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Abstract: Since the solvent evaporation of a droplet on a hydrophobically pretreated glass slide,
femtomole amount of fluorescent materials is carried by the evaporation and results in outward
capillary flow to the perimeter of the droplet spot where the solute deposits, and forms a fluorescent
ring like deposit (RLD) with submicrometer-scale structures.
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Ring-like spots of spilled drops of coffee drying on adining table or water spots on dishes
are commonly observed in daily life. Their formations are ascribed to water
evaporation™?. Because of the evaporative loss of the solvent (water) from the edge of the
droplet that is spotted on a solid surface, an outward capillary flow of interior solvent of
the droplet occurs in order to keep the edge of the droplet spot pinned®. The outward
capillary flow simultaneously carries the solutes dispersed in the drying sessile droplet to
the edge of the spot, and then accumulates to form a RLD®. Herein we test that if this
formed RLD was coupled with digitalized CCD camerain mesoscopic size, it can be used
for sensitive quantification of fluorescent materials.

Figurelisatypical RLD image of 300.0 fmol fluorescein assembled by spotting 0.5
uL of agueous solution on a dimethyl dichlorosilane (DMCS) pretreated glass slide.  Its
outer diameter (2R) is1.20 mm, and the belt width (26) is24 um. Both thering belt width
(26) and the size of thering (2R) will increase with increase droplet volume, and the latter
can be expressed as>®
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Namely, the size of RLD depends on the droplet volume and the hydrophobic features
expressed by contact angle (6). Experimental data showed that Eq. (1) iswell obeyed for
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the RLD formed by spotting 0.10-3.00 uL of droplet solution. Linear regression
equations for pretreated three different batches of glass slides are R=—5.247+164.8V"*
(r=0.9995, n=12), R=—2.084+165.4V"® (r=0.9996, n=12) and R=0.05486+167.4V"* (r=
0.9995, n=12). Theidentity of K valuesin these linear regression equations for different
glass dlides proved that the preparation of RLS is reproducible and the hydrophobic
pretreatment procedures of the glass dides with DMCS is reasonable. Thus, we can
prepare a variety of RLD with different sizes. As for 0.10 pL fluorescein solution, for
example, we can prepare a RLD with the outer diameter of 0.77 mm, that is very closeto
the theoretical calculation of 0.81 mm according to Eq. (1).

Figurel TheRLD image of fluorescein formed
on a DMCS pretreated glass slide (A) and
the fluorescence intensity (B)

Figure 2 Gaussian fit of peak a
in Figure 1B

Pixels

Square symbols represent original data. Line

without symbol is Gaussian fit data. Peak a:

| | - | 1=4.64+84.67exp[-0.17(x-16.19)7, *=5.911,
| | 0,=1.707 pixels, (about 8.19um); Peak b (not

" - show): 1=5.73+ 84.43 exp[~0.12(x~253.4),

7/=6.503, 0,=2.037 pixels (about 9.78 um)

Spotted  solution:  fluorescein, 6.00x10°7
mol/L; hexahydropyridine, 0.10 mol/L; PVA,
0.066%. Droplet volume, 0.50 ulL.
4xobjective and ND25 neutral density filter
were used. The outer diameter (2R) is 1.2
mm, and the RLD belt width (26) is 24 um

Figure 1B displays the distribution of fluorescein of the RLD across the ring center.
It can be seen that the RLD is symmetrical and the fluorescence intensity inside and
outside of the RLD isnear to zero. It isobviousthat the contribution of the background is
very small, which isabig challenge for theimprovement of the sensitivity for spot analysis
on solid support such as thin film substrate including octadecylsilanized silica and poly
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(vinyl chloride) plate”®. By fitting the fluorescence intensity dataof Figure 1B, wefound
that the distribution of fluorescein molecules across the RLD belt section follows a
Gaussian function (Figure 2 only displays the Gaussion fit of peak a), and the two
o-values displayed in Figure 1B (half bandwidth of the Gaussian curve where the
fluorescence intensity is 0.6071 ) are much close to each other (o,=1.707 pixels, ca. 8.19
um; op=2.037 pixels, ca 9.78 um). This Gaussian distribution of the RLD originates
from the solute diffusion process on microscopic scales, and can be geometrically
understood as our analytes, which would be pushed into a collapsing wedge of the dropl et
at first, block the later ones from entering the farthest part of the wedge®'®. Thus, the
deposition process depends on the initial concentration of the solution and the profile of
the shrinking droplet. 1t was found that the belt width dlightly increases with increasing
initial analytes concentration under the same droplet volume, but the outer diameter of the
ring is unchangeable. PVA used as an assistant reagent to adjust the viscosity of the
droplet solution was important”®.

Based on the Gaussian distribution of the RLD, we can establish the following
relationship between the maximal fluorescent intensity (I, located at the center of the
RLD belt) and the amount of fluorescein™**:

K 2
| =—2 __ m=§&m
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Where K, isanintegral constant related to 5 and o; K, isaconstant related to the emission
properties of the fluorescent materials; misthe amount of the fluorescent materials. AsK
is related to the assembly conditions of RLD according to Eq. 1, £isin fact a constant
related to the emission properties of the fluorescent materials, evaporative velocity of the
solvent, the droplet volume, and the properties of solution. Thus, |, iS proportional to
the amount of the fluorescent materialsin the solutionif V and careconstant. AsTable 1
shows, when the droplet volume is 0.10 pl, | iSin proportional to 0.62~120.0 fmol of
fluorescein (or 6.20x107°~1.20x10® mol/L), and the limit of determination can reach 62.0
amol (or 6.20x10™° mol/L) with three fold of signal to noise ratio (SN=3).

Tablel Analytica parameters of RLD method®

Droplet volume Linear range Linear regression equation Correlation coefficient  LOD (3o, amol/ring)

(uL) (fmol/ring) (m, fmol/ring) (r n=7)

0.10 0.62~120.0 Al=-511+1.93m 0.9992 62.0
0.20 0.99~240.0 Al=-2.09+0.91m 0.9995 99.0
0.30 1.00~240.0 Al=-2.51+0.86m 0.9996 100.0
0.50 1.00~700.0 Al=0.74+0.29m 0.9994 100.0
1.00 9.20~1200.0 Al=1.84+0.20m 0.9998 920.0

@Spotted solution: PV A-124, 0.066%; Hexahydropyridine, 0.010 mol/L. 10xobjective was used for
observing RLD by spotting 0.10 pL , 0.20 uL and 0.30 pL solutions. 4xobjective were used for
that of other RLD. ND25 neutral density filter was used for all droplets

In conclusion, we successfully developed a simple method to measure fmol to amol
amount of fluorescein by imaging its RLD formed by spotting a nanoliter to microliter
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droplet. Sincethis method is based on the solid deposition where preconcentration of the
analyte was made prior to analysis, much lower matrix effect than those in agueous
medium can be reached and higher sensitivity can be obtained®®. Compared to other
solid support such as thin film substrate including octadecylsilanized silicaand poly (vinyl
chloride) plate”®, the contribution from the background in this RLD method is very small.
In addition, the data acquisition system in the RLD method is greatly different from
traditional analytical signals in spot analysis which are generally taken from the whole
spot even if in the micro-chip array systems*®, since the spot takes the shapes ranging
from solid round'®*8 to square™®. For these reasons, we believe that if the RLD method is
combined with awell integrated mapping, statistical analysis systems or with arobot asthe
spotting engine, image collection, processing, and map construction would become fully
automatical, it will be a effective method for various biochemical and other analysis with
high sengitivity in terms of the wide exsistence of fluorescence analytes.
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