed in a fuming 1 N-hydrochloric acid solution 
for 10 minutes. This is followed by a final rinse by immersion 
in water for 2 minutes. The sensor composition is then left to 
dry. 
0019. Another method for sensor composition fabrication 
uses a spray gun configuration. The PTFE film, for example, 
is a sheet of porous Gortex(R) film. The sheet of PTFE film 
having two surfaces but only one of which will be treated, for 
instance, is placed in a ventilated hood. The ammonia-sensi 
tive indicator dye solution (i.e., “stock solution” as termed 
above) is then sprayed over one or both sides of the PTFE film 
Surface. The ammonia-sensitive indicator dye solution is then 
left to dry. 
0020. The inventive device is based on reaction of the 
ammonia-sensitive indicator dye with gaseous ammonia, 
wherein the acid or protonated form of the ammonia-sensitive 
indicator dye reacts with ammonia. To assure that the ammo 
nia-sensitive indicator dye is in the acid form, the sensor 
composition is exposed to a fuming hydrochloric acid solu 
tion, as described herein, or volatile acid vapors. 
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0021. The sensor composition is used in stand-alone form 
(as a free-standing device) to sense the presence of ammonia 
or other Volatile acidic or basic compounds. For example, it is 
used as a visual sensor by exposing pieces of sensor compo 
sition large enough for viewing in an environment to be 
monitored for ammonia. Sensor composition using bromo 
cresol green as the ammonia-sensitive indicator dye exhibits 
a reversible color change from yellow towards blue-green to 
finally a blue hue when exposed to ammonia of respectively 
increasing concentration in the range of 0 to 5 ppm or greater. 
Chlorophenol red as an ammonia sensitive indicator dye will 
exhibit a reversible color change from orange towards 
magenta and eventually a purple hue when exposed to ammo 
nia of increasing concentration in the range of 0 to 10 ppm or 
greater. Sensor composition can be immersed directly into 
water samples for monitoring ammonia. Exposure to, for 
instance, a basic solution of sodium hydroxide (NaOH) will 
not produce a color change in a sensor composition made with 
pH indicator dye as the ammonia-sensitive indicator dye. 
0022 Optical sensors for spectrophotometric detection 
using a fiber-optic instrument have been built by applying a 
sensor composition to a distant end or “tip” of an optical fiber. 
The optical fiber has one end communicating with a spectro 
photometer and the second end or “tip” communicating with 
the sensor composition. The tip is then covered with a second 
layer of ammonia permeable film, preferably a PTFE film, 
and the sensor composition and second PTFE film layers are 
mechanically fixed on the tip using heat-shrink tubing. This 
configuration provides physical protection of the sensor.com 
position, isolation from liquid mediums, and an optical path 
of sufficient length for reflective monitoring of spectral 
change in the ammonia sensor indicator dye. The sensor 
composition functions adventitiously in a dry state, in con 
trast to conventional ammonia Sensitive electrodes which 
require a filling Solution or buffering condition to be main 
tained within the sensor element. 

Sensor Detection Limit 

0023 Prototype sensor compositions are tested in two 
possible ways. A buffered solution of ammonium chloride 
(NHCl) is made up at a known pH. From the known pKa and 
concentration of a NHCl solution, one can predict the ammo 
nia concentration in equilibrium with the Solution. The sensor 
composition is then either dipped into the NHCl buffered 
Solution where it comes into equilibrium with the ammonium, 
or the sensor composition is exposed to headspace gas over 
the NHCl buffered solution in an enclosed vessel. 
0024 Fiber optic-based detection spectrophotometers 
were used to test sensor compositions made with five differ 
ent ammonia-sensitive indicator dyes to determine their limit 
of detection and response time. The sensor compositions 
were tested using a two-wavelength optical detector system. 
The response characteristics are shown in the following table. 

PARAMETER BPB BCG2 CPR BCP’ PR 

Limit of Detection (ppm) O.O1 O.1 O.S >1.0 >10 
Response time 90%f min 5, 12 1.5, 3 1, 2 1, 1 1, 1 

= bromophenol blue, 
'= bromocresol green, 
= chlorophenol red, 
= bromoeresol purple, 
= phenol red 
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Interference Testing 
0025. One promising application for solid-phase ammo 
nia indicators in general and the inventive sensor composition 
in particular is detecting ammonia gas leaks that might occur 
inside cold food storage rooms that use ammonia as refriger 
ant. To provide reliable ammonia detection it is important that 
the ammonia sensor does not respond to other gases that are 
known to exist within Such rooms. Three sensor compositions 
(distinguished by the choice of ammonia-sensitive indicator 
dye) were tested for potential interferences of several relevant 
gases. Results of the tests are tabulated below. 

