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DEVELOPMENT CHAMBERS FOR THIN
LAYER CHROMATOGRAPHY AND
METHODS OF MAKING AND USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims the benefit of prior-
ity to U.S. Provisional Patent Application Ser. No. 62/751,
972 filed on Oct. 29, 2018 and entitled “DEVELOPMENT
CHAMBERS FOR THIN LAYER CHROMATOGRAPHY
AND METHODS FOR MAKING AND USING THE
SAME,” the subject matter of which 1s hereby incorporated
by reference 1n 1ts entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to develop-
ment chambers for thin layer chromatography. The present
invention further relates to methods of making and using
development chambers for thin layer chromatography.

BACKGROUND OF THE INVENTION

[0003] Chromatography was first used 1n Russia by the
Italian-born scientist Mikhail Tsvet 1n 1903. The mid-20th
century saw an explosion of research in new chromato-
graphic techniques, particularly thanks to the work of Archer
John Porter Martin and Richard Laurence Millington Synge.
Martin and Synge developed partition chromatography to
separate chemicals with only slight differences in partition
coellicients between two liquid solvents.

[0004] The first reported use of a thin layer was 1n 1938 by
two Russian scientists, N. A. Izmailov and M. S. Schreiber.
They separated plant extracts on a slurried adsorption
medium spread to a 2-mm-thick layer by spotting an alco-
holic plant extract in the center of the layer and observing
rings as the solution spread. This work was reviewed 1n 1941
by M. O’L Crowe, who reported that he and his colleagues
had been using a thin layer of adsorbent 1n a petri dish and
had achieved similar results. The fledgling technique was
then improved by the addition of binders to the sorbents.
This was first reported in Analytical Chemistry by J. E.
Meinhard and N. F. Hall in 1949.

[0005] At about the same time, J. G. Kirchner and his
colleagues at the U.S. Department of Agriculture were
working to determine the chemistry of orange and grapefruit
flavors. One day, when one of Kirchner’s colleagues was
frustrated about a diflicult separation, Kirchner reached
across his desk, picked up the abstract of Meinhard and
Hall’s work, and said, “Iry this”. Kirchner and his team
found that silicic acid bound with amioca starch created a
satisfactory layer for TLC. He continued his work with
sorbent layers on glass plates and developed TLC essentially
as we know 1t today. Kirchner also observed that in order to
obtain reproducible results, conditions had to be standard-
1zed.

[0006] TLC soon grew in popularity, while further
advances continued. Instrumentation was developed to per-
mit more precise spotting of samples onto plates and quan-
titative evaluation of the separated spots. Improvements in
the technique 1tself resulted in higher separation power and
faster analysis. To emphasize the sigmificant change 1n
performance, the improved TLC was named “high-perfor-
mance thin-layer chromatography” (HPTLC) by R. E. Kai-
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ser, who was instrumental in 1ts development. The main
difference between conventional and high-performance TLC
was 1n the particle size and range of the adsorbent.

[0007] Another major breakthrough came 1n the 1960s
when convenient pre-coated plates became commercially
available. Perhaps more than any other scientist, Egon Stahl
advanced the technique of thin-layer chromatography. In
1958, the “silica gel plates according to Stahl for TLC” were
manufactured by Merck KGaA, Darmstadt, Germany. By
1962 so many papers had been published about the method
that Stahl edited the first laboratory handbook on TLC. In the
mid-1960s, the first instruments were developed for scan-
ning densitometry using absorbance or fluorescence mea-
surements 1n the reflectance or transmission mode. The
commercial production of HPTLC plates 1n the mid-1970s
provided further impetus for improvements in practice and
instrumentation.

[0008] This layer chromatography (TLC) consists of sev-
eral elements including (1) a thin layer plate comprising
adsorbent (e.g., Silica, Alumina, Polyamide, and other mate-
rials)(also referred to as “the stationary phase” on a support
(e.g., Glass, Aluminum, Plastic (polyester)), (2) a develop-
ment chamber with 1id and chamber body, (3) a development
liquid (also called “the mobile phase”), and (4) a sample
(applied to the TLC plate approximately 1 c¢cm from the
bottom). An exemplary TLC system 1s shown 1n FIG. 1.
[0009] As shown in FIG. 1, a typical TLC system 10
comprises: a thin layer plate 11 comprising adsorbent 12
(e.g., Silica, Alumina, Polyamide, and other materials)(also
referred to as “the stationary phase” on a support 13 (e.g.,
Glass, Aluminum, Plastic (polyester)), positioned within a
development chamber 14 with lid 15 and chamber body 16,
and a development liquid 17 (also called “the mobile phase™
or “solvent”) within a reservoir 18 of the development
chamber 14. The TLC system 10 also comprises a sample

19, applied onto the TLC plate 11 approximately 1 cm from
a bottom 111 of the TLC plate 11.

[0010] The process steps for performing TLC are as fol-
lows:
[0011] 1. A sample 1s applied to the adsorbent layer (i.e.,

the stationary phase) on the TLC plate approximately 1 cm
from the bottom.

[0012] 2. The mobile phase (e.g., solvent) 1s added to the

bottom of the development chamber forming a reservoir
such that the depth of the reservoir 1s approximately 0.6 cm.

[0013] 3. The plate 1s placed in the development chamber.
[0014] 4. The lid (top) of the development chamber 1is
added.

[0015] 5. The mobile phase (e.g., solvent) 1s drawn up

from the reservoir through the adsorbent (1.e., the stationary
phase).

[0016] 6. When the solvent front 1s near the top of the
plate, the TLC plate 1s removed from the development
chamber.

[0017] 7. The TLC plate 1s dried out and the separation
visualized by one of several available methods.

[0018] 8. Once the separation 1s visualized, the R, (retar-
dation factor) of all the substances can be calculated and
compared with previous separations.

[0019] At Step 6, the plate must be removed from the
chamber before the solvent front reaches the top. If the
solvent front runs over, then the R, values are not compa-
rable to previous runs. Due to evaporation of solvent from
the plate, the solvent and the different substances in the
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solvent keep moving towards the top, which changes the R,
values relative to the origin. This means, that the worker
must stay 1n front of the developing plate and not leave such
that the plate can be pulled out at the right time.

[0020] FIGS. 2-3 show known development chambers 14.
As shown 1n FIGS. 2-3, TLC plates 11 are positioned so that
bottom 111 of each TLC plate 11 extends along a bottom
surface 21 of each of the development chambers 14 and
leans against an inner wall surface 22 within development

liquid/solvent 17. See, 1n particular, FIG. 3.

[0021] Known development chambers require a minimum
amount of mobile phase volume i order to eflectively
perform TLC. Important quantities to consider for TLC
include

[0022] (1) the density of silica gel on a TLC plate 1s
0.5+£0.1 g/cc.
[0023] (2) common silica gel plate thickness 1s 0.200 or

0.250 mm (200 um to 250 um).
[0024]

[0025] (4) the mterstitial volume for silica gel 1s ~40% of
the volume occupied by the silica gel.

