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(57) ABSTRACT 

A device for detecting a compound in a sample includes a 
substrate and a self-assembled monolayer. The substrate 
includes a support With a metalliZed top surface, and the 
self-assembled monolayer includes an alkanethiol attached 
to the metalliZed top surface of the substrate and having a 
functional group that reversibly or irreversibly interacts With 
the compound. A liquid crystal is disposed on the self 
assembled monolayer opposite the side of the self-as 
sembled monolayer attached to the metalliZed top surface of 
the substrate. The liquid crystal includes a moiety that 
interacts With the functional group of the alkanethiol. When 
the compound is present in a sample that contacts the 
self-assembled monolayer, the orientation of the liquid crys 
tal is altered. 
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DETECTING COMPOUNDS WITH LIQUID 
CRYSTALS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/931,635, ?led Aug. 16, 2001, Which in turn 
claims the bene?t of US. Provisional Application No. 
60/275,752, ?led Mar. 14, 2001, the entire disclosures of 
Which are incorporated herein by reference. 

GOVERNMENT RIGHTS 

[0002] This invention Was made With United States gov 
ernment support aWarded by the following agency: NAVY 
N00014-99-1-0250. The United States has certain rights in 
this invention. 

FIELD OF THE INVENTION 

[0003] The invention relates generally to methods and 
devices for detecting compounds in samples. More particu 
larly, the invention relates to methods and devices for 
detecting compounds With liquid crystals based on revers 
ible or nonreversible interactions betWeen compounds and 
functional groups on a surface that can detect such interac 
tions. 

BACKGROUND OF THE INVENTION 

[0004] The ability to detect the presence of compounds in 
samples is extremely important in commerce and everyday 
life. The ?eld of analytical chemistry has thus seen continu 
ous development in this area. Although various methods 
have been developed that alloW for the detection of various 
target species in samples taken from sources such as the 
environment, a continuing need remains for devices and 
methods for detecting such compounds. 

[0005] While certain methods have been developed for the 
detection of organoamines and organophosphorus com 
pounds, a need remains for methods Which do not require 
expensive instrumentation and Which are both convenient 
and easy to use. Organophosphorus compounds such as 
organophosphonates are knoWn to destroy nerve impulse 
transmissions betWeen nerve ?bers, muscles, and glands 
Within mammals and insects. Therefore, these compounds 
have been utiliZed as nerve agents for chemical Warfare and 
as pesticides in commercial agricultural applications. The 
toxicity of many of these materials, as measured by the LD5O 
value, from inhalation into the lungs of the most common 
such chemical Warfare agents is around 200 ppbv. Further 
more, organophosphonates may be delivered through a 
variety of routes including by absorption through the skin, 
by injection into a vein, by injection under the skin, and by 
oral delivery. The exposure criteria for many pesticides and 
insecticides is less clear because a Wide variety of organo 
phosphonates have been synthesiZed. Conventionally, expo 
sure of agricultural Workers to organophosphonates is con 
ducted using body ?uids because measurements of vapor 
concentrations of these materials remains di?icult. There 
fore, occupational monitoring of these compounds has 
focused on measuring the enzymatic activity of cholinest 
erase in blood samples, by analyZing metabolite byproducts 
in urine samples, and by analyZing saliva or perspiration. 
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[0006] Past studies for detecting organophosphonates 
have employed a Wide range of coating materials and 
schemes for transducing physical changes in the states of the 
coatings. These schemes include: optical techniques that use 
?ber-optic micromirrors and Waveguides; electrical resistiv 
ity methods; mass-sensitive methods such as quartz crystal 
microbalances and surface acoustic Wave devices; cantilever 
sensors that de?ect upon absorption of analyte; lanthanide 
ions that luminesce upon coordination of the organophos 
phonate With the copolymer; and surface analytical tech 
niques such as infrared spectroscopy. M. A. Butler, A. J. 
Ricco, Anal. Chem, 1992, 64, 1851; J. F. Giuliani, N. L. 
Jarvis, A. SnoW, ACS Symposium Series No. 309, 1986, 320; 
M. EldefraWi, K. Rogers, A. EldefraWi, Pesticides and the 
Future: Toxicological Studies of Risks and Bene?ts, Reviews 
in Pesticides Toxicology 1, edited by Hodgson, E., Roe, R. 
M., Motoyama, N., Department of Toxicology, University of 
North Carolina, Raleigh, 1991; E. S. Kolesar Jr., R. M. 
Walser, Anal. Chem, 1988, 60, 1731; E. S. Kolesar Jr., R. M. 
Walser, Anal. Chem, 1988, 60, 1737; S. W. Oh, Y. H. Kim, 
D. J. Yoo, S. M. Oh, S. J. Park, Sensors Actuat B., 1993, 
13-14, 400; 0. S. Milanko, S. A. Milinkovic, L. V. Rajakovic, 
Anal. Chem. Acta., 1992, 269, 289; W. P. Carey, B. R. 
KoWalski, Anal. Chem, 1986, 50, 3077; M. S. NieuWen 
huiZen, J. L. N. Hartveld, Sensors Actuat B., 1994, 18-19, 
502; M. S. NieuWenhuiZen, J. L. N. Hartveld, Talanta., 
1994, 41, 461; J. W. Grate, S. N. Kaganove, S. J. Patrash, R. 
Craig, M. Bliss, Chem. Mater, 1997, 9, 1201; L. Bertilsson, 
K. Potje-Kamloth, H.-D. Liess, B. Leidberg, Langmuir 
1999, 15, 1128; G. Li, L. W. Burggraf, Appl. Phys. Lett., 
2000, 76, 1122; A. L. Jenkins, 0. M. Uy, G. M. Murray, Anal. 
Comm, 1997, 34, 221; and A. L. Jenkins, 0. M. Uy, G. M. 
Murray, G. M. Anal. Chem, 1999, 71, 373. 
[0007] The detection of biogenic amines is important 
because these compounds are markers of the freshness of 
foods such as ?sh and meat. Common biogenic amines such 
as histamine, putrescine, and cadaverine are produced by the 
microbial decarboxylation of the amino acids histidine, 
omithine, and lysine, respectively. In order to provide a fresh 
and safe food supply, governments such as the United States 
have placed maximum limits for these materials in foods. A 
convenient and simple method for detecting these com 
pounds is thus an important problem that has not yet been 
resolved. 