Interfering Gases BCG CPR PR 

Carbon dioxide 100% No effect No effect No effect 
Oxygen 0% No effect No effect No effect 
Humidity 100% No effect No effect No effect 
Ethylene No effect 
Gases from Pears No effect 
Gases from Apples No effect 
Gases from Banana No effect 

Temperature Effect 

0026. Two optical sensors were made to evaluate the effect 
of temperature O ammonia measurementS. 
BCG-bromocresol green and BPB-bromophenol blue dyes 
were used to fabricate sensor compositions. Sensor compo 
sitions were tested in 0.1 ppm, 1.0 ppm and 5 ppm ammonia 
made from ammonium chloride in pH 7.6 buffer. The sensor 
compositions were tested at 6° C., 25° C. and 37° C. In 
general, sensor composition sensitivity decreased as the tem 
perature was lowered. The overall sensitivity decreased by 
12% as the temperature was lowered from 37°C. to 6°C. A 
non-measurable difference was observed between 37° C. and 
25° C. For BCG sensor composition, the slope for 1 ppm 
ammonia change at 6°C. was equal to 9.56 and at 25°C. the 
slope was equal to 6.67. 

Photodetector Alarm Testing 

0027. This series of tests describes various absorption 
methods were used as the basis to monitor spectral changes. A 
photoelectric fiber-optic contrast sensing instrument manu 
factured by SICKOptex (Model WLL-160) was used to make 
an ammonia detection alarm system. The instrument provides 
a signal output when it senses a pre-calibrated change in light 
intensity in the optic light path. Optical sensors were fabri 
cated by mounting sensor compositions made with bromo 
cresol green dye onto the fiber optic configurations Supplied 
by SICKOptex. The sensor compositions utilized dyed PTFE 
films covered by plain PTFE membranes to provide mechani 
cal reinforcement and increased back reflected signal-light 
return, as described above. The instrument was calibrated to 
trigger when exposed to a defined ammonia level. This sens 
ing system was tested continuously for four months by expos 
ing the sensor composition every hour to a three-minute 
ammonia charge, then cycling back to air. The sensor com 
position performed consistently over this period without the 
need to re-calibrate, detecting hourly the ammonia exposure 
condition. 
0028. Another photoelectric sensing instrument from 
SICK Optex-(Model KT5) provides an analog signal output. 



US 2010/0330692 A1 

The KT5 model was used to also test sensor compositions. 
Pieces of sensor compositions were fixtured in the light path 
in front of the KT5 instrument's optical window. To measure 
detection limits to ammonia gas, bromocresol green and bro 
mophenol blue ammonia-sensitive indicator dyes were used 
to fabricate sensor compositions. Tests were conducted by 
exposing the sensor compositions to 0.1 ppm, 1.0 ppm, and 
10-ppm ammonia, made from ammonium chloride in pH 7.6 
buffer. The sensitivity of sensor compositions made with 
bromocresol green using the KT5 instrument are tabulated 
below: 

KTS ANALOG READING 

Ammonia level 

Oppm 1.0 ppm 10.0 ppm 

Sensor 1 2.93 1.93 1.07 
Sensor 2 2.86 1.96 1.09 
Sensor 3 2.75 2.03 1.07 
Sensor 4 2.82 2 1.OS 
Sensor 5 2.77 1.97 1.06 
Sensor 6 2.92 1.98 1.12 
Average 2.842 1978 1.077 
StDew 0.075 O.O34 O.O2S 
Resolution (2*stdev) O.O79 O.284 

0029 Sensor compositions made with bromocresol green 
as the ammonia-sensitive indicator dye produced a 48% 
change for exposure to 1.0 ppm Solution and 14% change for 
0.1 ppm Solutions. Sensor compositions made with bromo 
cresol green as the ammonia-sensitive indicator dye produced 
56% change for 1.0 ppm solution and 28% change for 0.1 
ppm Solutions. Both sensor compositions have the potential 
of detecting below 0.1 ppm ammonia. Sensor compositions 
made with bromocresol green as the ammonia-sensitive indi 
cator dye were measured continuously on a KT5 photodetec 
tor system for 30 days to determine stability. The sensor 
composition was cycled between 0 ppm and 5 ppm twice 
daily. Measurement error as result of signal drift was less than 
0.1 ppm. 