[0026] (5) evaporation volume 1s an experimentally deter-
mined value for TLC and 1s usually about 153% of the
volume that fills the silica gel on the plate.

[0027] Typically, known TLC plates come in two sizes: (1)
a large version having a length of 20 cm, a width of 20 cm,
and a silica layer height (thickness) of 0.025 ¢cm, and (2) a
smaller version having a length of 7.5 cm, a width of 2.5 cm,
and a height of 0.025 cm. Calculations of the volume of
solvent needed for each of the TLC plates are shown 1n the

Table below.

(3) the pore volume for silica gel 1s 1.0+£0.1 ml/g.

Calculations of the Volume Requirement of
Different Sizes of TLC Plates

10028]

Large Small

TLC TLC

Plate Plate
Length cm 20 20 10 7.5
Width cm 20 10 5 2.5
Height cm 0.025 0.025 0.025 0.025
Volume of Adsorbent cC 10.00 5.00 1.25 0.47
Silica Gel Density g/cc 0.5 0.5 0.5 0.5
Weight of Silica cC 5.00 2.50 0.63 0.23
Pore Volume CC 5.00 2.50 0.63 0.23
Interstitial Volume cC 4.00 2.00 0.50 0.19
Total Liquid Volume cC 9.00 4.50 1.13  0.42
Evaporation Volume cC 1.35 0.68 0.17 0.06
Total Mobile Phase Volume  cc 10.35 5.18 1.29 0.49

Required for development

[0029] From the calculations above, the amount of solvent
needed for use with known TLC plates 1s significantly less
than the reservoirs (i.e., the volume of reservoirs) of known
development chambers. For a small plate, 2.5 cmx7.5 cm,
approximately 0.5 ml of solvent 1s required—yet the solvent
reservoir of known TLC development chambers for use with
small TLC plates contains 12 ml of solvent—approximately
25 times that which 1s needed. For a large plate, approxi-
mately 10 ml of solvent 1s required yet the solvent reservoir
contains about 120 ml of solvent—approximately 12 times
that which 1s needed.

Apr. 30, 2020

[0030] There 1s a need in the art for improved TLC
development chambers that utilize less solvent compared to
known TLC development chambers.

SUMMARY OF THE INVENTION

[0031] The present invention 1s directed to new TLC
development chambers that utilize a minimal amount of
solvent during a TLC procedure. The disclosed TLC devel-
opment chambers provide a relative small solvent reservoir,
while enabling unobstructed absorption of solvent along a

TLC plate.

[0032] In some embodiments of the present invention, the
development chamber comprises a chamber base member
having a base member upper surface, wherein the base
member upper surface of the chamber base member com-
prises a well extending below the base member upper
surface, the well having (a) well dimensions that (1) enable
a bottom end of a thin layer chromatography (TLC) plate to
be positioned therein, and (11) house at leak a portion of a
mobile phase/solvent when 1nputted 1nto the well, and (b) a
maximum well cross-sectional area W ,, that 1s less than 80%
of a maximum 1nterior cross-sectional area of a chamber
body extending substantially parallel with an open end of the
chamber body, the chamber body sized to extend above the
chamber base member such that one or more inner wall
surfaces of the chamber body and the base member upper
surface of the chamber base member at least partially
surround a chamber volume of the development chamber
when used 1n combination. The well may have a maximum
well cross-sectional area W, that 1s less than 80% (or any
value less than 80%, including 80%, 1n increments of 0.1%,
for example, less than 10.2%, or any range of values less
than 80%, including 80%, in increments of 0.1%, for
example, from about 1.04% to about 20.9%) of a maximum
interior cross-sectional area of a chamber body extending
substantially parallel with an open end of the chamber body,
the chamber body sized to extend above the chamber base
member such that one or more inner wall surfaces of the
chamber body and the base member upper surface of the
chamber base member at least partially surround a chamber
volume of the development chamber when used 1n combi-
nation.

[0033] In other embodiments of the present invention, the
development chamber comprises a chamber base member
having a base member upper surface; and a chamber body
that extends above the chamber base member such that one
or more inner wall surfaces of the chamber body and the
base member upper surface of the chamber base member at
least partially surround a chamber volume of the develop-
ment chamber, wherein the base member upper surface of
the chamber base member comprises a well extending below
and 1nto the base member upper surface, the well having (a)
well dimensions that (1) enable a bottom end of a thin layer
chromatography (TLC) plate to be positioned therein, and
(1) house at least a portion of a mobile phase/solvent when
inputted into the well, and (b) a maximum well cross-
sectional area W, that 1s less than 80% of a maximum
interior cross-sectional area of the chamber body at an open
end of the chamber body.

[0034] In other embodiments of the present invention, the
development chamber comprises a chamber base member
having a base member upper surface; and a chamber body
that extends above the chamber base member such that one
or more mner wall surfaces of the chamber body and the
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base member upper surface of the chamber base member at
least partially surround a chamber volume of the develop-
ment chamber, wherein the base member upper surface of
the chamber base member comprises a well extending below
and 1nto the base member upper surface, the well having (a)
well dimensions that (1) enable a bottom end of a thin layer
chromatography (TLC) plate to be positioned therein, and
(1) house at least a portion of a mobile phase/solvent when
inputted into the well, and (b) a well volume W - of less than
10.0 cubic centimeters (cc). The well may have a well
volume W . of less than 10.0 cc (or any value less than 10.0
cc, including 10.0 cc, 1n increments of 0.1 cc, for example,
less than 4.8 cc, or any range of values less than 10.0 cc,
including 10.0 cc, 1n increments of 0.1 cc, for example, from
about 3.4 cc to about 6.0 cc).

[0035] The present invention 1s further directed to meth-
ods of making the new TLC development chambers. In some
embodiments, the method of making a TLC development
chamber comprises forming a chamber base member having
a base member upper surface, wherein the base member
upper surface of the chamber base member comprises a well
extending below the base member upper surface, the well
having well dimensions that (1) enable a bottom end of a
TLC plate to be positioned therein, and (11) house at least a
portion of a mobile phase/solvent when inputted into the
well. Methods of making the new TLC development cham-
bers of the present invention may further comprise a number
of additional steps including, but not limited to, forming a
chamber body that extends above the chamber base member
such that one or more mner wall surfaces of the chamber
body and the base member upper surface of the chamber
base member at least partially surround (or 1n some embodi-

ments, completely surrounds) a chamber volume of the
development chamber.

[0036] The present invention 1s even further directed to
methods of using the new TLC development chambers. In
some embodiments, the method of using a TLC develop-
ment chamber comprises positioning a thin layer chroma-
tography (TLC) plate within a well of a chamber base
member so that the TLC plate extends upward and out of the
well, the well extending below a base member upper sur-
face, and having well dimensions that (1) enable a bottom
end of a TLC plate to be positioned therein, and (11) house
at least a portion of a mobile phase/solvent when inputted
into the well. Methods of using the new TLC development
chambers of the present invention may further comprise a
number of additional steps including, but not limited to,
inputting a solvent into the well of the chamber base
member; and positioning a chamber body over the chamber
base member and the TLC plate so that one or more inner
wall surfaces of the chamber body and the base member
upper surface of the chamber base member at least partially
surround a chamber volume of the development chamber
and the TLC plate positioned within the development cham-
ber. The disclosed methods of using the new TLC develop-
ment chambers provide a cost-eflective and environmentally
friendly method of performing a TLC procedure while
minimizing waste solvent.