[0008] Past studies of the binding of loW molecular Weight 
compounds such as amines to receptors hosted on surfaces 
have employed one of three general transduction schemes; 
optical techniques that utiliZe ?uorescence, chemilumines 
cence or Waveguide/surface plasmon resonance; electrical 
methods utiliZing potentiometric, amperometric, and con 
ductive techniques; and mass-sensitive methods such as 
quartz crystal microbalance and surface acoustic Wave 
devices. T. M. SWager, Acc. Chem. Res., 1998, 31, 201; E. 
Delamarche, A. Bernard, H. Schmid, B Michel, J. A. Bie 
buyck, Science, 1997, 276, 779; E. V. Groman, J. M. 
Rothenberg, E. A. Bayer, M. Wichek, Methods Enzymol, 
1990, 184, 208-217; L. Yang, S. S. Saavedra Anal. Chem, 
1995, 67, 1307; L. S. Jung, C. T. Campbel, T. M. ChinoWsky, 
M. N. Mar, S. S. Yee, Langmuir, 1998, 14, 5636; R. P. Buck, 
E. Lindner, Acc. Chem. Res., 1998, 31, 257; M. Niculescu, 
C. Nistor, I. Frebort, P. Pe, B. Mattiasson, E Csoregi, Anal. 
Chem, 2000, 72, 1591; J. Wang, Q. Chen, C. L. Renschler, 
C. White, Anal. Chem, 1994, 66: 1988; H. Bayley, C. R. 
Martin, Chem. Rev., 2000, 100, 2575; C Barnes, C. D’Silva, 
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J. P. Jones, T. J. Lewis, Sensors and Actuators A, 1992, 31, 
159; M. Rodahl, F. Hoeoek, B. Kasemo, Anal. Chem, 1996, 
68, 2219; S. Yao, K. Chen, D. Liu, L. Nie, Anal. Chim. Acla., 
1994, 294, 311; J. W. Grate, Chem. Rev., 2000, 100, 2627; 
and S. J. Martin, G. C. Frye, S. D. Senturia, Anal. Chem, 
1994, 66, 2201. 

[0009] Although many of the conventional assay methods 
Work Well in detecting the presence of target species, most 
conventional assay methods are expensive and often require 
instrumentation and highly trained individuals, Which makes 
them dif?cult to use routinely in the ?eld. For example, the 
detection of analytes using ?uorescence or chemilumines 
cence techniques requires the use of labels While electrical, 
mass-sensitive, and surface plasmon techniques require 
complex instrumentation. Thus, a continuing need exists for 
assay devices and systems Which are easier to use, Which do 
not require complex instrumentation, and Which alloW for 
evaluation of samples in remote locations Where quick 
results may be required. 

[0010] Recently, assay devices that employ liquid crystals 
have been disclosed. For example, a liquid crystal assay 
device using mixed self-assembled monolayers (SAMs) 
containing octanethiol and biotin supported on an anisotro 
pic gold ?lm obliquely deposited on glass has recently been 
reported. Gupta, V. K.; Skaife, J. J .; Dubrovsky, T. B., Abbott 
N. L. Science, 279, (1998), pp. 2077-2079. In addition, PCT 
publication WO 99/63329 published on Dec. 9, 1999, dis 
closes assay devices using SAMs attached to a substrate and 
liquid crystal layer that is anchored by the SAM. 

[0011] Although various methods have been used to detect 
the presence of a compound in a sample, a continuing unmet 
need exists for a simple device and method that may be used 
to rapidly detect the presence of a compound in liquid or 
gaseous samples. A continuing need also remains for a 
method of manufacturing a device for use in detecting the 
presence of compounds in a sample. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides devices and meth 
ods for detecting the presence of a compound in a sample. 
The invention also provides optical cells and kits for 
employment in detecting the presence of a compound in a 
sample. 
[0013] A device for detecting the presence of a compound 
in a sample is provided. The device includes a substrate, a 
self-assembled monolayer, and a liquid crystal. The sub 
strate of the device includes a support With a metalliZed top 
surface, and the self-assembled monolayer includes an 
alkanethiol attached to the metalliZed top surface of the 
substrate. The alkanethiol of the device includes a functional 
group that reversibly or irreversibly binds or interacts With 
the compound. The liquid crystal is disposed on a top surface 
of the self-assembled monolayer opposite the side of the 
self-assembled monolayer attached to the metalliZed top 
surface of the substrate, and the liquid crystal includes a 
moiety that interacts With the functional group of the 
alkanethiol. When the compound is present in a sample that 
contacts the self-assembled monolayer, the orientation of the 
liquid crystal disposed on the self-assembled monolayer is 
altered. 

[0014] The invention also provides devices in Which the 
functional group of the alkanethiol of the device includes a 
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functional group selected from a carboxylic acid or a metal 
carboxylate. In other devices, the functional group is a 
carboxylic acid Whereas in still other devices the functional 
group of the alkanethiol is a metal ion complex such as a 
metal carboxylate formed from a metal ion and a carboxylic 
acid group on the alkanethiol. In yet other devices, the 
functional group on the alkanethiol is a copper carboxylate 
group, more preferably a Cu+2 carboxylate. 

[0015] Devices are also provided in Which the liquid 
crystal is a nematic liquid crystal. In yet other devices, the 
liquid crystal includes a nitrile group, and the functional 
group of the alkanethiol is a carboxylic acid or a metal 
carboxylate. In still other provided devices, the liquid crystal 
is 4-cyano-4'-pentylbiphenyl. 

[0016] Devices are also provided in Which the alkanethiol 
has the formula HS(CH2)nCO2H and n is an integer selected 
from the group consisting of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, and 20. In other devices, nis 
10. 

[0017] Other devices are provided in Which the metalliZed 
top surface of the substrate includes a metal selected from 
gold or silver Whereas in other devices the metal is gold. In 
some devices, the gold is obliquely deposited at an angle of 
from about 30° to about 60° to a top surface of the support. 
In still other devices, gold is obliquely deposited at an angle 
of about 50° to the top surface of the support. In still other 
such devices, the gold is deposited over a layer of an 
adhesion promoting material such as titanium. In still other 
devices, the support is a glass plate or a glass slide. 

[0018] Devices are provided in Which the uniformity in the 
orientation of the liquid crystal on the top surface of the 
self-assembled monolayer increases When the self-as 
sembled monolayer is exposed to the sample and the sample 
includes the compound. Yet other devices are provided in 
Which the uniformity in the orientation of the liquid crystal 
on the top surface of the self-assembled monolayer 
decreases When the self-assembled monolayer is exposed to 
the sample and the sample includes the compound. 

[0019] Optical cells are also provided. Optical cells 
include a device for detecting the presence of a compound 
in a sample having any of the characteristics described 
above and a second surface that uniformly aligns the liquid 
crystal When the liquid crystal contacts the second surface. 
The second surface contacts a ?rst surface of the liquid 
crystal Which is opposite a second surface of the liquid 
crystal that contacts the self-assembled monolayer of the 
device. 

[0020] Optical cells are provided in Which the second 
surface that uniformly aligns the liquid crystal is a rubbed 
surface. Still other optical cells are provided in Which the 
second surface that uniformly aligns the liquid crystal is a 
second self-assembled monolayer on a second metalliZed 
surface of a second support. Still other optical cells are 
provided in Which the optical cell de?nes a space betWeen 
the top surface of the self-assembled monolayer of the 
device and the second surface that uniformly aligns the 
liquid crystal. 

[0021] Methods for detecting the presence of a compound 
in a sample are also provided. A method for detecting the 
presence of a compound in a sample includes contacting a 
device for detecting the presence of a compound in a sample 
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With the sample Where the device includes a substrate that 
includes a support having a metalliZed top surface and a 
self-assembled monolayer. The self-assembled monolayer 
includes an alkanethiol attached to the metalliZed top surface 
of the metalliZed top surface of the substrate, and the 
alkanethiol includes a functional group that reversibly or 
irreversibly interacts With the compound. The method fur 
ther includes disposing a liquid crystal on a top surface of 
the self-assembled monolayer of the substrate and determin 
ing Whether the orientation of the liquid crystal on the 
self-assembled monolayer changes after the device contacts 
the sample. The liquid crystal has a moiety that interacts 
With the functional group of the alkanethiol of the self 
assembled monolayer. 

