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DRY ANALYTI'CAL ‘ELEMENT AND METHOD FOR THE COLORI METRI C WALz

DETERM NATI ON OF LI THI UM | ON The present

i nvention relates to clinical 5 chem stry. In particular, it
relates to a multilayer anal ytical elenent and net hod for
ias use in the colorinetric.,determnation of lithiumion in
afjueaqus (N jcal f

Lithium in t he For MG m fﬁHféR 4'*?050%%%%?‘%?% to
mani c- depressi ve patients. wever’,” N |12 her apeutic range

of lithiumion in plasma is quite narrow, and thus it is
very inportant to accur at 8¢ present inventippnredateretPegdindrali t hi um

ion in suchspat¢k@hsstry. In part1c9§8§us?tOEeQBEeEOEbCashgﬁt§ﬁ59%53 that
appear when it 15. exceeds _t he #9gggaeutlc evel ch

det er mi nat i ons &palytical element gadcmgk g FﬁStHéepFQSEH@e of a
nunber of othercolorlmetrlc detepmsnastiioh e 3odhtiomaddnpohaagueduisons, in

t he test gﬁégegs blOlOglC%& f%g gs A nunber of

anal yti cal reagé%?Clme Been devised to detect
lithiumion Lithivm; nenr tbel Eprimnofhdiphésmncerbbnetier isons.

For 10 admifX3FeLed LS ﬁa§195éle§§zsg§§8rb9€§e¥19§ usgopbvketra-

substituted aryI cyclic formazan dyes t hi's purpose in
ei t her sol uti onti3f H??r38§3§1?oFﬁﬁ ﬁtPgnéltﬁsum ion in plRgpa A&camite a

dry mul tilayer naetyw} cahd thus 1t is ver%LQﬁ?SEg%gt aocabﬁﬁraeb&yf I{thlum
ion assay is e - A e importan
advance g monitor B?bv}agaf : ﬂéLFﬁV@nFPBannSPﬁétpﬁﬁﬂﬁpggtion is the

use of certai n Hdeczusenes- ehhetOQEC|sadevefd¢e8sinhat appear when it
15 exceeds the therapeutic level. Such determinations are
generally made in the presence of a number of other
ions, such as sodium and potassium ions, in the test
specimen.
A number of analytical reagents and methods
20 have been devised to detect lithium ion
colorimetrically in the presence of other ions. For
example, US-A-5,051,367 describes the use of tetra-
substituted aryl cyclic formazan dyes for this purpose
in either solution or dry assay formulations.

‘3 25 More recently, a dry multilayer analytical
element for a colorimetric lithium ion assay is
described in EP-A-0 516 227. The important advance
provided by the invention in that application is the
use of certain l4-crown-4-ether derivative dyes in

30 certain reagent layers of the elements to overcome
problems with interferents. Such dyes are described in
considerable detail in EP-A-0 516 227.

One embodiment of the multilayer element
described above has a first reagent layer containing

35 the l4-crown-4-ether derivative dye and an aromatic
coupler solvent, such as 2,4-di-n-pentylphencl. The



30 certain féagent | ayers of the elenments to overcone
problenms with interferents. Such dyes are described in

consi derable detail in EP-A-0 516 227. One
enbodi mrent of the nmultilayer el enent descri bed above has a
first reagent |ayer containing -32 the 14-crown-4-ether
derivative dye and an aronatic coupl er _sol vent, such as

2, 4- di - n- pent yPpRBABE. 2¥Fe contains a second reagent layer, a subbipg

el ement al so ceayaknsna &ﬁceaﬂe&ﬁasenbokaugrspaeéabbgngayer | agetipasd an
out er nost porous sgreadln s inthe first

reagent |ayer SRFySDT 1s In' 848" flE§EnrﬁF9ﬁnFhZaXFﬁnP?#gant i nprovenent 5
represented by the nul ti Eeger wekthneht degaiifbednabomprovemenhere is

ddi t | f

et er i nat i on. "RBFESTAF 0T Che RSP FsRYSF PRETBAS PSP Ea: 2257 ey e
dgvelopnent_|stheredeS|add;tBaoagroaad fareimptevemeptdys tbeel oped with 10
time which is Bobolighaheds 9:bheuRr ¢88NEEAlmihLOLYA.  MokBByeThug. an

i nproved el enme thiu m natron 1s desi
Ve have over comedulssipnobifefrbenbreygapynd sage of ﬂM?tﬁéVGﬂﬁﬁmév§dl§ met hod

for colorinetrigesi®eqdet garkaablon ehtbi LBiFHNsi 68 HFkNHedelbpeAUlithayer
anal yti cal elenﬁnt for the détermnation of |it e el enent

conprisingt& s ﬁﬂGrWhH§9|ﬁ§ fIREr &6hated tPntB?dBFeéﬁBan°$I6FHE&8ﬂtact
a) a first raagent Thawgr a@oApiroiegd aldfent for lithium ion

determination is desired.
- We have overcome the problems noted above and
further improved a method for colorimetric
15 determination of lithium ion using a dry multilayer
analytical element for the determination of lithium
ion, the element comprising a support having thereon,
in order and in fluid contact:
a) a first reagent layer containing a 14-
20 crown-4-ether derivative dye for lithium ion,
b) a second reagent layer containing a
perfluorocalkyl surfactant, and an aromatic phenol
organic solvent having the structure (I):

ORH

RZ

25 wherein R! and RZ are independently alkyl of 1 to 20
carbon atoms or acyl of 2 to 20 carbon atoms and
c) a porous spreading layer,
the element further comprising, in a layer other
than the first or second reagent layers, a buffer



20 crown-4-ether derivative dye for lithiumion, b) a

second reagent |ayer containing a per fl uoroal kyl surfactant, and an
aronmati ¢ phenol organi ¢ sol vent having the structure (1):

OH 25 wherein R1L and R2 are independently alkyl of 1 to 20

carbon atons or acyl of 2 to 20 carbon atons and c) a
porous spreadi ng |ayer, the el emeht further conprising, in a |ayer

ot her t han pirie@ ety Sin GIn seEAIE rQAgeNdi Y ef S ma@iRtdi€ra pH in the

-3 - present, in_an nt, suffigient.to maintain a pHin the

el enent of at I% 5&9"3 c‘iﬁ? ]aer?satss%ﬁurmg an assay. the el enent

characterized wherein it the tdlement cuamadsesized ecoedeim obat forphenol

Or gani ¢ 5ol ventoojd, ddie of Idorl PAIRNaL Y et e 58500581 98B | £nPhENO!
a and e first iR

organi ¢ sol vent s the structure , ) and second_ organic
sol vents cah béhendifste rhagent {gye¥ erithich second aromapig Phgedtion

al so provi des argRinied daivdrte Hék deier st Nadt @fe Of1] | tAhamhentMpseh
conprises: and second organic solvents can be the same or
different.
This invention also provides a method for the
10 determination of lithium ion which comprises:
A. contacting a liquid sample suspected of
containing lithium ion with the dry multilayer
- analytical element described above, and
B) determining the change in spectrophotometric
15 signal in the element from complexation of the 14-
crown-4-ether derivative dye with lithium ion in the
liquid sample.
The present invention provides a dry
analytical element for the effective and specific
20 detection of lithium ion in a relatively short period
of time using a colorimetric signal producing
chemistry. Background rate of dye development is
reduced with the present invention. Thus, the time for
evaluating the colorimetric signal can be lengthened
25 without losing precision, thereby providing the
advantage of more accurate determination of lithium ion
concentration in a narrow therapeutic range. This
improvement is achieved by incorporating an aromatic
phenol organic solvent in both the first and second
30 reagent layers which are both below the porous
spreading layer. The previous element (of EP-A-0 516
227) contained an organic solvent in the bottom reagent
layer only. Putting it into both reagent layers
unexpectedly improved the precision, by reducing the
35 background rate of dye development. Further advantage