[0037] These and other features and advantages of the
present invention will become apparent after a review of the
following detailed description of the disclosed embodiments
and the appended claims.
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BRIEF DESCRIPTION OF THE FIGURES

[0038] The present invention 1s further described with
reference to the appended figure, wherein:

[0039] FIG. 1 (prior art) depicts a known development
chamber system suitable for use in a thin layer chromatog-
raphy process;

[0040] FIG. 2 (prior art) depicts a known, large develop-
ment chamber 2 cmx20 c¢cm) used 1n a thin layer chroma-
tography process;

[0041] FIG. 3 (prior art) depicts a known, small develop-
ment chamber (5 cmx9 cm) used 1n a thin layer chroma-
tography process;

[0042] FIGS. 4A-4F depict various views of an exemplary
development chamber assembly of the present invention;

[0043] FIG. 5 depicts an exemplary base member of the
exemplary development chamber assembly shown 1n FIGS.
4A-4F;

[0044] FIGS. 6 A-6D various views of an exemplary well

within the exemplary base member shown in FIG. 5;
[0045] FIG. 7 depicts another exemplary development
chamber assembly of the present invention;

[0046] FIG. 8 depicts an exemplary base member of the
exemplary development chamber assembly shown 1n FIG. 7;
[0047] FIG. 9 depicts exemplary base members positioned
within the exemplary development chamber assembly
shown 1n FIG. 7;

[0048] FIG. 10 depicts another exemplary development
chamber assembly of the present invention; and

[0049] FIG. 11 depicts an exemplary base member of the
exemplary development chamber assembly shown in FIG.
10.
DETAILED DESCRIPTION OF THE
INVENTION
[0050] The present invention 1s directed to development

chambers for thin layer chromatography that utilize a
reduced amount of solvent. The present invention 1s further
directed to methods of making and using development
chambers for thin layer chromatography that utilize a
reduced amount of solvent.

I. Development Chambers for Thin Layer
Chromatography

[0051] The present invention 1s directed to development
chambers for thin layer chromatography that utilize a
reduced amount of solvent. Exemplary development cham-
ber assemblies and assembly components of the present
invention are shown in FIGS. 4A-9. As shown in FIGS.
4A-6D, a first exemplary development chamber 14 com-
prises: (I) a chamber base member 30 having a base member
upper surface 21; and (II) a chamber body 16 that extends
above chamber base member 30 such that (1) one or more
inner wall surfaces 22 of chamber body 16 and (i11) base
member upper surface 21 of chamber base member 30 at
least partially surround a chamber volume 25 of the devel-
opment chamber 14. As shown i FIGS. 4B-6D, base
member upper surface 21 of chamber base member 30
comprises a well 23 extending below and 1nto base member
upper surface 21. Well 23 has (a) well dimensions that (1)
enable a bottom end 111 of a thin layer chromatography
(TLC) plate 11 to be positioned therein, and (11) house at
least a portion (or all) of a mobile phase/solvent 17 (1.e., used
during a TLC procedure) when mputted into well 23, and (b)
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a maximum well cross-sectional area W , that 1s less than
80% of a maximum interior cross-sectional area of chamber

body 16 extending substantially parallel with an open end
124 of chamber body 16.

[0052] As used herein, the phrase “a base member upper
surface 217 1s used to 1dentity all surface portions of base
member 30 that surround well 23. As shown, for example,
in exemplary base member 30 shown in FIG. 5, base
member upper surface 21 completely surrounds well 23 and
a majority of the total surface area of base member upper
surface 21 1s within a hornzontally-extending plane.
Although exemplary base member 30 shown in FIG. 5 has
a rim 39 extending around the outer perimeter of exemplary
base member 30, upper surface portions along rim 39
contribute little to the overall surface area of base member
upper surface 21.

[0053] In other embodiments shown 1n FIGS. 7-9, exem-
plary base member 30 has a base member upper surface 21
that completely surrounds well 23 and a majority of the total
surface area of base member upper surface 21 extends along
opposite sides of well 23. These base member upper surface
portions 21' and 21" are not within a single horizontally-
extending plane (although they could be), but instead are
within two separate horizontally-extending planes, each of

which independently forms an acute angle with an upper
edge 213 of well 23.

[0054] As discussed herein, well 23 may have a maximum
well cross-sectional area W , that 1s less than 80% (or any
value less than 80%, including 80%, in increments of 0.1%,
for example, less than 10.2%, or any range of values less
than 80%, including 80%, in increments of 0.1%, for
example, from about 10.4% to about 20.9%) of a maximum
interior cross-sectional area of chamber body 16 extending
substantially parallel with an open end 124 of chamber body
16. For example, see open end 124 of exemplary chamber
body 16 shown 1n FIG. 4D or see open end 124 of exemplary
chamber body 16 shown in FIG. 9.

[0055] 'Typically, well 23 will comprise two or more well
walls that bound a well volume W, In addition, typically,
well 23 will comprises one or more well walls that extend
into and at a 90° angle to chamber base upper surface 21. As
shown 1 FIGS. 4B-6D, exemplary well 23 comprises (1) a
rear well wall 231 extending along a well length W, (11) a
front well wall 232 extending along the well length W,
opposite the rear well wall 231, (111) opposing side well walls
233/234 extending between rear well wall 231 and front well
wall 232 (and at a 90° angle to chamber base upper surface
21), (1v) a bottom well wall 235 extending outward from rear
well wall 231 towards front well wall 232, and (v) a front
well wall extension 236 extending along the well length W,
opposite rear well wall 231 and downward from front well
wall 232 (and at a 90° angle to chamber base upper surface
21) so as to intersect with bottom well wall 235.

[0056] The development chamber assemblies 14 and
assembly components 16/30 of the present invention, with
well 23, enable thin layer chromatography (TLC) proce-
dures to be performed while utilizing a minimum amount of
solvent 17. As discussed herein, the development chamber
assemblies 14 and assembly components 16/30 of the pres-
ent invention, with well 23, enable thin layer chromatogra-
phy (TLC) procedures to be performed while utilizing less
than about 10 milliliters (ml) (or any value less than 10.0 ml,
including 10.0 ml, in increments of 0.1 ml, for example, less
than 2.8 ml, or any range of values less than 10.0 ml,
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including 10.0 ml, in increments of 0.1 ml, for example,
from about 0.4 ml to about 3.0 ml) of solvent 17 (i.e., to at
least partially fill well 23 of the chamber base member 30).
In many cases, the development chamber assemblies 14 and
assembly components 16/30 of the present invention, with
well 23, enable thin layer chromatography (TLC) proce-
dures to be performed while utilizing utilizes less than about
5.0 ml (or any value less than 5.0 ml, including 5.0 ml, in
increments of 0.1 ml, for example, less than 2.6 ml, or any
range ol values less than 5.0 ml, including 5.0 ml, in
increments of 0.1 ml, for example, from about 0.5 ml to
about 1.0 ml) of solvent 17 for a thin layer chromatography
(TLC) procedure (1.e., to at least partially fill well 23 of the
chamber base member 30).