Fluorescent Techniques 
0030 Fluorescence intensity of an indicator dye, for 
instance, employing a free base porphyrin, can be used to 
detect ammonia's presence. This example is based on an 
equilibrium between luminescent (light emitting) free-base 
porphyrin molecules, where the equilibrium constant is 
altered by the presence of ammonia. The equilibrium is an 
acid-base titration example of free base porphyrins. Free-base 
porphyrins show distinct spectral changes on the addition of 
either strong acids or strong bases (Austin and Gouterman, 
Bioinorg. Chemistry, 9:281, 1978; and Gouterman and Kha 
lil, J. Molecular Spectroscopy 53:88, 1974). For example, 
free-base porphyrins commonly have four absorption bands 
in the visible region. Upon adding a strong acid to a porphyrin 
Solution a rapid color change was observed accompanied by 
reduction of the absorption bands into only two bands. 
0031. An indicator solution was prepared by dissolving 20 
mg of a free base porphyrin, Tetraphenylporphyrin (HTPP), 
in 10 ml methanol to form a pink colored solution. To the 
HTPP solution a few drops of concentrated hydrochloric 
acid was added. The addition of the acid changed the indicator 
stock solution to a green color. A two square inch piece of 
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PTFE film (Gore-Tex R, 0.2 Lum pore size) was immersed into 
this solution for 30 seconds. The dyed PTFE film was left to 
dry, producing a green colored sensor composition. 
0032. Two pieces of the dried colored sensor composition 
were placed on top of two separate vials. One vial contained 
a buffer solution of ammonia chloride that generated the 
equivalent of 6 ppm of ammonia gas in the vial. The other vial 
contained only the buffer solution. The sensor compositions, 
not in contact with the solution surface, were left for 10 
minutes of exposure. The sensor composition exposed to the 
6 ppm ammonia gas produce a clearly observable reddish 
emission upon radiating with a hand held UV blacklight 
lamp. The other sensor composition showed no visible emis 
Sion. It should be noted that the sensor composition exposed 
to the ammonia gas changed color from green to pink, 
whereas the other did not. 

Product Applications 
0033. One potential product format for a sensor composi 
tion is an indicator-film tape. A flexible tape format for the 
sensor composition can be placed over or wrapped around 
vessels, seams, seals, or joints in plumbing lines, for instance, 
associated with the transfer or containment of ammonia (e.g., 
ammonia refrigeration systems) for leak detection. The sen 
sor composition in this preferred embodiment is thin PTFE 
film of the Sealant-tape type, and to be used in the same 
manner as stretchable pipe-thread tape utilized commonly for 
sealing plumbing joints. The sensor composition in the form 
of a tape or film is wrapped around and covering an area of 
interest to provide an indication of leaks. Ammonia escaping 
through a leak will penetrate the sensor composition tape or 
film and provide a visually discernable identification of the 
leak site based on the ammonia-sensitive indicator dye's 
spectral change. In similar manner of use, the sensor compo 
sition can be used to detect holes and defects in objects or 
materials when ammonia can be applied to one side of the 
object, Such as inside a fuel tank, and the sensor composition 
is placed on the opposing side. 
0034) Tape, which can be peeled off a role, with or without 
an adhesive component, for use Such as pipe-thread tape for 
sealing or cover objects, has advantage in that it can be easily 
dispensed and applied in conformal manner to a site for 
ammonia detection. It can be readily removed and conve 
niently replaced, whereas a paintable application can not. 
0035. In another embodiment of the inventive sensor com 
position, a gas-permeable protective layer is added to the 
sensor composition. For Some applications it may be advan 
tageous to separate the sensor composition from direct con 
tact with the environment or a physical entity (e.g., container 
seam) being monitored. This situation applies, for instance, if 
the sensor film could engender false spectral change due to 
spurious reactions with the entity being monitored (e.g., due 
to chemical contaminates or residues on the entity). In Such 
cases, a gas-permeable membrane can be interposed between 
the sensor composition and the environment being sensed. 
This can be accomplished with a secondary layer of gas 
permeable PTFE not containing ammonia-sensitive indicator 
dye applied to a Surface in direct contact with the monitored 
environment. 
0036. In another embodiment of the inventive sensor com 
position a gas-impermeable protective layer is added to the 
sensor composition. For Some applications it may be advan 
tageous to provide a non-reactive gas-impermeable barrier on 
one side of the sensor composition. The sensitivity of the 
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ammonia-sensitive indicator dye to gas permeation is 
increased by limiting the gas transfer through the sensor 
composition unidirectionally, using a gas-barrier overlay to 
the ammonia-sensitive indicator dye. The gas-barrier serves 
to trap gas, reducing its diffusion and escape, thereby increas 
ing its concentration within the sensor composition, and ulti 
mately enhancing spectral change. This embodiment is par 
ticularly useful for detecting and pinpointing sites of very 
Small gas leaks, i.e., situations involving Small amounts of 
ammonia. 
0037. This configuration is also useful towards protecting 
the sensor composition perse from exposure to an environ 
ment that is not wanted to be monitored, for instance, as might 
contain Substances or contaminates that could produce 
unwanted spurious spectral changes in the ammonia-sensi 
tive indicator dye. An example is the use of a sensor compo 
sition to detect ammonia leaks on a plumbing system. In order 
to identify specific leak sites on the plumbing, it is undesir 
able for the sensor composition to be affected by ammonia 
leaked into the atmosphere potentially causing spectral 
change throughout one or more indicators due to exposure to 
ammonia in the general environment. 
0038. The sensor composition described is useful for 
detecting Volatile amines as indicated. A useful exemplary 
application in this regard is the sensing of trimethylamine and 
dimethylamine. These volatile compounds are produced as a 
result of microbial activity associated with spoilage of fish 
and shellfish. The volatile amines liberated from the meat 
product react with the sensor composition producing a mea 
Surable change in a manner that is indicative of the freshness, 
or alternatively, the state of deterioration of the food product. 
0039. The sensor composition for ammonia can also serve 
as an indicator for similarly measuring compounds that will 
engender ammonia and/or Volatile amines. It can be adapted 
to detect or measure other compounds in an environment, 
indirectly, if the compound is Subjected to a chemical reaction 
that liberates gaseous ammonia oramines. In this context, two 
examples are the sensing of histamine and urea. Histamine 
can be catalytically cleaved using the enzyme diamine oxi 
dase, and similarly the enzyme urease will cleave urea, both 
liberating ammonia. The released Volatile ammonia is Subse 
quently detected using the sensor composition having a solid 
phase ammonia-sensitive indicator dye. For instance, we 
have measured optically the liberation of ammonia from his 
tamine in a pH 7.4 buffer solution upon addition of diamine 
oxidase. 
0040. The sensor composition can further be employed as 
a means of detecting or measuring a volatile acid, such as 
hydrochloric acid. When the sensor composition is in the 
basic form, Such as identified in previously cited cases using 
exposure to ammonia, it exhibited the spectral characteristic 
indicative of that form. For instance, the bromocresol green 
sensor composition attained a blue coloration as indicated. 
When in the basic form, if exposed to a fuming acid solution 
or an acid gas vapor, Such as was previously described as a 
means of assuring that the indicator dye is in the acid form, the 
indicator composition changes. In the case of the bromocresol 
green sensor composition attaining a yellow color. As such, 
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the described indicator composition can be adapted to detec 
tion of a volatile acid per this example. This same utility is 
similarly illustrated in the example describing the indicator 
composition made with free base porphyrin, which exhibited 
changes from red light fluorescent emissive to non-emissive, 
or from pink to green, when converted from the basic to the 
acidic form, and visa Versa. 