[0022] Methods are further provided in Which the liquid 
crystal is disposed on the surface of the self-assembled 
monolayer of the substrate after the device contacts the 
sample Whereas other methods are provided in Which the 
liquid crystal is disposed on the surface of the self-as 
sembled monolayer before the device contacts the sample. 

[0023] Still other methods are provided in Which the 
functional group of the alkanethiol and the alkanethiol have 
any of the characteristics described above With respect to the 
device for detecting the presence of a compound in a sample. 

[0024] Still other methods are provided in Which the liquid 
crystal has any of the characteristics described above With 
respect to the device for detecting the presence of a com 
pound in a sample. 

[0025] Still other methods are provided in Which the 
metalliZed top surface of the device has any of the charac 
teristics described above With respect to the device for 
detecting the presence of a compound in a sample. 

[0026] Still other methods are provided in Which the 
support is a glass plate or a glass slide. 

[0027] Methods for detecting the presence of a compound 
in a sample are provided in Which the uniformity in the 
orientation of the liquid crystal disposed on the self-as 
sembled monolayer increases after the device is contacted 
With the sample When the sample includes the compound. 

[0028] Still other methods are provided in Which the 
device for detecting the presence of a compound in a sample 
is a component of an optical cell that includes a second 
surface that uniformly aligns the liquid crystal When the 
liquid crystal contacts the second surface. 

[0029] In still other provided methods and devices, the 
compound that the functional group of the alkanethiol 
interacts With is an amine such as an alkylamine. Still other 
methods are provided in Which the alkylamine has the 
formula H2N(CH2)mCH3, Wherein m has a value of 0, l, 2, 
3, 4, 5, 6, 7, 8, 9, or 10. In yet other methods and devices, 
In has a value of 5 such that the alkylamine is hexyl amine. 
Still other methods and devices are provided in Which the 
amine is a biogenic amine such as putrescine, cadaverine, or 
histamine. 

[0030] In still other provided methods and devices, the 
compound that the functional group of the alkanethiol 
interacts With is a phosphorus compound. In still other 
methods and devices, the compound that the functional 
group of the alkanethiol interacts With is an organophos 
phonate such as a dialkyl alkylphosphonate such as dimethyl 
methylphosphonate. 
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[0031] Still further methods and devices are provided in 
Which the sample is a gaseous sample such as the gas in a 
room or outdoor environment Whereas in other methods and 
devices, the sample is a liquid sample. 

[0032] Kits for detecting the presence of a compound in a 
sample are also provided. Kits for detecting the presence of 
a compound in a sample include a substrate having a support 
With a metalliZed top surface; an alkanethiol having a 
functional group that reversibly or irreversibly interacts With 
the compound; and a liquid crystal having a moiety that 
interacts With the functional group of the alkanethiol. 

[0033] Still further kits are provided Wherein the 
alkanethiol is attached to the metalliZed top surface of the 
substrate. Still other provided kits include instructions for 
detecting the presence of a compound Whereas in further 
provided kits, the functional group of the alkanethiol 
includes a carboxylic acid or a metal carboxylate functional 
group. 

[0034] Kits are further provided in Which the liquid crys 
tal, alkanethiol, substrate, and/or metalliZed top surface have 
any of the characteristics set forth above With respect to the 
device for detecting the presence of a compound in a sample. 

[0035] A method for manufacturing a device for detecting 
the presence of a compound is still further provided. The 
method includes depositing a metal on a surface of a support 
to form a support With a metalliZed surface; contacting an 
alkanethiol With the metalliZed surface of the support to 
form a self-assembled monolayer With a bottom surface 
attached to the metalliZed top surface of the support and a 
top surface; and depositing a liquid crystal on the top surface 
of the self-assembled monolayer. The alkanethiol includes a 
functional group that reversibly or irreversibly interacts With 
the compound, and the liquid crystal includes a moiety that 
interacts With the functional group of the alkanethiol. 

[0036] Other methods for manufacturing a device for 
detecting the presence of a compound in a sample are 
provided in Which the contacting of the alkanethiol With the 
metalliZed surface of the support includes contacting a 
carboxylic acid on the alkanethiol With a metal salt such as 
a copper salt to provide a metal carboxylate such as a Cu+2 
carboxylate. 

[0037] Still other methods for manufacturing a device for 
detecting the presence of a compound are provided Which 
include positioning a second surface above the top surface of 
the self-assembled monolayer. In such methods, the second 
surface preferably uniformly aligns the liquid crystal When 
the liquid crystal contacts the second surface. In still other 
such methods the second surface is a second support that 
includes a metalliZed surface that has a second self-as 
sembled monolayer on it that includes a second alkanethiol. 
In some such methods the second alkanethiol is different 
from the alkanethiol having the functional group that inter 
acts With the compound. 

[0038] Still further methods for manufacturing a device 
for detecting the presence of a compound in a sample are 
provided in Which the alkanethiol, the functional group of 
the alkanethiol, the liquid crystal, the support, and/or the 
metalliZed top surface of the support having any of the 
features described above With respect to the device for 
detecting the presence of a compound in a sample. 
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[0039] Further methods for manufacturing a device for 
detecting the presence of compounds in a sample are pro 
vided in Which the compound to be detected has any of the 
features described above. 

[0040] Further objects, features and advantages of the 
invention Will be apparent from the following detailed 
description When taken in conjunction With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a schematic diagram ofa cross section of 
a preferred device for detecting the presence of a compound 
in a sample. 

[0042] FIGS. 2A and 2B are draWings shoWing the optical 
textures (cross polars) formed by nematic 5CB Within opti 
cal cells (thickness of about 12 um) prepared With one 
surface supporting a SAM patterned using H3C(CH2)14SH 
and an opposing surface supporting a SAM patterned using 
HOOC(CH2) 1OSH and H3C(CH2)l1SH pretreated at a pH of 
3.2 prior to exposure to n-hexylamine (FIG. 2A) and after 
exposure (FIG. 2B) to a gaseous sample containing 12 ppmv 
of n-hexylamine for 2 minutes. 

[0043] FIG. 3 is a graph shoWing the ellipsometric thick 
ness of bound n-hexylamine as a function of the vapor 
concentration of n-hexylamine in ppmv for a SAM formed 
from HOOC(CH2)SH Where O indicates an in-plane orien 
tation of 5CB that is perpendicular to the direction of gold 
deposition and 0 indicates an in-plane orientation of 5CB 
that is parallel to the direction of gold deposition. 

[0044] FIG. 4 is a graph shoWing the ellipsometric thick 
ness of bound n-hexylamine as a function of the vapor 
concentration of n-hexylamine in ppmv for a SAM formed 
from 80% HOOC(CH2)SH and 20% H3C(CH2)SH Where O 
indicates an in-plane orientation of 5CB that is perpendicu 
lar to the direction of gold deposition and 0 indicates an 
in-plane orientation of 5CB that is parallel to the direction of 
gold deposition. 
[0045] FIG. 5 is a schematic illustration of the concentra 
tion and hydrodynamic boundary layers for a liquid crystal 
on a SAM. 