II. Methods of Making Development Chambers for
Thin Layer Chromatography

[0057] The present invention 1s also directed to methods of
making development chambers and development chamber
components for thin layer chromatography (TLC) proce-
dures. The methods of making development chambers and
development chamber components for thin layer chroma-
tography (TLC) procedures comprise methods of making
any of the herein-described development chambers 14 (or
any components therein, e.g., the chamber base member 30,
chamber body 16, etc.).

[0058] The methods of making development chamber
components may comprise: forming a chamber base mem-
ber 30 having base member upper surface 21, wherein the
base member upper surface 21 of the chamber base member
30 comprises a well 23 extending below and into the base
member upper surface 21, the well 23 having well dimen-
sions that (1) enable a bottom end 111 of a thin layer
chromatography (TLC) plate 11 to be positioned therein, and
(11) house at least a portion of (or all of) a mobile phase/
solvent 17 (1.e., used during a TLC procedure) when input-
ted 1nto the well. Methods of making development chamber
components may further comprise: forming a chamber body
16 that extends above the chamber base member 30 such that
one or more mner wall surfaces 22 of the chamber body 16
and the base member upper surface 21 of the chamber base
member 30 at least partially surround a chamber volume 235
of the development chamber 14.

[0059] Any of the herein described development chambers
14 (or any components therein, e.g., the chamber base
member 30, chamber body 16, etc.) may be formed using
conventional techniques including, but not limited to, a
molding step, a 3D-printing step, a machining step, a fin-
1shing step (e.g., applying protective coating), or any com-
bination thereof.

III. Methods of Using Development Chambers for
Thin Layer Chromatography

[0060] The present invention 1s also directed to methods of
using development chambers for thin layer chromatography,
wherein a reduced amount of solvent 1s used. The methods
of using development chambers for thin layer chromatog-
raphy of the present invention may comprise using any of
the herein described development chambers 14, wherein the
method comprises: positioning a thin layer chromatography
(TLC) plate 11 within a well 23 of a chamber base member
30 so that the TLC plate 11 extends upward and out of the
well 23. The methods of using development chambers for
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thin layer chromatography of the present invention may
turther comprise one or more of the following steps: mnput-
ting a solvent 17 into the well 23 of the chamber base
member 30; positioning a chamber body 16 over the cham-
ber base member 30 and the TLC plate 11 so that one or
more 1mnner wall surfaces 22 of the chamber body 16 and the
base member upper surface 21 of the chamber base member
30 at least partially surround a chamber volume 25 of the
development chamber 14 and the TLC plate 11 positioned
within the development chamber 14; aligning one or more
positioning elements 26 along a lower base member surface
29 of the chamber base member 30 with one or more
corresponding positioning elements 36 positioned along an
upper mner surface 224 of said chamber body 16; lowering
the chamber base member 30 onto the one or more corre-
sponding positioning elements 36; placing a chamber l1d 15
onto an upper edge 151 of the chamber body 16 so as to
enclose the chamber volume 25 within the TLC plate 11
therein; or any combination thereof.

[0061] The methods of using development chambers for
thin layer chromatography of the present invention typically
utilize less than about 10 milliliters (ml) of solvent 17 for a
thin layer chromatography (TLC) procedure (1.e., to at least
partially fill, or completely fill, well 23 of the chamber base
member 30). As discussed herein, in some embodiments, the
methods of using development chambers for thin layer
chromatography of the present invention utilize less than
about 5.0 ml of solvent 17 for a thin layer chromatography
(TLC) procedure (1.e., to at least partially fill well 23 of the
chamber base member 30).

[0062] The present invention will be further described 1n
the following additional embodiments, examples, and
claims.

Additional Embodiments

Development Chambers for Thin Layer
Chromatography

[0063] 1. A development chamber 14 comprising: a cham-
ber base member 30 having a base member upper surtace 21;
and a chamber body 16 that extends above said chamber
base member 30 such that one or more inner wall surfaces
22 of said chamber body 16 and said base member upper
surface 21 of said chamber base member 30 at least partially
surround a chamber volume 25 of said development cham-
ber 14, wherein said base member upper surface 21 of said
chamber base member 30 comprises a well 23 extending
below and 1nto said base member upper surface 21, said well
23 having (a) well dimensions that (1) enable a bottom end
111 of a thin layer chromatography (TLC) plate 11 to be
positioned therein, and (1) house at least a portion of a
mobile phase/solvent 17 when iputted into said well 23,
and (b) a maximum well cross-sectional area W , that 1s less
than 80% of a maximum interior cross-sectional area of said
chamber body 16 extending substantially parallel with an
open end 124 of said chamber body 16. Well 23 may have
a maximum well cross-sectional area W , that 1s less than
80% (or any value less than 80%, including 80%, 1n incre-
ments of 0.1%, for example, less than 10.2%, or any range
of values less than 80%, including 80%, in increments of
0.1%, for example, from about 10.4% to about 20.9%) of a
maximum interior cross-sectional area of said chamber body
16 extending substantially parallel with an open end 124 of

said chamber body 16.
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2. A development chamber 14 comprising: a chamber base
member 30 having a base member upper surface 21; and a
chamber body 16 that extends above said chamber base
member 30 such that one or more inner wall surfaces 22 of
said chamber body 16 and said base member upper surface
21 of said chamber base member 30 at least partially
surround a chamber volume 25 of said development cham-
ber 14, wherein said base member upper surface 21 of said
chamber base member 30 comprises a well 23 extending
below and into said base member upper surface 21, said well
23 having (a) well dimensions that (1) enable a bottom end
111 of a thin layer chromatography (TLC) plate 11 to be
positioned therein, and (1) house at least a portion of a
mobile phase/solvent 17 when mputted into said well 23,
and (b) a well volume W ;- of less than 10.0 cubic centimeters
(cc). Well 23 may have a well volume W, of less than 10.0
cc (or any value less than 10.0 cc, including 10.0 cc, 1n
increments of 0.1 cc, for example, less than 4.8 cc, or any
range of values less than 10.0 cc, including 10.0 cc, n

increments o1 0.1 cc, for example, from about 3.4 cc to about
6.0 cc).