A contacting a liquid sanple suspected of containing lithiumion
with the dry nmultil ayer anal yti cal el enent descri bed above, and

B) determ ning the change in spectrophotonetric 15 signal in the el enent
from conpl exation of the 14- crown-4-ether derivative dye with |ithium
ion in the | i quid sanpl e. _,_The present invention provides
a dry anal ytical elenent for the effec%ive and specific 20 detection of
lithiumion in B raghiteved oxhmviperd aderfluoforikel usunfagtantoinnetric

si gnal prdUC“Ibast éﬁé”@é%éﬂa_ﬁgﬁéaﬁ@uﬂ é§t§s0ée§Y§eéeH§£QPH?”t_iS
reduced with the present invention, Thus, the time_for eval uating the

colorimetric signal can D¢ EREthehe 2Braphheat PLSF ngtpFeEisrbanCeher eby
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spreading layer. The Previpusesl 2NE0, (9faffila? pi8e of £fleEPORALNed an
organi c solvent_in the bottomreagent ayer only. %ut Ing It 1nto both
r eagent Iayensdensiﬁ%xﬁ%&kéﬂ?§s¢%ﬁ¢ﬁméd(@h%ub¢%bi§¢%H}t§?grgégﬁiﬁgsﬁﬁe 35
background r at ef1 Tl @RVEORPISIMg il éhehertlVEPt €88s invention and
“4 518N MRS LY OaVI00, &, PeE ] QL 0gl Kyl SKEL St Atk Indle 5
below.
FIGURE 3 is a graphical plot of reflectance
_ density (Dr) versus time (minutes) resulting from assay
of lithium ion using a Control element as described in
15 Example 6 below.
FIGURE 4 is a graphical plot of reflectance
density (DR) versus time (minutes) resulting from assay
of lithium ion using an element of this invention as
described in Example 6 below.
20 The element of this invention can be used
to determine (that is, detect either the presence,
amount or both) lithium ion in biological fluids of
animals or humans, but preferably in humans. Such
fluids include, but are not limited to, whole blood,
25 plasma, sera, lymph, bile, urine, semen, cerebral
spinal fluid, spinal fluid, sputum, perspiration,
synovial fluid, lacrimal fluid and stool specimens as
well as other biological fluids readily apparent to
one skilled in the art. Fluid preparations of
30 tissues can also be assayed. Preferably, human serum
is assayed with this invention.
In its broadest embodiment, the dry element
of this invention has an inert support with two
reagent layers and a porous spreading layer disposed
35 thereon. The support is generally dimensionally



| east the second reagent |ayer as defined herein. FIGURE 1 is
a graphical plot of reflectance density (DR) versus tine (m nutes)
resulting fromassay 5 of lithiumion using a Control elenent and several
calibrator fluids as described in Exanple 5 bel ow. FI GURE 2
I's a graphical plot of reflectance density (DR) versus time (mnutes)
resulting from assay of lithiumion u§Thg an elenent of this invention
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FIGURE 3 is a graphical e er versus time
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from assay m i on using an el enment of | S | nvent | on as
described i ERghkFrEionpdisowefig@ctance specwcammstcﬁaé K% invention

can be used trhﬁsﬂﬁb%&@mn%p@km%bsb%,ydet@@bﬁﬁﬂlgﬂpﬁ&ktéﬂé%éﬂwéal
amount or bothL I|th|un1 on In b|olog&€194 :ﬁ gé_nals or hunmans,
but pref er abl y PR¥RutEnd: eSt?Eﬁ nd % ‘{?déareoﬁ‘("ta Hded TR ted to,
whol e bl ood, Zbolyleass;rm*,s Seapersymuetal Ifeily iang Aty meRtebr al
Spinal Tlud: BBIGRa-Hoale SRt Do AU Udelhs. | synOvIal Tl uid

and s

lacrimal fluid t oo as ‘ot her bi ol ogi cal fl uids
readi |y apdarent to &h@ loriousd spreadd gy (zorl visd mpremearest i foram of 30

tissues can al ggyb%fa%w%ownPgﬁftgﬂly 1% é{agsg[gagnog_g h zoﬂ%eaa}fayed W th

this invention. br oa I ment y el enent

of this invent BESCKaPesh st @"é"ﬂ}?&@r £MUST Ao 292/ Z%@agent | ayers and a
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dimensional ly 57 19g85)-101760.
15 Preferred spreading zones are those
described in US-A-3,992,158 as "blush polymer" zones.

Such zones can be formed on a supporting material by
dissolving a polymer in a mixture of two organic
liquids, one of which is a lower boiling, good

20 solvent for the polymer and other being a high
boiling, non-solvent or poor solvent for the polymer.
Within the porous zone can be incorporated
particulate materials of various sizes to enhance the
void volume.

25 The elements have at least two other layers
which can contain one or more reagents needed for the
assay. Such a layer can also be a second porous
spreading layer, if desired. All of the layers are
generally in fluid contact with each other, meaning

30 that fluids, reagents and reagent products can pass
or be transported between superposed regions of
adjacent layers, unless of course, a reagent is
immobilized in some manner so it will not migrate
within or without a layer.



- 5- stable, inert to chem cal reaction and preferably t ransparent

(that is, radiation transm ssive for wavel engt hs bet ween 200 and 900
nm . However, non- transparent supports can be used if the node of 5
detection is refl ectance spectroscopy instead of transm ssi on
spectroscopy. Useful supports are well _-known in the art, and include
but are not limted to pol yesters, papers, netal foils and pol ystyrene,
pol ycarbonates and cel | ulBse weagant. ldyers can be CHmpqaadwf spveadi ng
zone i s prepar f 0 t lot3eh zones as
descri bed, for eée%(a{ﬁrfﬁge ?lnn%ésyﬁrgltéz%%lg Muci %S%l%%gg%lﬁég

US- A- 4, 258, 001,CS-9i.da Ut usi iy JYdroptsAm gD LyNerAsEucts as

Pr eferred spreqsblr;g(\zm T @HAI0SE acry IM8Hd Qﬁg_yﬂérlgs A—3 992, 158 as
"bl ush pol yger" gé%ﬁ %ch zones can be fqrmed on é'rg{tl ng

mat eri al Mg 855 21 & sof]"‘r’c‘V()H1

| i qui ds, one ofanmh]l cin ivehiacH os/mgdmjsl g zgmﬁ:pZﬁrasxdd/ent for the pol yner

and ot her being a high |£g% ggé %ﬂ!ﬁ%.er n Iﬁfnt for the
pol ymer . Wthin the porous zone ca Pe im orp particul ate

materials of vAURRErI Zes & d e &tegher dﬁmdfatdlwhlzgl is
The el ements h%@éld@%ﬁtﬂ VIO, 10 sl quyecros prov1‘ME G LAR QMY i one or

nore reagents needed fo assay. ch a |l ayer can _al so be a second
por ous 18pr sHd@ndy ay%’rCh i %arled:awlle & SHLY dyeddsprdance

from invisible to visible (to the human eye), visible
to invisible, or from one visible wavelength to
another. A number of such derivatives are known in
the art, for example JP 62/72683, JP 62/56485 and EP-

15 A-0 516 227. The preferred derivatives are those
represented by the structure (II):

[O 0]
¢} o]
R3
HO 4

wherein R3 is substituted or unsubstituted alkyl of 1
to 15 carbon atoms (for example, methyl, ethyl,

20 isopropyl, n-butyl, t-butyl, pentyl, hexyl, octyl,
decyl, dodecyl, 3-ethyl-5-methyloctyl, benzyl and
benzyl substituted with one or more lower alkyl
groups such as methyl, ethyl and isopropyl). Also,
R4 is hydrogen, nitro, methylsulfonyl, N-

25 alkylsulfamoyl or N,N-dialkylsulfamoyl wherein the
alkyl is substituted or unsubstituted and has 1 to 20



generally in fluid contact with each other, neaning 30 that fluids,

reagents and reagent products can pass or be transported between

super posed regi ons of adj acent | ayers, unless of course, a reagent is

i mmobi lized in sonme manner so it will not mgrate Wi thin or without a

| ayer. -7 -6- The reagent

| ayers can be conposed of one or nore binder materials [such as gelatin
and ot her carbondatomat ésiah sas hyeltlaphi | ¢ehpbl yheeRT R, as

pol y(vi nyl a'PHQQ%i; B&ﬁ¥§§”i&§c991yﬁ8&écyl§ YEOyhPyy1 ohhgone pol yners and

ot hers known in the art] in which reagents are |npor£orated.