[0046] FIG. 6 is a graph shoWing the ellipsometric thick 
ness of bound n-hexylamine as a function of the vapor 
concentration of n-hexylamine in ppbv for a SAM formed 
from HOOC(CH2)SH With a noZZle spaced 1 mm (C and 0) 
and 2 mm from the SAM (I and El) Where O and I indicate 
an in-plane orientation of 5CB that is perpendicular to the 
direction of gold deposition and III and 0 indicate an 
in-plane orientation of 5CB that is parallel to the direction of 
gold deposition. 
[0047] FIG. 7. is a graph shoWing the ellipsometric thick 
ness of bound n-hexylamine as a function of the vapor 
concentration of n-hexylamine in ppbv for a SAM formed 
from 80% HOOC(CH2)SH and 20% H3C(CH2)1OSH With a 
noZZle spaced 1 mm from the SAM Where 0 indicates an 
in-plane orientation of 5CB that is perpendicular to the 
direction of gold deposition and 0 indicates an in-plane 
orientation of 5CB that is parallel to the direction of gold 
deposition. 
[0048] FIGS. 8A and 8B are images of the optical textures 
(parallel polars) of 5CB Within optical cells formed With one 
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surfaces supporting a SAM formed from H3C(CH2)14SH 
and an opposing surface Which is supporting a SAM con 
taining alkanethiols With a carboxylic acid functional group. 
The central lighter area Was created by exposing the liquid 
crystal coated SAM to a nitrogen stream containing vapor 
concentration of 2 ppmv (FIG. 8A) and 50 ppbv (FIG. 8B) 
of n-hexylamine. 

[0049] FIG. 9 is a graph shoWing the ellipsometric thick 
ness of SAMs formed from HOOC(CH2)SH after immersion 
in ethanolic solutions of Cu(ClO4)2 Where O indicates 
homeotropic orientations Within the optical cells and 0 
indicates non-homeotropic orientations Within the optical 
cells. 

[0050] FIG. 10 is a graph shoWing the amount of copper 
and cadmium complexed on SAMs formed from 
HOOC(CH2)SH after immersion in ethanolic solutions of 
Cu(ClO4)2 or Cd(NO3)2 as measured by the ratio of Cu(2p3/ 
2)/O(ls)(@and O) and Cd(3d5/2)/O(ls) (III) using XPS 
Where O indicates homeotropic orientations Within the opti 
cal cells and 0 indicates non-homeotropic orientations 
Within the optical cells. 

[0051] FIGS. 11A through 11F are optical images (taken 
betWeen cross polars) shoWing the time-dependent change in 
orientation of a ?lm of nematic 5CB (thickness of about 4 
pm) spin-coated on a SAM formed from HOOC(CH2)lOSH 
pretreated by immersion in an ethanolic solution of 100 mM 
Cu(ClO4)2 upon exposure to 500 ppbv dimethyl meth 
ylphosphonate convected through a obliquely cut noZZle 3 
mm from the surface of the ?lm. 

[0052] FIG. 12 is a graph shoWing the average luminance 
of a ?lm of 5CB (thickness of about 4 pm) on a SAM formed 
from HOOC(CH2) l0SH that Was pretreated by immersion in 
an ethanolic solution of 100 mM Cu(ClO4)2 after exposure 
to dimethyl methylphosphonate from a noZZle located at 2 
mm above the surface at concentrations of (O) 20 ppbv, (0) 
85 ppbv, (El) 1 ppmv and (Q) 2 ppmv. 

[0053] FIG. 13 is a graph shoWing the luminance of ?lms 
of 5CB after exposure to dimethyl methylphosphonate con 
vected from noZZles located 2 mm (?lled symbols) and 3 
mm (open symbols) from the surface for concentrations of 
dimethyl methylphosphonate of 200 ppbv (O and 0) or 1 
ppmv (I and III). 

[0054] FIG. 14 is a graph shoWing the response times of 
?lms of 5CB (thickness of about 4 pm) as function of the 
concentration of dimethyl methylphosphonate as observed 
at luminances of betWeen 40% and 50% caused by the 
change in orientation of the 5CB supported on SAMs With 
Cu+2 carboxylates after exposure to dimethyl methylphos 
phonate convected to the surface at spacing of 2 mm (C) and 
3 mm (0) from the surface of the ?lm at concentrations of 
betWeen 20 ppbv and 900 ppmv. 

[0055] FIG. 15 is a graph shoWing the reversibility of 
dimethyl methylphosphonate (l0 ppmv convected through a 
noZZle 3 mm from the surface of the ?lm of 5CB) binding 
to 5CB coated SAM formed from HOOC(CH2)lOSH pre 
treated by immersion in a 100 mM solution of Cu(ClO4)2 as 
determined by luminance measurements. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] Generally, the invention provides devices, optical 
cells, kits, and methods for detecting the presence of a 
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compound in a sample. The invention also generally pro 
vides methods for preparing devices and optical cells for 
detecting the presence of a compound in a sample. 

[0057] All ranges recited herein include all combinations 
and subcombinations included Within that range’s limits. For 
example, a deposition angle of from about 30° to about 60° 
includes ranges of from 30° to 60°, of from 35° to 55°, of 
from 40° to 52°, of from 50° to 60, and angles of about 50°, 
of 50°, of about 45°, and of about 55° etc. 

[0058] Some of the characteristics Which a suitable device 
for detecting compounds should possess generally include: 
a surface With a functional group that reversibly or irrevers 
ibly interacts With the compound to be detected and a liquid 
crystal that includes a moiety Which reversibly interacts With 
the functional group of the surface. The liquid crystal is 
typically deposited over the surface With the functional 
group that interacts With the compound, and the interaction 
of the moiety of the liquid crystal With the functional group 
of the surface is preferably Weaker than the interaction 
betWeen the compound and the functional group such that 
the liquid crystal is competitively displaced by the com 
pound leading to a visually detectable change in the orien 
tation of the liquid crystal on the surface. 

[0059] The surface With the functional group that interacts 
With the compound and moiety of the liquid crystal may take 
various forms. In one preferred embodiment, the surface is 
a self-assembled monolayer (SAM) formed from a thiol that 
includes the functional group that interacts With the com 
pound to be detected, and the surface overlies a metalliZed 
top surface of a substrate that includes a support. HoWever, 
this is not required in the devices and optical cells used to 
detect the compounds in a sample. Other preferred devices 
for detecting the presence of a compound include a surface 
With functional groups that comprises a semiconductor 
based material With a self-assembled monolayer overlying it 
that includes the functional groups. The self assembled 
monolayer in preferred such devices is an alkanethiol that 
bears the functional group. Gallium arsenide is an example 
of one preferred semiconductor material that may be used in 
such a device, although any other suitable semiconductor 
material that forms self-assembled monolayers knoWn to 
those skilled in the art may also be employed. Thus, many 
different types of surface With functional groups may be 
utiliZed in devices for detecting the presence of a compound. 
For example, surfaces With functional groups may comprise 
polymeric surfaces With functional groups that interact With 
the compound or a portion of the compound and the moiety 
of the liquid crystal. Displacement of the liquid crystal from 
the functional group by the compound When it is present 
produces the change in the orientation of the liquid crystal 
Which is visualiZed indicating the presence of the com 
pound. Suitable surfaces With functional groups include, but 
are not limited to, the preferred SAM formed from an 
alkanethiol or other thiol With a functional group that 
interacts With the compound as described above; polymers 
With the functional groups; rubbed surfaces With the func 
tional groups; and inorganic surfaces, such as, but not 
limited to those formed from silica that have been contacted 
With solutions of metal ions such that ion exchange leads to 
the incorporation of a desired metal ion onto the surface of 
the glass. In some cases the inorganic surfaces can be 
obliquely deposited. 
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[0060] Generally, the surface including the functional 
groups that interact With the compound overly a support 
forming a substrate. A Wide variety of materials may be used 
as supports in the devices and methods of the present 
invention as Will be apparent to those skilled in the art. 
Preferred supports include polymers and silica-containing 
materials such as glass and quartz. Examples of polymeric 
supports include, but are not limited to, polystyrene, poly 
carbonates, and polymethyl methacrylate. Other materials 
suitable for use as supports include metal oxides such as, but 
not limited to, indium oxide, tin oxide, and magnesium 
oxide and metals such as, but not limited to, gold, silver, and 
platinum. Still other materials that may be used as supports 
include cellulosic materials such as nitrocellulose, Wood, 
paper, and cardboard, and sol-gel materials. Especially pre 
ferred supports include glass, quartZ, and silica, and most 
preferred supports include glass slides, glass plates, and 
silica Wafers. Preferably, such supports are cleaned prior to 
use. For example, glass slides and plates may be cleaned by 
treatment in “piranha solution” (70% H2SO4/30% H2O2) for 
1 hour and then rinsed With deioniZed Water before drying 
under a stream of nitrogen. “Piranha solution” requires care 
in handling as it reacts violently With organic compounds 
and should not be stored in closed containers. 