3. A development chamber 14 comprising: a chamber base
member 30 having a base member upper surface 21, wherein
said base member upper surface 21 of said chamber base
member 30 comprises a well 23 extending below said base
member upper surface 21, said well 23 having (a) well
dimensions that (1) enable a bottom end 111 of a thin layer
chromatography (TLC) plate 11 to be positioned therein, and
(11) house at least a portion of a mobile phase/solvent 17
when 1nputted into said well 23, and (b) a maximum well
cross-sectional area W , that 1s less than 80% of a maximum
interior cross-sectional area of a chamber body 16 at an open
end of a chamber body, the chamber body sized to extend
above the chamber base member such that one or more inner
wall surfaces of the chamber body and the base member
upper surface of the chamber base member at least partially
surround a chamber volume of the development chamber
when used 1n combination. As discussed above, well 23 may
have a maximum well cross-sectional area W , that 1s less
than 80% (or any value less than 80%, including 80%, in
increments of 0.1%, for example, less than 10.2%, or any
range of values less than 80%, including 80%, 1n increments
of 0.1%, for example, from about 10.4% to about 20.9%) of
a maximum interior cross-sectional area of said chamber
body 16 extending substantially parallel with (1) said maxi-
mum well cross-sectional area W , and (11) said base member
upper surface 21.

4. The development chamber 14 of embodiment 1 or 2,
wherein said one or more mnner wall surfaces 22 of said
chamber body 16 and said base member upper surface 21 of
saild chamber base member 30 completely surround said
chamber volume 25 of said development chamber 14 except
for one or more possible (1.e., optional) vent holes 141

extending through chamber body 16. See, for example,
FIGS. 4A and 4C.

5. The development chamber 14 of embodiment 3, further
comprising: a chamber body 16 that extends above said
chamber base member 30 such that one or more 1nner wall
surfaces 22 of said chamber body 16 and said base member
upper surtace 21 of said chamber base member 30 at least
partially surround a chamber volume 25 of said. develop-
ment chamber 14.

6. The development chamber 14 of embodiment 5, wherein
said chamber body 16 also extends below at least a portion
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of (or all of) said chamber base member 30 such that said
chamber base member 30 1s positioned along a lower 1inner
surface 24 of said chamber body 16. See, for example,
exemplary development chamber 14 shown i FIG. 7,
wherein chamber base member 30 1s positioned within a
conventional chamber body 16, and the footprint of chamber
base member 30 1s much smaller than the area encompassed
by the conventional chamber body 16, resulting 1n upper
inner surface 224 within chamber body 16 and at least
partially surrounding chamber base member 30 positioned
within the conventional chamber body 16. In other embodi-
ments, as shown 1n FIGS. 4A-4F, chamber body 16 extends
below at least an upper portion of said chamber base
member 30 such that said chamber base member 30 1s

positioned along a lower outer surface 241 of said chamber
body 16.

7. The development chamber 14 of embodiment 6, further
comprising: a chamber lid 15, wherein said one or more
inner wall surfaces 22 of said chamber body 16, an upper
inner surface 224 of said chamber body 16, said base
member upper surface 21 of said chamber base member 30,
and said chamber lid 15 surround the chamber volume 25 of
said development chamber 14. See, for example, FIG. 9.

8. The development chamber 14 of any one of embodiments
3 and 5 to 7, wherein said chamber base member 30 further
comprises one or more positioning elements 26 along a
lower base member surface 29 of said chamber base member
30, said one or more positioning elements 26 being engage-
able with one or more corresponding positioning elements

36 positioned along an upper inner surface 224 of said
chamber body 16. See, for example, FIGS. 7-9.

9. The development chamber 14 of embodiment 8, wherein
said one or more positioning elements 26 comprise a chan-

nel 26' extending along lower surface 29 of said chamber
body 16. See again, FIGS. 7-9.

10. The development chamber 14 of embodiment 9, wherein
sald one or more corresponding positioning elements 36
comprise a bumper 28 positioned along upper inner surface
224 of said chamber body 16, said bumper 28 being sized to

fit within channel 26' of said chamber body 16. See again,
FIGS. 7-9.

11. The development chamber 14 of any one of embodi-
ments 1 to 10, wherein said well 23 has a well length W,
a well width W ;;, and a well depth W ,, with the well length
W, being greater than the well width W .. See, for example,
well dimensions shown 1n FIGS. 6 A-6C.

12. The development chamber 14 of embodiment 11,
wherein said well length W, ranges from about 1.0 centi-
meters (cm) to about 50 cm (or any value between 1.0 cm
and 50 cm, including 1.0 cm and 50 cm, 1n increments o1 0.1
cm, for example, 5.2 cm, or any range of values between 1.0
cm and 50 cm, including 1.0 cm and 350 cm, 1n increments
of 0.1 cm, for example, from about 2.1 cm to about 2.8 cm),
said well width W, ranges from about 0.8 cm to about 20
cm (or any value between 0.8 cm and 20 c¢m, including 0.8
cm and 20 cm, 1n increments of 0.1 cm, for example, 1.2 cm,
or any range of values between 0.8 cm and 20 c¢cm, including
0.8 cm and 20 c¢m, 1n increments of 0.1 c¢cm, for example,
from about 0.8 cm to about 1.8 cm), and said well depth W,
ranges from about 0.5 c¢cm to about 2.0 cm (or any value
between 0.5 cm and 2.0 cm, including 0.5 cm and 2.0 cm,
in increments of 0.1 cm, for example, 0.7 cm, or any range
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of values between 0.5 cm and 2.0 cm, including 0.5 cm and
2.0 cm, 1n increments of 0.1 cm, for example, from about 0.6
cm to about 0.8 cm).

13. The development chamber 14 of embodiment 11 or 12,
wherein said well length W, 1s about 3.2 cm, said well width
W -1s about 1.2 cm, and said well depth W, 1s about 0.7 cm.
14. The development chamber 14 of any one of embodi-
ments 11 to 13, wherein said well 23 has (1) a rear well wall
231 extending along said well length W, (11) a front well
wall 232 extending along said well length W, opposite said
rear well wall 231, (111) opposing side well walls 233/234
extending between said a rear well wall 231 and said front
well wall 232, (iv) a bottom well wall 235 extending
outward from said rear well wall 231 towards said front well
wall 232, and (v) a front well wall extension 236 extending
along said well length opposite said rear well wall 231 and
downward from said front well wall 232 so as to intersect
with said bottom well wall 235. See again, well 23 shown 1n
FIGS. 4B-4F and 6 A-6C.

15. The development chamber 14 of embodiment 14,
wherein said rear well wall 231 1s angularly configured
relative to vertically extending line 238 (shown 1n FIG. 6B),
forming an angle A with said a vertically extending line 238
with angle A being less than about 20° (or any value less
than about 20°, including 20°, 1n increments of 0.1°, for
example, 8.1°, or any range of values less than about 20°,
including 20°, 1n increments of 0.1°, for example, from
about 4.8° to about 10.4°. See, FIG. 6C.

16. The development chamber 14 of embodiment 15,
wherein said angle A ranges from about 6.0 to about 12.0°
(or any value between about 6.0° and 12.0°, including 6.0°
and 12.0°, 1n increments of 0.1°, for example, 8.3°, or any
range of values between about 6.0° and 12.0°, including 6.0°
and 12.0° 1n increments of 0.1°, for example, from about
7.8° to about 9.0°).