In a first reaBefPSYayer Reatesfubsituted phoppsubstitybed dhiyh- et her

ggri vat i vle vvhisghhi Sto 1or|@a§bbﬂga%ﬁbhk$@hi @mrgpne;bm@myideeahym ori an{i c
si gnal . uch a signal can a_shift. in_absorbance rom i,nvi si bl e

Lo visibie Xt o HRERRHEN e98hucyEs BrEutyL) (hEPROF offif cdegylif ofhdne

vi si bl e wavel ekglth Noor CHanother. A nunber of such derivatives are known
ot 0 SeaTLFe B SELTEBE ol BRI R R 0 SI0
(11): are those wherein R is methyl, benzyl or dodecyl, R
is hydrogen, nitro, methylsulfonyl or sulfamoyl, RS
10 is methyl or heptyl and X is CH. Representative
compounds are those in the following Table I with

Compound 2 being most preferred:

TABLE I

R3 R4 RS X
1 n-Ci7Hog S50-CHR CH=n CH
2 n-CqoHog NO» CH1y CH
3 CH1 SO0oN (n—-CgH13) 2 CH=z CH
4 CHo>CgHg S0sN (n-CgH13) 2 CH<n CH
5 CH7CgHg S0oN (CH3) ~n-CqgH3z7 CH=n CH
) CHq NO» n-CH1g CH
7 n-CqoHsg H CHq N
15
Also present in the reagent layer
containing the l4-crown-4-ether derivative is an
aromatic phenol organic scolvent having the structure
(I):
OH
Rl
RZ
20

wherein Rl and RZ are independently alkyl of 1 to 20
carbon atoms (such as methyl, ethyl, isopropyl, n-
butyl, Lt-butyl, n-pentyl, fL-pentyl, hexyl, octyl,



[err] wherein R3 is substituted or unsubstituted al kyl of 1 to 15
carbon atons (for exanple, nethyl, ethyl, 20 isopropyl, n-butyl, L-butyl,

pentyl, hexyl, octyl, decyl, dodecyl, 3-ethyl-5-nmethyloctyl, benzyl and
benzyl substituted with one or nore | ower alkyl groups such as nethyl,
et hyl and isopropyl). Al so, R4 is hydéogen, nitro, nethylsulfonyl, N
25 al kyl sul famoyl or N, _N-dial kyl sul famoyl' wherein the al kyl is

substituted orde@slbséodecrl amd ®keodyib @0 acyl of 2 to 20 carbon

-7- carbo chsa 1 SePTOPY] . and hexyl ,
benzyl, decyl, Qt%%%E?f&é%c?% §%€F§ dprgébae¥%osy£)@p¥§ ?% su?stltuted or
unsubst i t ut ed BPkYFYL) %¥e§e¥6b&bfC%Pbb%a%ﬁo%%e(QBr exaPdIR, het hyl,

ethyl, 5 isogiepy|,ah8obuéygrotpduiyé, inephy!2angndesybdsitishs
5 in relation to the hydroxy group.

More preferably, Rl and RZ2 are
independently alkyl of 1 to 10 carbon atoms, or acyl
of 3 to 6 carbon atoms. Representative aromatic
phenol organic solvents include those described in

10 Research Disclosure, March, 1978, pages 23-24, and
US-A-2,835,579. Particularly useful solvents include
2,4-di-n~-pentylphenol, 2,4-di-t-pentylphenol, 2-n-

- octyl-4-pentylphenol, 2-n-nonyl-4-n-pentylphenol, 2-
methyl-4-n-decylphenol, 2-n-decyl-4-methylphenol, 2-

15 methyl-4-n-octadecylphenol and 2-n-valeryl-4-n-
pentylphenol. Other useful solvents would be readily
apparent to one skilled in the art. Most preferred
is 2,4~di~n~pentylphenol.

A second reagent layer is disposed on the

20 first reagent layer. The two layers can be
immediately adjacent, or separated by a thin subbing
layer (described below) as long as the reagents and
fluid can readily move between the layers. In this
second reagent layer is an aromatic phenol organic

25 solvent which also is defined by structure (I). The
solvents in the two reagent layers can be the same or
different, but preferably, they are the same
compound. A mixture of aromatic phenol organic
solvents can be used in either layer if desired.

30 Optionally, but preferably, the porous
spreading layer 1s separated from the two reagent
layers with a hydrophilic subbing layer composed of
one or more suitable hydrophilic binder materials.
Such materials include, but are not limited to

35 gelatin and other colloidal materials, polymers of



Xis Nor CH More preferred conmpounds of structure (I11)

are those wherein R3 is nethyl, benzyl or dodecyl, R4 I s hydrogen,
nitro, nethylsulfonyl or sulfamoyl, R5 10 is nethyl or heptyl and X is CH
Representati ve conpounds are those in the followng Table I with
Compound 2 bei ng nost preferred: —9- TABLE
R3 R err] R5 X o1
n-Cerr] H err] vinysCpgrrplifiene} vinyl alcohol, gpfetppide, N- cy 2
n-qerrfHerr] 53y 8bklituted acrylamide (SHERr&L N- CH 3
CH err] Scfe r] err][Herr ¥ err| CH
4 CH[err]C[éﬁPPFIPEVlchrYlS@@??]N%HCEFQFP?I—[:QPPH%‘%F?]thereOf CH err]
CH 5  aRHl ethkél iﬁéE}eHﬁ.Qllé] readbOyeappbehfeto] pna- ket bt err]
CH err] CHER CH err] NJ err]
n-Clerr]H etr] 0 tBf art. 7 n-Clerr]Herr] H
CHerr] N 15 The pH of atAllsespr@sénttha ehemeabgéat | ayer
containing the ;ﬁnEBQW@ dﬁ&qﬁg ﬁrbgggbv@ 1S18Bhium 18ROBP bhePBeNO
organic sol venl “Aavin e strdctu ? [):
OH 20 mowﬁeﬁgﬂﬁahﬂérbpfiﬁéSR[thF &H@f?ﬁdéﬁehaéﬁFP9réF§9I of 1to
20 Carbonlﬂggngn@sgghm@§enq5 ¥hs %EHEE th88PEBRY kwoNreagentbutyl,
t-butyl, n- &entyl pent I, hexyl, oct¥

ayers, preferably, is in the hydrophilic

subbing layer. Useful buffers include, but are not
limited to, 3-(cyclohexylamino)-l-propanesulfonic
- acid, 4-aminobutyric acid, phosphate and arginine.
Preferably, the pH is maintained at 10 or above with
15 the upper limit being 14.

It is particularly useful to have one or
more perfluorocalkyl surfactants in at least the
second reagent layer. Preferably, such a surfactant
is placed in both reagent layers. Such surfactants

20 can be anionic, cationic, nonionic or amphoteric in
nature. They have one or more fluorocarbon moieties
in the molecule, each of which has one or more
hydrogen atoms replaced by a fluorine atom. Each
fluorocarbon moiety has at least 4 carbon atoms, and

25 can be saturated or unsaturated. When the surfactant
has two or more fluorocarbon moieties, each moiety
are predominantly straight chain groups having no
more than one or two small branches (for example,
methyl or ethyl, fluorinated or unfluorinated). The

30 moieties can be connected together by an organic
backbone which is linear or branched. When the
surfactant has only one fluorocarbon moiety, that
moiety can be branched or linear.