[0061] Apreferred substrate for use in accordance With the 
present invention contains a top surface With a layer of 
obliquely deposited metal on it, although various methods 
knoWn to those skilled in the art may be used to prepare a 
metalliZed top surface. Such methods include, but are not 
limited to, evaporation to form a uniformly deposited metal 
surface, sputtering, and electrodeless deposition. Metals that 
may be used include, but are not limited to gold, silver, 
copper, platinum, and palladium. Preferred metals include 
gold and silver With gold being especially preferred. Typi 
cally, an obliquely deposited gold or silver surface Will 
overlay a surface of titanium or another adhesion promoting 
material Which has already been deposited on a top surface 
of the support. The use of the titanium provides better 
adhesion of the obliquely deposited silver, or more prefer 
ably gold in preparing the metalliZed surface. HoWever, use 
of titanium or another adhesion-promoting material is not 
required as suitable detection surfaces and devices may be 
prepared Without the use of such materials. If an adhesion 
promoting material is used, a layer of varying thickness may 
be applied to the underlying support. In preferred embodi 
ments, approximately 10 A of Ti is deposited on a support 
such as a glass slide or plate. In other preferred embodi 
ments, the amount of adhesion-promoting material ranges 
from 5 A to 1000 A, from 5 A to 20 A, and more preferably 
from 8 A to 15 A. Other adhesion promoting materials 
include chromium. Because chromium is mobile in gold, 
titanium is sometimes preferred over chromium When pre 
paring thin ?lms of gold. Still another type of adhesion 
promoter is an organic layer formed from a compound such 
as, but not limited to, mercaptopropyltrimethoxysilane. 

[0062] In more preferred embodiments, a layer of an 
obliquely deposited metal, preferably gold, is deposited on 
a cleaned surface of the support by evaporating it at a rate 
of about 0.2 A/s at a pressure of less than or about 5><l0_6 
torr. See Gupta, V. K. et al. Chemistry of Materials, 8, 
(1996), p. 1366. In other preferred embodiments, a metal 
such as gold is deposited on a top surface of a support that 
contains an adhesion-promoting material such as titanium. 
The layer of a metal such as gold on the metalliZed surface 
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of the support typically ranges from at or about 30 A to at 
or about 500 A, or more preferably from 50 A to 300 A in 
thickness. More preferably, the layer of a metal such as gold 
deposited on the surface of the support ranges from about 80 
A to about 250 A in thickness or from about 90 A to about 
200 A in thickness. Most preferably, the layer of the metal 
such as gold deposited on the support is from 100 A or about 
100 A to 200 A or about 200 A. In some preferred embodi 
ments, gold is deposited at an angle of from 30° or about 30° 
to 50° or about 50°. In other preferred embodiments, gold is 
deposited at an angle of 50°or about 50°. Different angles of 
metal deposition may be preferred depending on the par 
ticular application as Will be apparent to those skilled in the 
art. The metalliZed surface obtained after deposition of the 
metal is generally an anisotropically rough and semi-trans 
parent surface. 

[0063] FIG. 1 is a schematic diagram shoWing the layer 
structure of a preferred device 10 for detecting the presence 
of a compound in a sample. The device 10 includes a 
substrate that includes a support 20 such as a glass slide and 
a metalliZed top surface 40 such as gold overlying a layer of 
an adhesion promoting material 30 such as titanium applied 
on top of support 20. A self-assembled monolayer 50 com 
prises an alkanethiol With a functional group that interacts 
With a moiety of a liquid crystal in a liquid crystal ?lm 60 
applied over self-assembled monolayer 50. 

[0064] As noted above, the device for detecting the pres 
ence of a compound in a sample includes a surface With a 
functional group that reversibly or irreversibly interacts with 
(eg forms hydrogen bonds With, forms metal complexes 
With, has an acid-base interaction With, or covalently bonds) 
at least a portion of the compound to be detected. Although 
the use of a substrate With a metal surface as described above 
is not required, When such a surface is utiliZed it is highly 
preferred that the surface With a functional group that 
interacts With the compound is a SAM formed from a thiol 
such as, but not limited to, an alkanethiol With the functional 
group. Such thiols are typically adsorbed on the metalliZed 
surface of the support and may be used in conjunction With 
other thiols that do not contain the functional group that 
interacts With the compound. The alkanethiol may be 
adsorbed on the metalliZed surface from a solution that 
includes the thiol or thiols. In this manner, the alkanethiol 
Will be adsorbed on the metalliZed surface forming a SAM 
that presents functional groups for interaction With the 
compound When it is present in a sample. 

[0065] Various functional groups that interact With the 
compound to be detected may be used in accordance With 
the present invention. Examples of such groups include, but 
are not limited to: acids such as, but not limited to, carboxy 
lic acids, hydroxamic acids, sulfonic acids, sul?nic acids, 
phosphonic acids, and phosphinic acids; metal complexes of 
acids such as metal carboxylates or metal sulfonates; nitro 
gen-containing functional groups such as pyridine, bipyri 
dine, alkylamines, and phenylamines; metal complexes of 
amines; phosphines; metal complexes of phosphines; metal 
complexes of acetoacetoxy groups; ketones and aldehydes; 
and silicon-containing functional groups such as silanols. 
Preferred functional groups include carboxylic acids and 
metal carboxylates the latter of Which are preferably formed 
by contacting a metal salt With a carboxylic acid. An 
especially preferred functional group is a carboxylic acid 
group on an alkanethiol and metal carboxylates formed 
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therefrom. Preferred alkanethiols With carboxylic acid 
groups include alkanethiols With the formula 
HS(CH2)nCO2H Where n is selected from 1, 2, 3, 4, 5, 6, 7, 
8,9,10,11,12,13,14,15,16,17,18,19,or 20 or more 
preferably Where n is inclusively from 5 to 18, inclusively 
from 8 to 12, or Where n is 10. Preferred metal carboxylates 
include those prepared from transition metals such as, but 
not limited to, Cu, Ag, Au, Zn, Ti, V, Cr, Mn, Fe, Co, Ni, Zr, 
Nb, Mo, Ru, Rh, Pd, Hf, Ta, W, Re, Os, Ir, and Pt, and other 
metals such as La, Sn, and Eu. In addition to the above list 
and Cu+2 , preferred metal salts for preparation of metal 
complex functional groups include Ni2+, Ir°+, Zn2+, C02", 
Mn“, Fe“, V3", Sn4+, La3+, Ag“, Zr“, and Eu“. Copper 
carboxylates, and particularly Cu+2 carboxylates are particu 
larly preferred metal carboxylate functional groups for use 
in the present invention although one skilled in the art Will 
recogniZe that choice of the functional group and the moiety 
of the liquid crystal Will depend on the type of compound to 
be detected. 