17. The development chamber 14 of embodiment 5 or 16,
wherein said angle A 1s about 8.1°.

18. The development chamber 14 of any one of embodi-
ments 14 to 17, wherein said front well wall 232 1s angularly
configured relative to a horizontally extending line 239
(shown 1n FIG. 6C), forming an angle B with said horizon-
tally extending line 239 with angle B being greater than
about 15° (or any value greater than about 15°, including
15°, 1n increments of 0.1°, for example, 32.1°, or any range
of values greater than about 15°, including 15°, 1n 1incre-
ments of 0.1°, for example, from about 18.3° to about 33.2).
See, FIG. 6C.

19. The development chamber 14 of embodiment 18,
wherein said angle B ranges from about 20.0° to about 45.0°
(or any value between 20.0° and 45.0° including 20.0° and
45.0°, 1n 1ncrements of 0.1°, for example, 22.1°, or any range
of values between 20.0° and 45.0° including 20.0° and
45.0°, 1n increments of 0.1°, for example, from about 30.3°
to about 35.2).

20. The development chamber 14 of embodiment 18 or 19,
wherein said angle B 1s about 33.7°.

21. The development chamber 14 of any one of embodi-
ments 14 to 20, wherein said bottom well wall 235 has a

bottom well wall width B, that 1s greater than a height H,
of a TLC plate 11. See, FIG. 1 for TLC plate height H,.

22. The development chamber 14 of embodiment 21,
wherein said bottom well wall width B, ranges from about
0.12 cm to about 0.35 cm (or any value between 0.12 cm and
0.35 cm, 1including 0.12 cm and 0.35 cm, 1n increments of
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0.01 cm, for example, 0.24 cm, or any range of values
between 0.12 cm and 0.35 c¢cm, including 0.12 ¢cm and 0.35
cm, 1n increments of 0.01 cm, for example, from about 0.20
cm to about 0.25 cm).

23. The development chamber 14 of any one of embodi-
ments 1 and 3 to 22, wherein said well 23 has a well volume
W, of less than 10 cc (or any value less than 10.0 cc,
including 10.0 cc, 1n increments of 0.1 cc, for example, less
than 4.6 cc, or any range of values less than 10.0 cc,
including 10.0 cc, 1n increments of 0.1 cc, for example, from
about 3.4 cc to about 6.0 cc).

24. The development chamber 14 of any one of embodi-
ments 1 and 3 to 23, wherein said well volume W, ranges
from about 0.5 cc to about 8.0 cc (or any value between 0.5
cc and 8.0 cc, including 0.5 cc and 8.0 cc, 1n increments of
0.1 cc, for example, 7.8 cc, or any range of values between
0.5 cc and 8.0 cc, including 0.5 cc and 8.0 cc, 1n increments
of 0.1 cc, for example, from about 0.8 cc to about 4.1 cc).

25. The development chamber 14 of any one of embodi-
ments 1 and 3 to 24, wherein said well volume W . ranges
from about 1.0 cc to about 5.0 cc.

26. The development chamber 14 of embodiment 2, wherein
said well 23 has a maximum well cross-sectional area W
that 1s less than 80% (or any value less than 80%, including
80%, 1n increments of 0.1%, for example, about 10.2%, or
any range of Values less than 80%, including 80%, 1n
increments of 0.1%, for example, from about 10.4% to about
20.9%) of a maximum well cross-sectional area W , that 1s
less than 80% of a maximum interior cross-sectional area of
said chamber body 16 extending substantially parallel with
an open end 124 of said chamber body 16.

2’7. The development chamber 14 of any one of embodi-
ments 1 and 3 to 26, wherein said maximum well cross-
sectional area W , 1s less than 50% (or any value less than
50%, including 50%, 1n increments of 0.1%, for example,
about 18.2%, or any range of values less than 50%, includ-
ing 50%, in increments of 0.1%, for example, from about
10.4% to about 20.9%) of a maximum 1nterior cross-sec-
tional area of said chamber body 16 extending substantially
parallel with an open end 124 of said chamber body 16.

28. The development chamber 14 of any one of embodi-
ments 1 and 3 to 26, wherein said maximum well cross-
sectional area W , 1s less than 10% (or any value less than
10%, including 10%, 1n increments of 0.1%, for example,
about 3.4%, or any range of values less than 10%, including
10%, 1n increments of 0.1%, for example, from about 2.4%
to about 6.0%) of a maximum interior cross-sectional area of
said chamber body 16 extending substantially parallel with
an open end 124 of said chamber body 16.

29. The development chamber 14 of any one of embodi-
ments 1 to 2 and 4 to 28, wherein said well 23 enables one
or more TLC plates 11 to be supported therein so that each
of the one or more TLC plates 11 does not come 1nto contact

with any of said one or more nner wall surfaces 22 of said
chamber body 16.

30. The development chamber 14 of any one of embodi-
ments 1 to 2, 4 and 11 to 29, wherein said base member
upper surface 21 1s surrounded by an upward-extending base
wall 31, and a lower edge 161 of said chamber body 16 1s
sized and configured to fit within and along said upward-
extending base wall 31 of said chamber base member 30.

31. The development chamber 14 of any one of embodi-
ments 1 to 2, 4 and 11 to 30, wherein said development
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chamber 14 consists of (1) said chamber base member 30
and (2) said chamber body 16.

32. The development chamber 14 of any one of embodi-
ments 3 and 5 to 31, wherein said development chamber 14
consists of (1) said chamber base member 30, (2) said
chamber body 16, and optionally (3) a chamber l1d 15.

33. The development chamber 14 of any one of embodi-
ments 7 to 31, wherein said development chamber 14
consists of (1) said chamber base member 30, (2) said

chamber body 16, and (3) said chamber 11id 15.

34. A thin layer chromatography (TLC) assembly/kit 10
comprising the development chamber 14 of any one of
embodiments 1 to 33.

35. The TLC assembly/kit 10 of embodiment 34, further
comprising one or more TLC plates 11.

36. The TLC assembly/kit 10 of embodiment 34 or 35,
further comprising one or more solvents 17.

3’7. The TLC assembly/kit 10 of any one of embodiments 34
to 36, further comprising one or more absorbent wipes, one
or more plastic bags, or any combination thereof.

Methods of Making Development Chambers for
Thin Layer Chromatography

[0064] 38. A method of making the development chamber
14 of any one of embodiments 1 to 33, said method
comprising: forming the chamber base member 30 having
base member upper surface 21, wherein the base member
upper surface 21 of the chamber base member 30 comprises
a well 23 extending below and into the base member upper
surface 21, the well 23 having well dimensions that (1)
enable a bottom end 111 of a thin layer chromatography
(TLC) plate 11 to be positioned therein, and (11) house at
least a portion of a mobile phase/solvent 17 when 1nputted
into the well 23.

39. The method of embodiment 38, further comprising:
forming a chamber body 16 that extends above the chamber
base member 30 such that one or more inner wall surfaces
22 of the chamber body 16 and the base member upper
surtace 21 of the chamber base member 30 at least partially
surround a chamber volume 25 of the development chamber

14.