More particularly, each fluoroccarbon moiety

35 has from 4 to 16 carbon atoms, from 8 to 33 fluorine



- 8- decyl, dodecyl and eicosyl) or acyl of 2 to 20 carbon at ons
(such as acetyl, propionyl, valeryl and butyryl). Preferably, at |east
one of Rerr] and R2 is al kyl, and the groups are in the 2- and
4-positions 5 in relation to the hydroxy group. Mor e
preferably, Rl and R2 are i ndependent{y-al kyl of 1 to 10 carbon atons,
or acyl of 3 to 6 carbon atons. Representative aromatic phenol
organi ¢ sol ventdomge| Gde Bhaes igesdr fEQTILRS] Gt ORSs £8r CRTBOSC BSSM e, Mar ch,
1978, pages 23-Hatandast U3 A-2,835,579. Particularly useful solvents

i ncl ude 2, 4-di - n- pent henol di-t-p | phenol_,
octyl - 4- pent yl phenol , ﬁ%ﬁ%ﬁﬂeniaﬁlﬂgnFyl ﬁ@% n¥3 are as Tol1ous:
met hyl - 4- n- decylphenol Nonridedyd -Sdrifaicdn ,w 2 15
nmet hyl - ctadecylphen aler phenol . O her
usef ul solvgnts woul d be@%;%}qoroa ylﬁba#én 0 oneggaqénxiln the art.
Most preferredalcohqiszquh-axameﬂmylphﬁmmﬂrClally availablepasecond reagent
layer is di sposgdiyms Wsesl\?qfr&dr gc[gﬁ:a thésa UOWEE*WIO&OEI%YWS can be

a thin su

i medi atel y adj acent, or separate bi ng (descri bed
bel ow) as | ong AReniman dapehst amt etl’\‘qul@t@djn Heé%ﬁilq%ror?dz‘é’lbet ween t he
layers. In thisnateriS8GONHLdEa0E HURMBWNTE 81@1 ﬁrmsagnpmmds organi ¢ 25

sol vent which al so |s deflned" structure The solvents in the two
reagent | ayBrs @b 9 SHire fact afit ﬂ% * but preferably, they are
t he sane conpound. Ag# ez if=Caguz:hokuss phenol organic sol vent s

can be used in elther léngérffué¥%§lk§{ quaternary ammonium salts,

for example, commercially available as FLUORADTM FC
135 from 3M Corporation, as LODYNETM 106 from Ciba-
15 Geigy, or as zONYLTM FSC from DuPont.

Amphoteric Surfactants:

Perfluoroalkyl betaines, for example,
commercially available as SURFLONTM §-132 from Asahi
Glass Co., or as ZONYLTM FSK from DuPont.

20 Anionic Surfactants:

Fluoroalkylsulfates, for example
commercially available as FLUORTENSIDTM FT-248 from
Bayer, or as FLUOWETIM SB from American Hoechst, or
fluoroalkylalkylenethiocalkylenecarboxylates, for

25 example commercially available as zZONYLT™ FSA from
DuPont.

Preferred perfluorocalkyl surfactants
include the perfluorocalkyl betaines (such as
SURFLONTM $-132 amphoteric surfactant) and the

30 ethoxylated perfluoroalkyl surfactants (such as
SURFLONTM 5-145),

The amount of useful perfluorcalkyl
surfactant in each reagent layer is generally at
least 0.005 g/m2 with an amount of from 0.005 to 0.2

35 g/m2 being preferred.



30 Optionally, but preferably, the porous spreading | ayer is
separated fromthe two reagent | ayers with a hydrophilic subbing |ayer
conposed of one or nore suitable hydrophilic binder materials. Such
materials include, but are not limted to 35 gelatin and other coll oi dal

material s, polyners of -11- -9- vi nyl
pyrrolidone, vinyl alcohol, acrylam de, ﬁ- . al kyl -substituted acryl am de
(such as N i sopr opyTher ghonhee)ofi peltical EopdtYner SERderb9f and

other material gngepdllyofRPaLeftet0dOREvEKIvE e8NS bPghfEcagblvents
The pH of at least 9 in the elenent is ai ned q#rlng an assay for
f

; i nt
lithiumion bydepersped abeypel Santhpl Eepdt+BrdetaFRIBEERY ¥s incorporat ed
into one or nogkilayerwopkberalban thewéwer | eslgenimdint & ayay sbeand

preferably, . it is in e hydrophiliLc bbi ng | r uffers

i ncl ude, bt ayégﬂb? £ F%ﬂ??eﬂkttfoﬁ-?t§%lgﬁegyl%%?n%féﬁgég%%gnesulfonic
acid,.4-aninobﬁrymi0.actd,Op&ogpm%teoﬁndhargﬂn¢n@an4'et¥©¥erabIy, t he pH
I's maintained gf 10,08 ébOV@h§‘59g&§ict981VQH€rih'@hé betog %éa?ent

It is partlcularfy usefual to have’one ofr nore perfl uoroal ky
surfactants inlaveremay bPaepresenecbndareamentt|afefromr@fert®i {0 such a

surfact ant ah8 plasedabnybetbnreagsnt, | gyets. Bhehosgahaetants 20 can
be anionic, cationic, noniohic or anphoteric_in .
10 solvent in the second reagent layer may be present in
an amount of from 0.5 to 12, and preferably from 2 to
6, g/m2. All amounts are dry weight.

The assay of this invention can be manual

or automated. In general, the element is used by

15 physically contacting it with the test specimen (for
example from 1 to 200 pl) suspected of containing
lithium ion under ambient conditions (although other
temperatures can be used). The specimen and reagents
become mixed within the layers of the element and any

20 lithium ion complexes with the l4-crown-4-ether
derivative to produce a spectrophotometric change as
described above. Contact can be achieved in any
suitable manner, for example by dipping or immersing
the element into the specimen or preferably, by

25 spotting the specimen onto the element by hand,
machine or suitable dispensing means.

After specimen application, the element is
exposed to any conditioning, such as incubation,
heating or otherwise, that may be desirable to

30 guicken or otherwise facilitate obtaining a test
result.

Generally within 5 minutes, and preferably
within 2.5 minutes, a spectrophotometric measurement
is made. This measurement can be made using suitable

35 reflection or transmission spectrophotometric



nature. They have one or nore fluorocarbon noieties in the nol ecul e,
each of which has one or nore hydr ogen atons replaced by a fluorine
atom Each fl uorocarbon noi ety has at | east 4 carbon atons, and 25 can
be saturated or unsaturated. Wen the surfactant has two or nore

fl uorocarbon noieties, each noiety arg, predom nantly straight chain
groups havi ng no more than one or two snall branches (for exanple,

met hyl or et hyequfipggntnanddprspcaeafrgsr BfateBfasyre 86 labPevmedOBan be

connected togetBakchY raRi8h03RI €he teBackBRpeewWhi ch is linear or branched.
When t he surfactant has only one fl uorocarbon noi et t hat noi ety

can be branched or |ineaffien the preferregbpé—Egpwp56r§¥h9F each

H uorocarbon maeetyaBlveBasikeem 4nt vabbecar hbovat ape, ubeamif the33d
uorine . . . - 10- opg, and a

ratio of fluor PRECELSfs Ofot0Er BBXCRESRR theoFPSFthggFtEm%%rgE

Repr esent at i vecbanfiactiangsnarelay frebkowsd at a wavelengtNowhdéphcis

Surfactants: 5 i+ | yar yhLhpal ¥(e | epe Lde) al cohol s,

for exanpl e, cgﬁﬁg%giEPFyr§§§FIgglg§g§ 499 %éN?P?Nﬁ@SN9§an1DUPont, or as

FLUOWETTM OT f MBRsuremppsr pgad MeBehsngthr oét RsRpl 468dtpefPPuBPoal kyl

material s suchpasngUBrkERFMed45 Them.Asabir 6bass &Bmpflaksagknown as

"surfactant. F-35"). .
10 compounds may require measurement at other

wavelengths as one skilled in the art could readily

ascertain.