[0066] The functional group of the surface may interact 
reversibly or irreversibly With the compound to be detected. 
If the interaction is reversible such as is the case When the 
compound is an organoamine, such as an alkylamine, and 
the functional group is carboxylic acid or When the com 
pound is a dialkyl alkylphosphonate, such as dimethyl 
methylphosphonate, and the functional group is a Cu+2 
carboxylate, then the presence of the compound Will result 
in a temporary change in the orientation of the liquid crystal 
as shoWn in FIG. 15. Such an arrangement is suitable for 
real-time detection of the compound in a sample such as a 
room or outdoor environment, and devices such as badges 
and sensors may be constructed that Will rapidly indicate the 
presence of the compound to a Wearer. If the interaction 
betWeen the functional group and the compound is irrevers 
ible, then the device is suitable for measurement of chronic 
levels of exposure and a personal or area dosimeter may be 
manufactured. 

[0067] As noted above, a preferred surface for detecting 
the presence of a compound in a sample includes a detection 
surface prepared by adsorbing an alkanethiol With a func 
tional group for detecting the compound on a substrate 
having a top surface that contains the obliquely deposited 
gold or silver (the metalliZed surface) overlying a support. 
This is typically accomplished by immersing the substrate 
With the obliquely deposited gold or silver in a solution 
containing the alkanethiol. Alternatively, a solution may be 
dropped or poured onto the surface or otherWise contacted 
With the surface of the support containing the metal. The 
thiol (iSH) group of the alkanethiol binds to the metal on 
the support immobilizing the alkanethiol on the surface and 
forming a SAM. As noted above, the alkanethiol is often 
adsorbed onto the surface of the support from a solution 
containing the alkanethiol. In some embodiments, the 
alkanethiol is present in Water or an alcohol such as ethanol 
or methanol although other liquids may also be employed in 
accordance With the invention. 

[0068] Various alkanethiols Without functional groups 
may be used in conjunction With the alkanethiol including 
the functional group to prepare suitable detection surfaces. 
Suitable such alkanethiols include, but are not limited to, C4 
to C20 alkanethiols such as butanethiol, pentanethiol, hex 
anethiol, heptanethiol, octanethiol, nonanethiol, decanethiol, 
undecanethiol, dodecanethiol, tridecanethiol, tetrade 
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canethiol, pentadecanethiol, hexadecanethiol, heptade 
canethiol, octadecanethiol, nonadecanethiol, and 
eicosanethiol. More preferred alkanethiols include C5 to C 16 
alkanethiols, C6 to C16 alkanethiols, C8 to C14 alkanethiols, 
and C10 to C14 alkanethiols. Those skilled in the art Will 
recognize that dialkyl disul?des, RiSiSiR, may also be 
used to prepare suitable detection surfaces. Generally, the 
amount of alkanethiol Without the functional group Will 
range from 0% to about 30%, from 0% to about 25%, or 
from 0% to about 20% of the total alkanethiols used. 
Preferred surfaces are prepared Where the amount of 
alkanethiol Without functional groups is 0% and the amount 
With functional groups is 100%, those Where the amount of 
alkanethiol Without functional groups is 10% and the 
amount With functional groups is 90%, and those Where the 
amount of alkanethiol Without functional groups is 20% and 
the amount of alkanethiol With functional group is 80% 
Where the percentages are determined based on the total 
Weight of alkanethiols used. 

[0069] The concentration of the alkanethiol in the solution 
used for alkanethiol adsorption generally ranges from about 
1 micromolar to 10 millimolar. A preferred concentration 
range is 100 micromolar to 2 millimolar, With adsorption 
times ranging from typically 2 minutes to 24 hours. A 
preferred adsorption time is betWeen 1 hour and 6 hours. 
Typically, preferred surfaces Were prepared by contacting 
metalliZed surfaces of a support With an ethanolic solution of 
an alkanethiol With a functional group such as 

HOOC(CH2)lOSH or a mixture of HOOC(CH2)lOSH and 
H3C(CH2)1OSH at a total alkanethiol concentration of 1 mM 
for a period of at least about 1 hour. Longer or shorter 
contact times may be used as long as a densely packed 
monolayer is obtained as Will be apparent to those of skill in 
the art. Generally, the loWer the concentration of the 
alkanethiol in the alkanethiol solution, the longer the met 
alliZed surface Will be contacted With the alkanethiol solu 
tion. Conversely, the higher the concentration of the 
alkanethiol in the alkanethiol solution, the longer the met 
alliZed surface Will be contacted With the alkanethiol. 

[0070] The alkanethiols are typically adsorbed onto the 
metalliZed surface of the support in solutions at temperatures 
ranging from about 15° C. to about 50° C., from about 20° 
C. to about 40° C., from about 22° C. to about 40° C., or 
from about 25° C. to about 37° C. A preferred temperature 
range is from about 22° C. to about 28° C., and a more 
preferred temperature is about 25° C. or room temperature. 
A steady temperature is not necessary, and the temperature 
may be increased or decreased during the alkanethiol 
adsorption. Sometimes, improved thermal stability of a 
monolayer may be achieved by adsorbing the monolayer at 
an elevated temperature. Generally, the temperature of the 
alkanethiol solution is not critical to the preparation of the 
detection device. After an alkanethiol has been adsorbed 
onto the metalliZed surface of a preferred support, the 
surface of the support is typically rinsed With ethanol. The 
ethanol is then usually removed by bloWing a stream of N2 
or other inert gas over the rinsed surface. 

[0071] In one preferred device for detecting the presence 
of a compound in a sample, a support With a metalliZed top 
surface is ?rst prepared and then a top surface is prepared 
using microcontact printing. In such a method, a stamp is 
?rst prepared using a polymer such as elastomeric polydim 
ethylsiloxane. Such a stamp may be prepared by pouring a 
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mixture of an elastomer such as Sylgard® 184CA brand 
polydimethylsiloxane (PDMS) in a master, such as a silicon 
master, With a curing agent in an appropriate curing ratio 
such as a 10:1 ratio of PDMS to curing agent. The Width and 
depth of the relief may vary according to the application. In 
one application, the Width of the relief Was 15 um and the 
depth of the relief Was about 20 um. After removal of 
entrained air bubbles such as by use of an applied vacuum, 
the mixture is alloWed to cure. The stamp is then gently 
removed and rinsed. The rinsed stamp is then “inked” by 
placing a drop of a solution, such as ethanolic solution, 
containing alkanethiols on the stamp. In one procedure, the 
alkanethiols do not contain the functional group and include 
such alkanethiols as H3C(CH2)l1SH, H3C(CH2)l5SH, and 
combinations of such alkanethiols. The stamp is then typi 
cally dried and placed on a metalliZed surface such as an 
obliquely deposited gold surface for an appropriate period of 
time such as about 5 seconds. The stamped ?lm of gold is 
then typically rinsed With a solvent such as ethanol or Water 
and placed in a solution of an alkanethiol With a functional 
group or a mixture of an alkanethiol With a functional group 

and an alkanethiol(s) Without such a group. For example, the 
stamped ?lm may be placed in an ethanolic 1 mM solution 
of HOOC(CH2)1OSH and H3C(CH2)USH. This provides a 
surface With functional groups in areas de?ned by the 
stamping procedure. As one skilled in the art Will readily 
recogniZe, the stamp may be treated With an alkanethiol 
containing a functional group that interacts With the com 
pound and then placed in a solution of alkanethiols that do 
not include the functional group. 