Methods of Using Development Chambers for Thin
Layer Chromatography

[0065] 40. Amethod of using the development chamber 14
of any one of embodiments 1 to 33, said method comprising:
positioning a thin layer chromatography (TLC) plate 11
within the well 23 of the chamber base member 30 so that
the TLC plate 11 extends upward and out of the well 23.
41. The method of embodiment 40, further comprising:
inputting a solvent 17 into the well 23 of the chamber base
member 30.

42. The method of embodiment 40 or 41, further comprising:
positioning a chamber body 16 over the chamber base
member 30 and the TLC plate 11 so that one or more inner
wall surfaces 22 of the chamber body 16 and the base
member upper surface 21 of the chamber base member 30 at
least partially surround a chamber volume 25 of the devel-
opment chamber 14 and the TLC plate 11 positioned within
the development chamber 14.

43. The method of embodiment 42, wherein the one or more
inner wall surtaces 22 of the chamber body 16 and the base
member upper surface 21 of the chamber base member 30
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completely surround a chamber volume 25 of the develop-
ment chamber 14 and the TLC plate 11 positioned within the
reduced volume development chamber 14 except for one or
more possible (1.e., optional) vent holes 141 extending
through chamber body 16. See, for example, FIGS. 4A and
4C.

44. The method of any one of embodiments 40 to 42, further
comprising: positioming the chamber base member 30 within
a chamber body 16 so that one or more nner wall surfaces
22 of the chamber body 16 and the base member upper
surface 21 of the chamber base member 30 at least partially
surround a chamber volume 25 of the development chamber
14 and the TLC plate 11 positioned within the development
chamber 14.

45. The method of embodiment 44, wherein said positioning
the chamber base member 30 step comprises: aligning one
or more positioning elements 26 along a lower base member
surtace 29 of the chamber base member 30 with one or more
corresponding positioning elements 36 positioned along an
upper mner surface 224 of said chamber body 16; and
lowering the chamber base member 30 onto the one or more
corresponding positioning elements 36.

46. The method of any one of embodiments 40 to 43, further
comprising: placing a chamber lid 15 onto an upper edge
151 of the chamber body 16 so as to enclose the chamber
volume 25 within the TLC plate 11 therein.

4’7. The method of any one of embodiments 40 to 46,
wherein said method utilizes less than about 10 milliliters
(ml) (or any value less than 10.0 ml, including 10.0 ml, 1n
increments of 0.1 ml, for example, less than 2.8 ml, or any
range of values less than 10.0 ml, including 10.0 ml, in
increments of 0.1 ml, for example, from about 0.4 ml to
about 3.0 ml) of solvent 17 for a thin layer chromatography
(TLC) procedure (1.e., to at least partially fill well 23 of the
chamber base member 30).

48. The method of any one of embodiments 40 to 47,
wherein said method utilizes less than about 5.0 ml (or any
value less than 5.0 ml, including 5.0 ml, 1n increments of 0.1
ml, for example, less than 2.6 ml, or any range of values less
than 5.0 ml, including 5.0 ml, 1n increments of 0.1 ml, for
example, from about 0.5 ml to about 1.0 ml) of solvent 17
for a thin layer chromatography procedure to at least par-
tially fill well 23 of the chamber base member 30).

[0066] The present invention 1s further illustrated by the
following example, which 1s not to be construed 1n any way
as 1mposing limitations upon the scope thereof. On the
contrary, 1t 1s to be clearly understood that resort may be had
to various other embodiments, modifications, and equiva-
lents thereof which, after reading the description herein, may
suggest themselves to those skilled in the art without depart-
ing from the spirit of the present invention and/or the scope
of the appended claims.

EXAMPLE 1

[0067] Development chambers similar to exemplary
development chambers 14 shown in FIGS. 4A-11 were
made and utilized 1n thin layer chromatography processes.
[0068] In addition, 1t should be understood that although
the above-described development chambers and methods
are described as “comprising” one or more components or
steps, the above-described development chambers and meth-
ods may “comprise,” “consists of,” or “consist essentially
of” the above-described development chambers and meth-
ods. Consequently, where the present invention, or a portion

Apr. 30, 2020

thereol, has been described with an open-ended term such as
“comprising,” 1t should be readily understood that (unless
otherwise stated) the description of the present invention, or
the portion thereot, should also be interpreted to describe the
present invention, or a portion thereof, using the terms
“consisting essentially of” or “consisting of” or variations
thereof as discussed below.

[0069] As used herein, the terms “comprises,” “compris-
ing,” “imncludes,” “including,” “has,” “having,” “contains”,
“containing,” “characterized by” or any other varnation
thereol, are intended to encompass a non-exclusive inclu-
s10n, subject to any limitation explicitly indicated otherwise,
of the recited components. For example, a development
chamber and/or method that “comprises” a list of elements
(e.g., components or steps) 1s not necessarily limited to only
those elements (or components or steps), but may include
other elements (or components or steps) not expressly listed

or inherent to the development chamber and/or method.

[0070] As used herein, the transitional phrases “consists
of” and “consisting of” exclude any element, step, or com-
ponent not specified. For example, “consists of” or “con-
sisting of” used in a claim would limit the claim to the
components, materials or method steps specifically recited
in the claim except for impurities ordinarily associated
therewith (1.e., impurities within a given component). When
the phrase “consists of” or “consisting of” appears in a
clause of the body of a claim, rather than immediately
following the preamble, the phrase “consists of” or “con-
sisting of”” limits only the elements (or components or steps)
set forth 1n that clause; other elements (or components) are
not excluded from the claim as a whole.

[0071] As used herein, the transitional phrases “consists
essentially of” and “consisting essentially of” are used to
define a development chamber and/or method that includes
materials, steps, features, components, or elements, 1n addi-
tion to those literally disclosed, provided that these addi-
tional materials, steps, features, components, or elements do
not materially affect the basic and novel characteristic(s) of
the claimed invention. The term “consisting essentially of”
occupies a middle ground between “comprising” and “con-
sisting of”.

[0072] Further, 1t should be understood that the herein-
described development chambers and/or methods may com-
prise, consist essentially of, or consist of any of the herein-
described components, method steps, and/or features, as
shown 1n the figures with or without any feature(s) not
shown 1n the figures. In other words, 1n some embodiments,
the development chambers and/or methods of the present
invention do not have any additional features other than
those shown 1n the figures, and such additional features, not
shown 1n the figures, are specifically excluded from the
development chambers and/or methods. In other embodi-
ments, the development chambers and/or methods of the
present ivention do have one or more additional features
that are not shown 1n the figures.

[0073] The present invention 1s described above and fur-
ther illustrated below by way of claims, which are not to be
construed 1n any way as imposing limitations upon the scope
of the mvention. On the contrary, 1t 1s to be clearly under-
stood that resort may be had to various other embodiments,
modifications, and equivalents thereof which, after reading
the description herein, may suggest themselves to those
skilled 1n the art without departing from the spirit of the
present mnvention and/or the scope of the appended claims.