Example 1
I D . .
15 The preferred element of this invention and

amounts of components are illustrated in the structure:



Cationic Surfactants: Per f 1 uor oal kyl quaternary ammoni um
salts, for exanple, comercially avail able as FLUORADTM FC 135 from
3M Cor poration, as LODYNETM 106 from Ci ba- 15 Geigy, or as ZONYLTM FSC
from DuPont . Amphot eric Surfactants:

Per fl uoroal kyl betai nes, for exanple, commercially avail abl e as
SURFLONTM S-132 from Asahi d ass Co. [ 18r as ZONYLTM FSK from DuPont. 20
Ani oni ¢ Surfactants: Fl uor oal kyl sul f at es, fongxdﬁgygrage
comercial ly ' - {ggm
FLUOWNETTM SB from Aneri can Hoechst, or

f I uor oal kyl al kyIRFRAHMAI kyl endReE B IR ERECfor 25 exanple corftcially
avai |l abl e" as ZONYLERMESA from #Eﬁ%gt. Preferre

perfl uoroal kyl surfactants G ¢ RCE?$F uor oal kyl bet ai nés (such as
SURFLONTM S- 132 anphoteric surf o™ et hoxyl at ed

per fl uoroal kyl surfactants (suc"ﬁsclgi}g\IEE %%%%H%@gﬂ? 145). 1.4

The anount of useful perfl uoroapdrho xsUbkagidnbriik each reagent |ayer is

general |y at | east 0.005 g/ nfergjraddngpn amount of fromO.QP5to 0.2
35 g/nR2 being preferred. -11-
Subbing Poly (vinylpyrrolidone) 6
Layer

3- (N-cyclohexylamino)-1-
propanesulfonic acid

buffer (pH 10.6) 6
Second Reagent Hardened gelatin 10
Layer
SURFLON™ 132 surfactant 0.02
2,4-Di-n-pentylphenocl 3.2
First Reagent Hardened gelatin 12
Layer
SURFLON™ 132 surfactant 0.02
Compound 2 of Table I 0.4
2,4-Di-n-pentylphenol 3.2
Polv{ethvylene terephthalate) Support
Example 2 i X i A n
5 Element

An element similar to that of Example 1 was
used to detect lithium ion in a serum specimen and
compared to the performance of a Control element which
was like it except 2,4-di-n-pentylphenol was omitted

10 from the second reagent layer. The element of this
invention was like that of Example 1 except: the
polyurethane coverage was 3 g/m2, TRITON™ X-100
nonionic surfactant was used in place of TRITON™ X-405



The amounts of critical reagents (that is, t he 14-crown-4-ether
derivative and organic sol vents descri bed above) can be readily
determ ned by a skill ed worker al so. However, the anmounts may be 5
within the range of fromO0.05 to 2, and preferably fromO0.2 to 0.8
g/ n2, of the 14-crown-4-ether derivatiiye. The organic solvent in the
first reagent | ayer may be present in~an anount of fromO0.5 to 10,
and preferabl y forgrard a eus fagimmt Tirach eenronents g ehte  gubhEngecond

reagent b: ayer rm%ézé?e wrarsﬁSagi;t:; }g:TVQmZ, ?ammwm 186 Eﬁ@ﬂh@tﬁnﬁowég, uged
preferably from ; . ts are.qgry, weight.

The assay of tf#% Q'g\)erﬁ/inbn ’%&?F%ﬁlr%w&orgagt oﬁﬁgegfno}“ﬁtg@ﬁeral , the
el enent is use@,y-dis s hernsantacttng $écond hrédgehestiageecvarnd (for
exanple from1 200 rell) pect Wy l'ithiumion under
anbi ent cong]i t iiﬁ"s ‘( aa}r{(ﬁo%gi %/tsxﬁférméC égwéér%r%?g m%%nlg%%dbe used). The

speci men and reagents Thre caossays xeelr & pel foxmed | ayetiBe oplementes erent and

any 20 |ithium i\ GPHdEXsSeiV kdbt hee 1ds 6 oaa 41 94 Neglativdehumdgivg to
produce a spectrophotonetric change as descri bed above. Contact can be

achi eved in anyttil dehms Sifor exanple by dipping or inmmersing
the elenent into the specSemmocsampkéer 80 W1 byc@st spoing ngathengpeci men

onto the el egnment_ by .han i or i { abl e, dj S} S.
Ster opectiion SnEHAtRl 027 (5 E wrg o Rt ] Bk L ALRRRRPLEY dERD

condi tioning, spittesdiowtdbathenspreadibgalangroofoihdéiwidealt hat may be
desirable to 30 ' or r Wi cili e i g N t

resul t. efg%é%getkﬁ%€%$$y¥%§§#§€Fé$n%%%t%%?ﬁgngép?%?%%gﬁl?t
within 2.5 m n®%S, dhpecefbphivaneet ¢¢rs hens (Prhevas measpusedndd. 6Fhi s

measur enent  Cambe;SHU A1ShWhatd PEEoPRiRET LEEL EOPaRE HAASTEERELBY .
spectrophotonetric _, . . . .

15 The lithium ion concentrations obtained from these
reflectance densities were compared to the predicted
concentrations for the various amounts of analyte in
the serum samples. Additional densities were measured
after about 130 seconds {(from specimen spotting) and

20 after about 290 seconds.

Tables II, III and IV below show the
reflectance densities measured at 48, 130 and 290
seconds, respectively, for both Control and Example 1
elements. The data include the standard of deviation

25 {(S.D.) at each concentration. The standard of
deviation is a parameter which indicates the variation
from a mean generated from several repeated
determinations. It is indicative of precision since a
high precision would have a low standard of deviation.

30 The data provided in the 0.27 to 3.71 mmolar
concentration is most important since this is the most
useful range for determination of lithium ion
concentration in patients.



-12-

14- cr own- 4- et her
practice of the invention,

equi pnent and procedures as a neasure of
concentration in the test sanple.

measured at a wavel ength which is

nm wth

measurenent at a wavel ength”

W t

[ithiumion

When the preferred
above are used in the 5
change is generally

derivatives listed in Table |
t he spectrophotonetric

izn the range of from 400 to 700

from450 to 650 nm bei ng
preferred. The use of other conpl eximgal® LaBpoIMds nay require nmeasurement

The preferred eIenent of this

at ot her

ascertain. 3

| on Deterninatroqz rol-

anounts of conponents are illusty

- 13- 0.59038
0.60684 0.53
0.62593 0.79
0.64594 1.02
0.68924 1.52
0.75296 2.50
0.85375 3.72
0.93319 5.00

-Example 2-

0.38294 0.27
0.40113 0.53
0.41258 0.79
0.42807 1.02
0.45465 1.52
0.50820 2.55
0.56291 3.71
0.62740 5.00
0.81685 10.59

0.
.76
.01
.58
.43
.81
.93

B> W NN - PO

Ul W N P PO O O

a%ed in the strHCEHre

51

.31
.58
.77
.02
.58
.49
.64
.15
10.55

0.
.1114
.0568
.0543
.1563
.1221
.2058
.2207

O O O O O O O

o O 0O O 0O O O O O

wavn.lzarag-tnhs as oneuekukhed in thadasrtid mulmd readi | y

i nventi on and
0500

.0356
.0579
.0631
.0560
.0435
.0452
.0644
.2099
.1966



Dry Coverage (g/ nR)

Spr eadi ng Barium sul fate 100 Layer

Cel I ul ose acetate 8 ESTANE[ err ]

pol yur et hane 1.4 TRITON[ err] X-405 nonionic

sur f act ant 0.7 Sultlsi-ng

Pol y(vi nyl pyrrol i done) La

3- (N—cyclohexylanlp 2 et IAEAA BLE &ﬁggp anesul foni c acid

buf fer (pH 10.6) . o-eoee seusg e Secoﬁ’d'dﬁ 2 n?i " Har denegd gel atin

10 La D. Ion Concentra 0 02

2, 4- D-—n-pentyIpHEmmrol- 3.2 First Reagent Har dened

gelatin 0.78156 12 0.27 Layer 0.085RFLON err]