[0072] A surface presenting functional groups for inter 
acting With a compound to be detected may also be prepared 
by contacting a metal salt With a ?rst region of a metalliZed 
top surface that includes a functional group such as a 
carboxylic acid to prepare a ?rst region With a metal 
carboxylate. Other regions of the metalliZed top surface may 
then be contacted With salts of other metals or With solutions 
of different concentrations to provide a device With different 
sensitivities toWards compounds to be detected. For 
example, a metalliZed top surface that includes one region 
With Cu+2 carboxylates and another region With carboxylic 
acids may be prepared such that amines are detected in one 
area and dialkyl alkylphosphonates are detected in the other 
regions. The spotting of the metal salts onto various parts of 
a surface may be done by hand using simple techniques, 
other techniques for spotting may be used that are knoWn to 
those skilled in the art. For example, any spotting technol 
ogy associated With the development of biological microar 
rays may be employed such as, but not limited to, gene chip 
spotting machines. This methodology may be extended to 
provide an array for the detection of multiple types of 
compound in a sample or to provide a device With differing 
sensitivities toWards the compound. 

[0073] Devices that contain surfaces With varying metal 
salts such as, but not limited to, metal carboxylates may be 
used bene?cially to determine appropriate receptors for the 
detection of the compounds. For example a device With 
regions containing different metal salts of dimensions vary 
ing from micrometers to millimeters may be covered With a 
liquid crystal and then contacted With the compound to be 
detected. The response of each region may then be imaged 
for example as pixels and utiliZed in the selection of an 
appropriate metal salt for use in detecting the compound. 
The same methodology may be employed using a device 
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Where the same functional group is present, but different 
liquid crystals are used to determine the choice of an optimal 
liquid crystal. 
[0074] Those skilled in the art Will recognize that varia 
tions on the above procedure could also be used to produce 
a multiarray. In one such preferred procedure, rather than 
“spotting” droplets of liquid on a surface, a ?uidic channel 
(e.g., made from micromolded polydimethylsiloxane) is 
used to deliver liquids to localiZed regions of a surface 
similar to the stamping method described above. Generally, 
any method knoWn to those skilled in the art for delivering 
liquids to localiZed regions of a surface could be used to 
produce the preferred microarray devices for detecting com 
pounds in samples. 

[0075] The liquid crystals of the devices, optical cells, kits 
and methods of the present invention include a moiety that 
interacts With the functional group of the surface. If present 
in a sample, the compound or a portion of the compound 
displaces the liquid crystal from the functional group 
thereby altering the orientation of the liquid crystal on the 
surface With the functional group. Depending upon the 
compound to be detected and the liquid crystal and the 
functional group of the surface employed in the device, 
contact of the device With a sample containing the com 
pound may either increase or decrease the uniformity of the 
orientation of the liquid crystal. As long a detectable change 
in the orientation of the liquid crystal occurs upon contact 
With the sample, the device is suitable for detecting the 
presence of the compound. Therefore, the uniformity of the 
orientation of the liquid crystal may also remain about the 
same prior to and after contact With the compound to be 
detected so long as there is a change in the orientation that 
is detectable. For example, the orientation of the liquid 
crystal on a surface prior to contact may be planar and 
perpendicular after contact With the compound. The 
Examples demonstrate hoW the choice of functional group 
and liquid crystal may alter the orientation of the liquid 
crystal on a surface bearing the functional group. For 
example, prior to contact With an organoamine SCB is 
oriented planar and parallel to the direction of gold deposi 
tion on a device comprising a glass support With an 
obliquely deposited gold surface and a SAM formed from an 
alkanethiol With a carboxylic acid functional group. On the 
other hand, SCB is oriented perpendicular to the gold surface 
on a device comprising a glass support With an obliquely 
deposited gold surface and a SAM formed from an 
alkanethiol With a carboxylic acid functional group to Which 
Cu+2 has been complexed. Therefore, suitable liquid crystals 
of the present invention are those that include a moiety that 
reversibly interacts With the functional group that interacts 
With the compound. 

[0076] Moieties that may be present on the liquid crystals 
include, but are not limited to, nitrile groups, carboxylic acid 
groups, pyridine, pyrimidine, ?uoro, chloro, bromo, nitro 
and bipyridine groups. Liquid crystals With nitrile groups are 
more preferred for use in the present invention. Examples of 
liquid crystals With nitrile groups, include, but are not 
limited to, 4-cyano-4'-pentylbiphenyl (SCB), 7CB, and 8CB. 
A large listing of nitrile containing liquid crystals is pre 
sented in “Handbook of Liquid Crystal Research” by Peter 
J. Collings and Jay S. Patel, Oxford University Press, 1997, 
ISBN 0-19-508442-X. An especially preferred liquid crystal 
for use in the present invention is 4-cyano-4'-pentylbiphe 
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nyl. Although various types of liquid crystal may be 
employed, nematic liquid crystal are preferred. HoWever, 
smectic liquid crystals formed from 8CB are also suitable 
for use in the present invention. The liquid crystal is 
preferably applied to the surface having the functional 
groups that interact With the compound before the device is 
exposed to the sample. HoWever, it Will be readily under 
stood by those skilled in the art that the surface including the 
functional groups may be contacted With the sample fol 
loWed by application of the liquid crystal. The liquid crystal 
may be applied to the surface using any technique knoWn to 
those skilled in the art. In one embodiment for preparing an 
optical cell, a nematic liquid crystal is heated into its 
isotropic phase and draWn by capillary action into a space 
betWeen tWo surfaces in an optical cell. In another embodi 
ment, the liquid crystal is spin-coated onto the surface 
having a functional group such as a SAM. The thickness of 
the ?lm of liquid crystal formed on top of the surface 
containing the functional groups preferably ranges from 1 
pm to 100 pm, from 2 pm to 50 pm, from 5 pm to 20 pm, 
or more preferably is about 10 pm. The thickness of the 
liquid crystal on the surface With the functional groups is an 
important consideration as the compound to be detected 
must pass through the liquid crystal before it can interact 
With the functional groups in embodiments Where the liquid 
crystal ?lm is placed on the surface prior to contact With the 
sample. 
[0077] A pumping device may be included in a device, 
optical cell, kit, or method of the invention. The pump Will 
convect the sample to the surface of the liquid crystal 
increasing the sensitivity of the device and alloWing detec 
tion of loWer levels of the compound. Such a pump may be 
used in conjunction With a holloW tube to direct a How of the 
sample to a speci?c area of the device. 

