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Molecular deviceslie at the smaller size-range of nanoscience Table 1. Optical and Proton-Binding Properties of 1a—d?
and nanotechnologd/Molecular processing of digital information absorption? emission®
now has many examples, especially regarding diverse logic case 2 (log €) A (P, Prin) K2
operations.Some of these digital devices require parallel operation 15 393(4.03), 372(4.02), 353(3.81) 405, 427, 445 (0.59, 0.004) 8.1
to achieve their functiohHowever analog information remains a  1b  395(4.10), 374(4.09), 355(3.87) 405, 427, 445 (0.56, 0.005) 6.1
substantial part of our world, for example, many sensors for 1c 395(4.03), 374(4.03), 355(3.81) 404, 426, 443 (0.55,0.014) 4.1
chemical species deal with analog informati@ince they must 1d  393(4.01), 372(4.01), 353(3.76) 404, 426, 443 (0.56, 0.008) 1.4
produce a measurable, change in signal in response to small changes aContains 1quM of each sensor in aerated methanol/water (1:4, v/v).
of analyte concentration. Molecular sensors fall far short of the 4. obtained by comparison wittib (¢ = 0.66 in deaerated methanol/
ideal response which should occur uniformly over a large range of water (1:4, v/v) at pH 3.5)° ° Essentially independent of pHExcitation
analyte concentration. We now show a simple but predictive way at 3722’3"‘-" Obtained by employing log ¢, — #&)/(¢F — éF,,)] = PH
of running molecular analog deviédn parallel so that they emulate P
the response function of the glass pH electfodhe workhorse of
many scientific laboratories and the basis of several industries
though operating wireless at a far smaller size-scale, along with an W
imaging capability in real time.

While there have been several admirable efforts to develop
molecular-level systems to address this prob¥empredictive ap-
proach to attaining a wide quasilinear dynamic range has remained
elusive. Classical “universal indicatofstannot provide a high
degree of quantitation under simple monitoring conditions. Molec-

-

ular optical sensors on/within bulk materials naturally give wide, but ~ —
unpredictable, dynamic ranges and also sacrifice space resdftion.

Our design is summarized in Figure 1. This approach remained
inaccessible until fluorescent photoinduced electron transfer (PET) pH
sensors became availaBlgh'? Unlike other fluorescent sensor  Figure 1. Four members of a fluorescent PET sensor family, of the
designsi2-16 these possess the following set of feature@) all “fluorophore—spacer-recepto’ format, with identical fluorophores and

the absorption spectral parameters (wavelengths, intensities, andPacers but different receptors with carefully chosen proton-binding strengths
are chosen and run in parallel so that the sensing range of one member lies

shapes) of each member of a family based on the same fluorc)phoreadjacent to that of another. The nett result is that the summed fluorescence

are virtually independent of pH as also are all the emission spectral intensity becomes quasilinear with pH. Thus the sensor family has a greatly
parameters (wavelengths and shapes), except for the fluorescencextended sensing range in a quantitatively predictive manner.

quantum yield (or intensity), (b) all members have essentially NR,R,

identical absorption and emission spectral parameters which are 1a; R,= R, = CH,CH,

largely predictable from those for the fluorophore module, for OOO 1b; R;=R, = CH,CH,0H
example, 9,10-disubstituted anthracenes, (c) all members can be 16:R; = H, R, = CH,CH,N(CH,CH,),

. . . 1d; R,, R, = CH,CH,N(CH,)CH,CH.
arranged to have their emission switched “off” at pHpK,;; that v TR

iS, ¢min — 0 when compared t@max INn common with other
fluorescent sensor desigisi® all members have the pH depen-
dence of fluorescence intensitil well described by the equation ~ members must belong to the arithmetical progression 1.3, 3.6, 5.9,
log[(lg,./IF) — 1] = pH — pKy;, that is, the dynamic range of each and 8.2 (i.e., with a spacing of 2.3 pH units) if the maximum
member is the classical value of ca. 2 pH ufifEhe overall linearity is to be attained by four members over the pH range.b.
dynamic range can now be hugely extended by running a judiciously Set 1a—d is a convenient compromise, though more accurate
chosen 1:1:1:1 weighted set of membgas-d*8 in parallel, where matching to the optimum theoretical prediction can be done by

NRR,

the observed response function is given by considering linear free-energy relationships of substituted aflines
e or by exploring their large diversity, including those with very high
p— H Kal)
ZIF - IFmaXZ{ U1+ 10PH 1} 1) pK, values?? The key parameters of séa—d are given in Table

1. All the conditions mentioned above are clearly met for this set.
The 1:1:1:1 parallel operation of skd—d is easily accomplished

by measuring the fluorescence emission spectra as a function of

t Queen's University. pH for an equimolar mixture of these compounds (Figure 2). The

* University of Colombo. summed 6-1 band fluorescence intensiti—pH profile in Figure

This equation is evaluated numerically to maximize the linearity
of the response function. For instance, th€;pvalues of the
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