132 surfactant 0.02 und 2 of Table I

0.4 0.80167 2, 4- Exonﬁﬁentylphenolcengg ggog

Pol y( et hyl ene teoeBhBBaIate) SuppoT 9 0.76 0.0886
0.83239 1.02 0.98 0.1027
0.87722 1.52 1.58 0.2299
0.93576 2.50 2.38 0.1232
1.04067 3.72 3.82 0.2163
1.11907 5.00 4.92 0.2429

-Example 2-

0.40299 0.27 0.32 0.0542
0.42751 0.53 0.55 0.0516
0.45080 0.79 0.79 0.0548
0.47036 1.02 1.00 0.0417
0.51114 1.52 1.47 0.0593
0.59127 2.55 2.51 0.0580
0.66887 3.71 3.66 0.1363
0.75481 5.00 5.12 0.2172
1.01130 10.59 10.55 0.1998



Exanpl e 2 Conpar ati ve Exanple Using Alternative 5

El enent An elenment simlar to that of Exanple 1 was used
to detect lithiumion in a serum speci nen and conpared to the
performance of a Control el enment which was |ike it except
2, 4-di - n- pentyl phenol was omtted 10 front%he second reagent |ayer. The
el ement of this i nvention was |ike that of Exanpl e 1 except: the
pol yuret hane coverage was 3 g/ n2, TRrTONBeLrg X3¥00 noni oni ¢ surfactant
was used in pl ace.mictm TON em:};u)(wl% Predicted Lithium
-14- pagitiy B0t 3 2 bl , o b Ng
at 4 g/nerr], SL err] 145 surfactant was used at 0. 01 g/ n2
i nst ead of SURFL err 132, the anDunt of 2, 4-di - n- pentylphenol in the
second reagent 4 5 g/nP:;23nd 0.6 g/ 2 8f 3éonpound 9 -R¥&4used.
The assays mere gemﬂgﬁnﬁd on thegekgnents (whi_gh had been lept at
25[err] C and 15%,r ve hum dity until use fol | ows:
Serum sanpl es (1 (a§314) contalhrﬁa varying 10 Yarnmdunts (0. 57144310. 59
mol ar) of |ithi dmG5&Yner e 3pORted onto theOspheadi ng | @yar4e6f
i ndi vi dual elien@yyos. After ipcybation for abqui,48 secongs
37[err]C, the re ectaﬁke densrt§ g ) was neasureg at 600 6 3%%1usrng a
standard recordi Ag ¥%%4%ct ance dén8Ptoneter. 0.1471

1.23757 3.72 3.81 0.3548

1.30090 5.00 4.87 0.3579

~Example 2-

0.39812 0.27 0.32 0.0480

0.42333 0.53 0.55 0.0518

0.44727 0.79 0.79 0.0541

0.46905 1.02 1.01 0.0335

0.51070 1.52 1.47 0.0457

0.59200 2.55 2.50 0.0542

0.67216 3.71 3.66 0.1163

0.76110 5.00 5.13 0.1737

1.02234 10.59 10.55 0.1798

The data in these tables indicate that
placing the aromatic organic solvent in the second
5 reagent layer improves the precision of the assay
particularly at the longer evaluation times (130 and
290 seconds) and in the desired concentration range of
0.27 to 3.71 mmolar. This enables a user of the
element to accurately determine lithium ion
10 concentration at longer times.
Examples 3 & 4 Elements Having Various Amountg of
Organic Solvent in Second Reagent Laver
Elements similar to that shown in Example 2
were prepared having 1 and 5 g/m2 of 2,4-di-n-
15 pentylphenol in the second reagent layer (Examples 3



15 The lithiumion concentrations obtained fromthese refl ectance

densities were conpared to the predicted concentrations for the various
anounts of analyte in the serum sanpl es. Additional densities were
measur ed after about 130 seconds (from specinen spotting) and 20 after
about 290 seconds. Tables |L,g Il and IV bel ow show the

refl ectance densities neasured at 48, 130 and 290 seconds,
respectively, fandtﬁnrréim&¢tﬂveﬁuﬁJE@anblwsad to @¢teaehtvarThes dhewelscl ude
the standard Ofofﬂel\/i@&mm Zon (6:3%)1 @lsSamtoroPreatésthty tdhensgt andard

of deviation is parameter. which I ndicates the variation froma
mean gener at ed H?Qﬁﬁ@%r%s?@g%@ew Examt@r#i nabF®FES1PR V&S ndi cati ve

of precision S'a[@@b;étable Mtgf'éailﬂ@cct@m@éhm&ibﬂﬂadﬁ @ré@m\&etﬁﬁﬂﬁéﬂt pfas

devi ati on. he dat |d d in the

concentrat i REL LWt %ﬁrﬁ%@??ﬁ%e% l?hi R%ggny ?éﬁ§@?bF thnge for
deternination(ﬁnleIuLEmampﬂe 4) domba@atration in patients.

- 15- TABLEII Reflectance Actual Lithium
Predicted LithiumDenity (DO Ion Concentration lon Concentration S.D
-Control - 0.59038 0. 27 0. 30 0. 0500 0.60684
0. 53 0.51 0.1114



0. 62593 0.79 0.76 0. 0568 0. 64594

1.02 1.01 0. 0543 0. 68924 1.52

1.58 0.1563 0. 75296 2.50 2. 43 0.1221
0. 85375 3.72 3.81 0.2058 0.93319

5. 00 4.93 0. 2207 -Exggple 2- 0.38294 0.27
0.31 0. 0356 0.40113 0.58 0. 0579
0. 41258 0.79 0T7# BLE V0. 0631 0.42807

1_ 02 l.tlr_cm::o Actv.ldis%um 0 454qudictad Lithium 1 52

1.58 O—G¥$4Ero (g5 Ton Conentration  Jon Consemtretisp g 82— (457
0. 56291 -483s&tbnds- 3. 64 0. 0644 0. 62740

5. 00 0243%83 Qy 20P9 0.81685 .35 10.59 g, 0164

10. 55 0. 1966

. -16-
TABLEIII RePréeddfice ActudStithium pPredieted Lithién?%ﬁ%sity (D)
| on Concentratiop.477ben Concentgatdon S.D. -Copt7®l - 0.78158430

N R L
0. 0886 0.53201 1.52 1.41 0.0597
0.61064 2.55 2.56 0.0989
0.68539 3.71 3.92 0.0574
0.73044 5.00 4.87 0.6131
0.94355 10.59 10.55 0.0630
-130 seconds-
0.44875 0.27 0.32 0.0189
0.47573 0.53 0.54 0.0298
0.50347 0.79 0.78 0.0431
0.52751 1.02 1.01 0.0451
0.56852 1.52 1.43 0.0555
0.66064 2.55 2.55 0.0787
0.75085 3.71 3.86 0.0370
0.81433 5.00 4.92 0.4491
1.08263 10.59 10.57 0.1380
-290 seconds-
0.44499 0.27 0.31 0.0152
0.47193 0.53 0.54 0.0308
0.48855 0.79 0.79 0.0463
0.52136 1.02 1.01 0.0458
0.56143 1.52 1.44 0.0567
0.65089 2.55 2.56 0.0786
0.73822 3.71 3.85 0.0392
0.80076 5.00 4.91 0.4259
1.06657 10.59 10.57 0.1352



0.83239 1.02 0.98 0.1027 0.87722

1.52 1.58 0.2299 0.93576 2.50

2.38 0.1232 1.04067 3.72 3.82

0.2163 1.11907 5.00 4.92 0. 2429 -Exanple 2-

0. 40299 0. 27 0. 32 0. 0542 0.42751

0.53 0.55 0. 0516 0.-45m80 0.79

0.79 0. 0548 0.47036 o i.g? 1.00

0.0417 0.51114 Refle “1.52 - L edicted Lithium 0. 0593 0. 59127

2.55 'iE ‘B‘g ey h8 o 668 f W 71

on Concentration 8.D.