[0078] Many types of compound may be detected using 
the devices, optical cells, kits, and methods of the present 
invention. Examples of such compounds include, but are not 
limited to, organoamines and organophosphorus com 
pounds, organosulfur compounds, organonitrogen com 
pounds in addition to organoamines, cyanide compounds, 
nitrogen oxides, carbon monoxide, heavy metals, ketones, 
alcohols, and organic acids. Examples of organoamines that 
may be detected With the devices and methods of the present 
invention include alkylamines such as primary, secondary, 
and tertiary amines. One group of preferred alkylamines 
include those having the formula H2N(CH2)mCH3 Where m 
is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 or more 
preferably Where m is 0 to 8, 0 to 6, or 6. Another group of 
preferred amines are biogenic amines such as, but not 
limited to, histamine, putrescine, and cadaverine. Where the 
compound to be detected is an amine, the functional group 
is preferably a carboxylic acid. Examples of phosphorus 
compounds that may be detected With the devices and 
methods of the present invention are organophosphonates 
such as, but not limited to dialkyl alkylphosphonates, such 
as, but not limited to, dimethyl methylphosphonate. Other 
organophosphorus compound that may be detected include 
nerve agents and pesticides. The compound to be detected 
may be present in a gaseous or liquid sample or a gaseous 
sample that contains other vapors such as Water, alcohols, 
hexanes, and/or ketones such as acetone. 

[0079] The devices of the present application alloW the 
presence of a compound in a sample to be ascertained. A 
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method for detecting the presence of a compound in a 
sample includes contacting a device for detecting the pres 
ence of a compound in a sample With the sample. The device 
may include any of those described above and may include 
a second surface such that the device is an optical cell. 
Preferred devices include a substrate With a support that has 
a metalliZed top surface and a self-assembled monolayer. 
The self-assembled monolayer is preferably formed from an 
alkanethiol that is attached to the metalliZed top surface of 
the substrate and Which includes a functional group that 
reversibly or irreversibly interacts With the compound as 
heretofore described. Preferred methods include disposing a 
liquid crystal With a moiety on the top surface of a self 
assembled monolayer or other surface With the functional 
group. Finally, the method includes determining Whether the 
orientation of the liquid crystal on the surface With the 
functional group, preferably the self-assembled monolayer, 
changes after the device contacts the sample. The absence of 
a change in orientation indicates the absence of the com 
pound at detectable levels in the sample, Whereas a visually 
detectable change in the orientation indicates that the com 
pound is present in a sample. 

[0080] The liquid crystal may be disposed on the top 
surface of the surface With the functional group before or 
after the device contacts the sample. This is true because the 
interaction betWeen the functional group and the compound, 
if present, Will occur regardless of Whether the liquid crystal 
is present on the surface. Preferably, hoWever, the liquid 
crystal is disposed on the surface With the functional group 
prior to contact With the sample. 

[0081] Preferred methods for detecting the presence of a 
compound in a sample include convecting the sample to the 
surface of the liquid crystal such as With a pump. This alloWs 
the detection of loWer level of the compound in a sample 
thus improving the sensitivity of the device. 

[0082] The response of a liquid crystal device to the 
compound may be quanti?ed using samples With knoWn 
concentrations of the compound, and the distance that the 
compound penetrates into a ?lm of the liquid crystal on the 
surface With the functional groups may be used to measure 
cumulative exposure to the compound. Furthermore, the 
instantaneous response of a liquid crystal device to the 
compound may be quanti?ed by measuring the brightness of 
the light passing through the liquid crystal as explained in 
greater detail in the Examples that folloW. Additionally, 
gradients in the concentration of a compound may be 
detected using the ?lm of liquid crystal to image the distri 
bution of concentration across a sample containing the 
compound. 

[0083] An optical cell for use in detecting the presence of 
a compound in a sample preferably includes a device for 
detecting the presence of a compound in a sample as 
described above. An optical cell may also include a spacing 
material, preferably a ?lm, positioned parallel to but a 
spaced distance aWay from the top surface of the surface 
With the functional groups that interact With the compound. 
The spacing material and the top surface of the surface With 
a functional group for detecting the compound de?ne a 
cavity that may be ?lled With a liquid crystal. Optical cells 
also preferably include a second surface that uniformly 
aligns the liquid crystal When it contacts the surface. Such a 
second surface is preferably free of any functional group that 

May 17, 2007 

interacts With the compound. The second surface of the 
optical cell contacts a ?rst surface of the liquid crystal Which 
is opposite a second surface of the liquid crystal that contacts 
the self-assembled monolayer of a preferred device for 
detecting the presence of a compound in a sample as 
described above. Typically, the spacing material, such as a 
?lm, is positioned betWeen the detection surface and the 
surface that uniformly anchors liquid crystals. It is not 
required or necessarily preferred that both surfaces of the 
optical cell include functional groups that interact With the 
compound to be detected in a sample. For example, in some 
preferred optical cells, a second surface Without functional 
groups is employed. An example of such a second surface is 
a SAM formed from an alkanethiol that does not have a 

functional group that interacts With the compound to be 
detected. The spacing material is preferably a ?lm of a 
de?ned thickness that is preferably stable in the presence of 
the liquid crystal material, easy to handle, and does not 
contaminate the liquid crystal. 

[0084] A variety of ?lms are suitable for use as spacing 
materials in the optical cells according to the invention as 
Will be apparent to those skilled in the art. A preferred ?lm 
spacing material is preferably made of a polymeric material 
such as Mylar® brand ?lm or Saran® brand Wrap. The ?lm 
spacing material is typically placed betWeen the top of the 
surface With the functional groups and the surface that 
uniformly anchors liquid crystals such that the top of the 
surface With the functional groups and the surface that 
uniformly anchors liquid crystals face each other. The spac 
ing material may also be comprised of microspheres or rods 
of de?ned diameter that are dispersed into the liquid crystal 
so as to separate the tWo surfaces forming the optical cell. 

[0085] Kits for use in detecting the presence of a com 
pound in a sample typically include a surface With functional 
groups that interact With the compound such as a substrate 
comprising a support With a metalliZed top surface With a 
SAM attached to it formed from an alkanethiol With a 
carboxylic acid or containing a metal carboxylate. Such kits 
may separately contain the substrate With the support and the 
metalliZed top surface and a thiol With a carboxylic acid 
functional group or may alternatively include a metalliZed 
top surface already containing a SAM formed from an 
alkanethiol containing a functional group. Kits also prefer 
ably include a liquid crystal With a moiety that interacts With 
the functional group of the alkanethiol as described above. 
Kits may further include a second surface that uniformly 
anchors liquid crystals and a spacing material such as a ?lm 
adapted to be placed betWeen the tWo surfaces to provide an 
optical cell as described above. The surface that uniformly 
anchors may include any of those described above. Preferred 
kits may include instructions for using the components to 
prepare a device that detects compounds and for hoW to 
detect compounds With the device. Preferred kits may also 
include one or more metal salts Which may be solids or 
packaged as solutions. Such metal salts may be used to 
prepare the metal complex functional group of the devices of 
the invention. 

EXAMPLES 

[0086] The folloWing materials and methodologies Were 
utiliZed in the examples discussed in greater detail beloW. 




