1. A sensor composition for detecting and measuring Vola 
tile acidic or basic compounds in a gas or liquid state fluid, 
comprising an ammonia-sensitive indicator dye having mea 
Surable spectral characteristics immobilized in or on a poly 
tetrafluoroethylene (PTFE) solid substrate, whereby expo 
Sure to a volatile acidic or basic compound causes a change in 
spectral characteristics of the ammonia-sensitive indicator 
dye. 

2. The sensor composition of claim 1 wherein the volatile 
acidic or basic compound is selected from the group consist 
ing of hydrochloric acid, ammonia, ammonium, Volatile 
amines, glacial acetic acid, and combinations thereof. 

3. The sensor composition of claim 2 wherein the volatile 
amines are trimethylamine, dimethylamine, or combinations 
thereof. 

4. The sensor composition of claim 1 wherein the PTFE 
solid substrate is in the form of a gas-permeable film. 

5. The sensor composition of claim 1 wherein the ammo 
nia-sensitive indicator dye is selected from the group consist 
ing of bromophenol-blue, bromocreosol green, thymol blue, 
methyl crystal purple, chlorophenol red, tetraphenylporphy 
rin (HTPP), and combinations thereof. 

6. The sensor composition of claim 1 wherein the solid 
substrate is particulate PTFE and the sensor composition is 
Suspended in a paste or paint solution for application onto a 
Surface. 

7. A method for detecting and measuring volatile acidic or 
basic chemical compounds in a gas or liquid state fluid, com 
prising: 

(a) placing a sensor composition in a environment for 
detecting Volatile acidic or basic chemical compounds, 
wherein the sensor composition comprises an ammonia 
sensitive indicator dye having measurable spectral char 
acteristics, immobilized in or on a solid Substrate; 

(b) determining the amount of volatile acidic or basic 
chemical compound present by measuring spectral 
change in the wavelengths of light (electromagnetic 
radiation) that are absorbed or emitted by the ammonia 
sensitive indicator dye, or by observing a color change. 

8. The method of claim 7 wherein the volatile acidic or 
basic chemical compound is selected from the group consist 
ing of ammonia, ammonium, Volatile amines, glacial acetic 
acid, and combinations thereof. 

9. The method of claim 7 wherein the presence of ammo 
nia, ammonium, or Volatile amines present on the sensor 
composition is determined via a fiberoptic probe placed on 
the sensor composition. 

10. The method of claim 7 wherein the absorbance or 
luminescent measurement of spectral change is determined 
with a spectrophotometer. 
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