3. 66 5. 12

0.2172 1.01130 -48 ‘secondgy, 59 10.55 0. 1998

-17- .42546 ToA2B L E IV o Raf |l ect ancey . o&xgual

Li t hi um Predlcte um sity (D Cbncentr | on

Concentrati on é;&éifﬁ Contr(S)::)%r')3 1 019 q%76557

0.34 0.09em 47606 1.043890.79 0.53 0.78 0.710.0450 0.4242

1. 04574 00 7499740 q..ylz 0. 14303. 99 1. 05)8.701095

1.02 0.1240
0 54326 1.52 1.49 0.0560
0.62680 2.55 2.53 0.0400
0.70933 3.71 3.72 0.0605
0.79057 5.00 5.05 0.1284
1.05804 10.59 10.57 0.1515
-130 seconds-
0.41903 0.27 0.32 0.0246
0.44748 0.53 0.55 0.0310
0.475690 0.79 0.79 0.0534
0.49669 1.02 0.98 0.0156
0.54473 1.52 1.45 0.0526
0.64198 2.55 2.55 0.0431
0.72740 3.71 3.67 0.0354
0.82192 5.00 5.09 0.1384
1.11149 10.59 10.56 0.1590
~-290 seconds-
0.41180 0.27 0.33 0.0254
0.43846 0.53 0.55 0.0329
0.46573 0.79 0.79 0.0575
0.48559 1.02 0.98 0.0161
0.53145 1.52 1.45 0.0534
0.62512 2.55 2.54 0.0499
0.70829 3.71 3.67 0.0254
0.80133 5.00 5.10 0.1465
1.08220 10.59 10.56 0.1270



1.10091 1.52 1.61 0. 3912 1. 14445

2.50 2.30 0.1471 1. 23757 3.72

3.81 0. 3548 1. 30090 5. 00 4.87 0. 3579

-Exanpl e 2- 0.39812 0.27 0. 32 0. 0480

0. 42333 0.53 0.55 -21-0.0518 0.44727

0.79 0 - . -

1.01 o.8§8@596 > o 51Sgg6éI*5Qﬂ-gg-égggigﬁL;QQJQQ%%%% 0. 0457

0. 59200 2.55 This exappdg shows agcggpgrison qf 67216

g-zé caliBfation culviib3enerateld 4@liRriocus codﬁéﬁlratlons
0.1798

The data in thiée ?abPeg?i H‘H‘Pigfé f’ﬁatllt}’lufﬂ A0 F R finor%%t%e Bt S ¢
sol vent in % hethésondvehtivaaged: al apeat rioipedesentheshirdriisi utsfidehe assay

part i cularly ainEngchBaogte eakuabianeioins G0 Albhone JOGisrgONds) and

in the desired concéntration ran 71 mol ar. ThIS enabl es

a user of the 1nV€BFé@BnWaﬁot@@@uﬁ@@@mylébﬁéﬁMR%?I%tQHQMﬁWQNCQRFrO

Zonce{‘t r a]E i on afeheRgeivals @ﬁ%}llarl alQ%@te&c‘épl?S_d Qﬂ‘fég:t %H@-\bﬂ‘wal_ﬂlﬁfi ous
nmounts o vent_in. Secon aaent
El enents si ni | §P1VERER¥ES E?B\Rn’ftler‘ﬁ %}{ e, secong}, Teagent ¥ $favi ntf'9 and

5 g/ n2 of 1 4- giropedlire [feut yﬂep.lmo]nung trieef lssEhb e ebayesitty agees X Es@npl es
3 that described in Example 2. FIGS. 1 and 2 show the
calibration curves for various analyte concentrations
over time for the assays using the Control (FIG. 1) and
invention (FIG. 2), respectively.
15 The amounts of lithium ion concentration used
in these assays were (as defined in the FIGURES):
Fluid A: water (no lithium ions),
Fluid B: 0.27 mmolar,

Fluid C: 0.53 mmolar,

20 Fluid D: 0.79 mmolar,
Fluid E: 1.02 mmolar,
Fluid F: 1.52 mmolar,
Fluid G: 2.50 mmeclar,
Fluid H: 3.72 mmolar,

25 Fluid I: 3.72 mmolar, and
Fluid J: 5.00 mmolar.

Example 6 Fluorin n

This example demonstrates the importance of
having perfluoroalkyl surfactants in the second reagent
30 layer with the organic solvent to stabilize the
suspension of solvent in the coating formulation.
The element of Example 1 was used to assay
samples of wvarious fluids containing various amounts
(0- 2.4 mmolar) of lithium ion. A Control element was
35 similarly prepared except that the SURFLON™™ 132



- 18- and 4, respectively), and used to detect various |evels of

lithiumion (0.27-10.59 nmol ar) according to the procedure described in
Exanpl e 2. Precision was accept abl e at each concentration of organic
solvent, as 5 shown with the data presented in Tables V (Exanple 3) and
Vi (Exanple 4) bel ow. -19

T AB LE V Reflectance Actual Lithium P23H cted L|th|un1 Density (D err])
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0.0630 -136 seconds- Fluid A: Pool of patient samples, 0.05 mmolar

lithium ion,
Fluid B: Pool of patient samples, 0.9 mmolar
lithium ion,
Fluid C: Pool of patient samples, 2.4 mmolar
10  lithium ion,
Fluid D: 0.55 mmolar lithium ion,
Fluid E: 1.6 mmolar lithium ion,
Fluid F: Pool of patient samples, 0.23 mmolar
lithium ion,
15 Fluid G: Pool of patient samples, 1.05 mmolar
lithium ion,
Fluid H: Pool of patient samples, 2.47 mmolar
lithium ion,
Fluid I: Control fluid, 0.71 mmolar lithium

20 ion,
Fluid J: Control fluid, 0.82 mmolar lithium
ion,
Fluid K: Poocl of patient samples, no lithium
ion,
25 Fluid L: Pool of patient samples, 0.89 mmolar

lithium ion,

Fluid M: Pool of patient samples, 2.36 mmolar
lithium ion.

It is clear that the element of this

30 invention showed a reduced rate of background dye

development (that is, dyve development from sources
other than lithium ion) compared to the Control
element.
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0.1352 5 a) a first reagent -Ma¥yer containing a 14-

A BL EVI Reflectance Actual Lithium_Pre |§%gd Li t hi um g

crown-4-ether derivative dye for lithium ion,

b) a second reagent layer containing a
perfluorocalkyl surfactant, and an aromatic phenol
organic solvent having the structure (I):

OH

R2

10
wherein Rl and R2 are independently alkyl of 1 to 20

carbon atoms or acyl of 2 to 20 carbon atoms, and
c) a porous spreading layer,
the element further comprising, in a layer
15 other than the first or second reagent layers, a buffer
present in an amount sufficient to maintain a pH in the
element of at least 9 during an assay,
the element characterized wherein it further
comprises a second aromatic phenol organic solvent in
20 the first reagent layer, which second aromatic phenol
organic solvent has the structure (I), and the first
and second organic solvents can be the same or
different.
2. The element as claimed in claim 1
25 further comprising a subbing layer between the second
reagent and porous spreading layers, and wherein the
buffer is in the subbing layer.
3. The element as claimed in either of
claims 1 or 2 wherein the buffer is present in an
30 amount sufficient to maintain a pH in the element of at
least 10 during an assay.
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wherein R3 is substituted or unsubstituted alkyl of 1
10 to 15 carbon atoms, R4 is hydrogen, nitro,
methylsulfonyl, N-alkylsulfamoyl or N,N-
dialkylsulfamoyl wherein said alkyl is substituted or
unsubstituted and has 1 to 20 carbon atoms, R is
substituted or unsubstituted alkyl of 1 to 10 carbon
15 atoms, and X is N or CH.
6. The element as claimed in any of claims
1 to 5 wherein the first and second aromatic phenol
organic solvents are the same.
7. The element as claimed in any of claims
20 1 to 6 wherein R! and RZ2 are the same and are butyl,
pentyl or hexyl.
8. The element as claimed in any of claims
1 to 7 wherein the first and second aromatic phenol
organic solvents are both either 2,4-di-n-pentylphenol
25 or 2,4-di-f-pentylphenol.



-21- rrparl son of Calibration Curves Thi s
exanpl e s ﬁﬁwgﬂl cali bration curves generated at various
concentr at 1xONg 0 59 mmol ar) of lithiumion using an el enent of

5 this invention and a Control elenent which is outside t he scope of
this invention. The elenent of this invention was that shown in Exanple
1 and the Control el emrent was siml ar‘??'prepar ed except that the
organic sol vent was q.tted deted s etundssageitat ayerof The 10
procedure for determ ni.ng reflectance density was |ike t hat descri bed
in Exanple 2. RS £ oW T e calibration curves for various
anal yte concentrati s combhestirigms florquitk sample sspected @ontrol (FIG
1) and | NV QR LR o ﬂ&ll@hllﬁﬁwtwm Ya dry multllayerTé‘@a Ups s of

[ithiumion concentratl on used in these assa“é_’n vvere as gfl ned in the
FIGURES): 5 element aggfigimed it &Y RE 1G4+ o‘?%) , an

Fluid B: 0.27 nmol arB)  determining Rihe g:rﬁnéé 5 rﬁ@éc&tﬁro@ﬁbtometrlc

Fluid D. 0.79 nnol ar,, . id E: 02 ol ar _

Fluid F: 1.52 fpggl in the element i @ SR Tgh apf the 14

Fluid H 3.72 mmiwvar-42%ther dye derFratiive wixly2linolam, iemdin the

Fluid J: 5.00 mrd sampfé<_zarrpl e 6 Effects of Fl uori nat ed Surfactants




Thi s exanpl e denonstrates the inportance of havi ng perfl uoroal kyl
surfactants in the second reagent 30 |ayer with the organic solvent to
stabilize the suspensi on of solvent in the coating formnulation.

The el ement of Exanple 1 was used to assay sanpl es of various fluids
cont ai ni ng various anounts (0- 2.4 mmolar) of lithiumion. A Control
el ement was 35 simlarly prepared except-2drat the SURFLON err] 132

-22- surf act ayRYRANZRVRTCAT "ERENERTAD MEFEHODWHGOR THE
ALKANOL[ err] XC “%?%bgr?&ﬁﬁﬁ:@rﬁzﬁr&ﬁﬁhﬁmﬁ] OF WETHIUM' §ONtS are

illustrated in FI Contr ol (I'nvention). The fluids used
were as fol | owed: Fl ui d RARBIFACHf patient sanples, 0.05
ol ar l'i thi um ion, A multilayer an&lytilcBl Bdemhent hati beensanpl es,
0.9 nmmol ar Poog of, patient

sanpl es, 2.2 nﬁ%ﬁ%?ar?€1#?fh?ﬁﬁ1f%nthe accuratd COE$FFme DF 0.55 mol ar

[ithiumion, determlnatloanﬁ|H1Eh1um61qnnfannﬁ|un|aquegns

Fluid F: Pool S e t 15
ouer hol 0% é’ﬁ%ﬁﬂ%ﬁ% Sggrig éleﬂeﬁé ErHE]llﬁ{ies flrlst Blhgmslbegnd

Fluid H Pool o¥e$%?FEn%a¥8ﬁ§IB%deéhﬂﬁthnﬁlEPrOUS spreadlng ayer. A
more precise assay at longer read times of dye

10 formation and reduced rate of background dye
development are achieved because the second reagent
layer contains both an aromatic phenol organic solvent
and a perfluocroalkyl surfactant which were formerly
included only in the first reagent layer. A l4-crown-

15 4-ether derivative dye is used to complex with lithium
ion to provide the colorimetric signal.

(Figure 2)



[ithiumion,

Fluid I: Control fluid, 0.71 nmmolar lithium 20

ion, Fluid J: Control fluid, 0.82 molar |ithium i on,
Fluid Ki Pool of patient sanples, no lithium ion, 25 Fluid
L: Pool of patient sanples, 0.89 mmol ar l'ithiumi on,

Fluid M Pool of patient sanples, 2.36 mmmplsar l'ithiumion

'"It is clear that the elenent of this 30 invention showed a reduced rate of
devel opnent (that is, dye devel opnment from sources

background dye

other than lithiumion) conpared to the Control el enent . C L
M S * -23- CLAI VEB: 1. A
dry multilayer analytical elenent for the determnation of lithiumion
conpri sing a support having thereon, in order and in fluid contact: 5
a) a first reagentQ ayer containing a 14- crown-4-et her derivative
dye for lithiumion,¥®© b) a second reagent |ayer containing
a per fl uoroal kyl Tsuf factant, and an aromatic phenol organi ¢ sol vent
having the structure (I}): H
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10 wherein R err] and R err] are independently alkyl of 1 to 20

carbon atons or acyl of 2 to 20 carbon atons, and c) a
por ous spreadi ng |ayer, the el ement further conprising, in a
t ayer 15 other than the first or second reagent |ayers, a buffer
present in an anount sufficient to maintain a pHin the el ement of at
| east 9 during an assay, th@/él enent characterized wherein it
further conprises a second aromati c phenol organic solvent in 20 the
first reagent |ayer, which second aromatic phenol organi ¢ sol vent has
the structure (), and the first and second organic solvents can be the
same or different. 2. The el enent as clained in claim
1 25 further conprising a subbing |ayer between the second reagent and
por ous spreadi ng Iay'(;.;s_b and wherein the buffer is in the subbing
| ayer. M3 The el enment as clained in either of clains 1
or 2 wherein the buffer}lis present in an 30 anount sufficient to maintain a
pH in the el ement of at | east 10 during an assay.
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- 24- 4. The elenent as clained in any of clains l1to3

wherein the buffer is 3-(cycl ohexyl am no)-1- pr opanesul foni ¢ aci d,

4- am nobutyric acid, phosphate or arginine. 5 5. The

el ement as clainmed in any of clains 1 to 4 wherein the 14-crown-4-ether
derivative dye has the structure (I1) [err] wherein
R3 is substituted or unsubstituted alkyl of 1 10 to 15 carbon atons, R4 is
hydr ogen, nitro, met hyl sul fonyl, N-al RyBsul fanoyl or N, N-

di al kyl sul fanoyl wherein said alkyl is substituted or unsubstituted and
has 1 to 20 carbon atoms, R5 is substituted or unsubstituted al kyl of 1
to 10 carbon 15 atons, and X is N or CH 6. The elenent as
claimed in any of clains 1 to 5 wherein the first and second aromatic
phenol organi c solvents are the sane. 7. The el enent as

clainmed in any of cla&ps 20 1 to 6 wherein Rlerr] and Rlerr] are the sane

and are butyl, O~
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‘pentyl or hexyl. 8. The elenent as clained in any of clains

1 to 7 wherein the first and second aronati c phenol organi ¢ sol vents
are both either 2,4-di-n-pentyl phenol 25 or 2,4-di-t-pentylphenol.
CcC L MS * - 25- 10. A net hod
for the determ nation of l'ithiumion conprises: A contacting
a liquid sanpl e suspected of containing lithiumion with a dry
mul tilayer analytical 5 elenent as claing?4in any of clains 1 to 9, and
B) determ ning the change in spectrophotonetric signal in the el enent
from conpl exation of the 14- crown- 4-et her dye derivative with |ithium
lon in the i quid sanpl e.
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