2?2 &«
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What 1s claimed 1s:
1. A development chamber 14 comprising:

a chamber base member 30 having a base member upper
surface 21; and

a chamber body 16 that extends above said chamber base
member 30 such that one or more 1nner wall surfaces 22
of said chamber body 16 and said base member upper
surface 21 of said chamber base member 30 at least
partially surround a chamber volume 25 of said devel-
opment chamber 14,

wherein said base member upper surface 21 of said
chamber base member 30 comprises a well 23 extend-
ing below and 1nto said base member upper surface 21,
said well 23 having (a) well dimensions that (1) enable
a bottom end 111 of a thin layer chromatography (TLC)
plate 11 to be positioned therein, and (11) house at least
a portion of a mobile phase/solvent 17 when 1nputted
into said well 23, and (b) a maximum well cross-
sectional area W , that 1s less than 80% of a maximum
interior cross-sectional area of said chamber body 16

extending substantially parallel with an open end 124
of said chamber body 16.

2. A development chamber 14 comprising;:

a chamber base member 30 having a base member upper
surface 21; and

a chamber body 16 that extends above said chamber base
member 30 such that one or more 1nner wall surfaces 22
of said chamber body 16 and said base member upper
surtace 21 of said chamber base member 30 at least
partially surround a chamber volume 25 of said devel-
opment chamber 14,

wherein said base member upper surface 21 of said
chamber base member 30 comprises a well 23 extend-
ing below and into said base member upper surface 21,
said well 23 having (a) well dimensions that (1) enable
a bottom end 111 of a thin layer chromatography (TLC)
plate 11 to be positioned therein, and (11) house at least
a portion of a mobile phase/solvent 17 when mputted
into said well 23, and (b) a well volume W . of less than
10.0 cubic centimeters (cc).

3. A development chamber 14 comprising;:

a chamber base member 30 having a base member upper
surface 21, wherein said base member upper surface 21
of said chamber base member 30 comprises a well 23
extending below and into said base member upper
surface 21, said well 23 having (a) well dimensions that
(1) enable a bottom end 111 of a thin layer chromatog-
raphy (TLC) plate 11 to be positioned therein, and (11)
house at least a portion of a mobile phase/solvent 17
when 1nputted 1nto said well 23, and (b) a maximum
well cross-sectional area W , that 1s less than 80% of a
maximum interior cross-sectional area of a chamber
body 16 at an open end of a chamber body, the chamber
body sized to extend above the chamber base member
such that one or more inner wall surfaces of the
chamber body and the base member upper surface of
the chamber base member at least partially surround a
chamber volume of the development chamber when
used in combination.

4. The development chamber 14 of claim 1, wherein said
one or more mner wall surfaces 22 of said chamber body 16
and said base member upper surface 21 of said chamber base
member 30 completely surround said chamber volume 235 of
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said development chamber 14 except for one or more
optional vent holes 141, when present, extending through

chamber body 16.

5. The development chamber 14 of claim 3, further

comprising:

a chamber body 16 that extends above said chamber base
member 30 such that one or more 1nner wall surfaces 22
of said chamber body 16 and said base member upper
surface 21 of said chamber base member 30 at least
partially surround a chamber volume 25 of said devel-
opment chamber 14.

6. The development chamber 14 of claim S, wherein said
chamber body 16 also extends below at least a portion of (or
all of) said chamber base member 30 such that said chamber
base member 30 1s positioned along a lower inner surface 24

of said chamber body 16.

7. The development chamber 14 of claim 6, further

comprising:

a chamber lid 15, wherein said one or more 1nner wall
surfaces 22 of said chamber body 16, an upper inner
surface 224 of said chamber body 16, said base member
upper surface 21 of said chamber base member 30, and
said chamber lid 15 surround the chamber volume 25 of
said development chamber 14.

8. The development chamber 14 of claim 3, wherein said
chamber base member 30 further comprises one or more
positioning elements 26 along a lower base member surface
29 of said chamber base member 30, said one or more
positioning elements 26 being engageable with one or more
corresponding positioning elements 36 positioned along an
upper inner surtace 224 of said chamber body 16.

9. The development chamber 14 of claim 8, wherein said
one or more positioning elements 26 comprise a channel 26’
extending along lower surface 29 of said chamber body 16.

10. The development chamber 14 of claim 9, wherein said
one or more corresponding positioning elements 36 com-
prise a bumper 28 positioned along upper inner surface 224

of said chamber body 16, said bumper 28 being sized to fit
within channel 26' of said chamber body 16.

11. The development chamber 14 of claim 1, wherein said
well 23 has a well length W, , a well width W ., and a well
depth W,,, with the well length W, being greater than the
well width W ; and wherein said well length W, ranges
from about 1.0 centimeters (cm) to about 50 cm, said well
width W, ranges from about 0.8 cm to about 20 cm, and said
well depth W, ranges from about 0.5 cm to about 2.0 cm.

12. The development chamber 14 of claim 11, wherein
said well 23 has (1) a rear well wall 231 extending along said
well length W, , (1) a front well wall 232 extending along
said well length W, opposite said rear well wall 231, (111)
opposing side well walls 233/234 extending between said a
rear well wall 231 and said front well wall 232, (iv) a bottom
well wall 235 extending outward from said rear well wall
231 towards said front well wall 232, and (v) a front well
wall extension 236 extending along said well length W,
opposite said rear well wall 231 and downward from said

front well wall 232 so as to intersect with said bottom well
wall 235.

13. The development chamber 14 of claim 12, wherein
said rear well wall 231 1s angularly configured relative to
vertically extending line 238, forming an angle A with said
a vertically extending line 238 with angle A being less than

about 20°.
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14. The development chamber 14 of claim 13, wherein
said angle A ranges from about 6.0 to about 12.0°.

15. The development chamber 14 of claim 14, wherein
said front well wall 232 1s angularly configured relative to a
horizontally extending line 239, forming an angle B with
said horizontally extending line 239 with angle B being
greater than about 15°.

16. The development chamber 14 of claim 15, wherein
said angle B ranges from about 20.0° to about 45.0°.

17. The development chamber 14 of claim 16, wherein
said bottom well wall 235 has a bottom well wall width B,
that 1s greater than a height H, of a TLC plate 11.

18. The development chamber 14 of claim 17, wherein
said bottom well wall width B ;. ranges from about 0.12 cm
to about 0.35 cm.

19. The development chamber 14 of claim 1, wherein said
well 23 has a well volume W, of less than 10 cc.

20. The development chamber 14 of claim 19, wherein
said well volume W, ranges from about 0.5 cc to about 8.0
CC.

21. The development chamber 14 of claim 1, wherein said
maximum well cross-sectional area W , 1s less than 50% of
a maximum interior cross-sectional area of said chamber
body 16 extending substantially parallel with an open end
124 of said chamber body 16.

22. The development chamber 14 of claim 21, wherein
said maximum well cross-sectional area W , 1s less than 10%
of a maximum interior cross-sectional area of said chamber
body 16 extending substantially parallel with an open end
124 of said chamber body 16.

23. The development chamber 14 of claim 1, wherein said
well 23 enables one or more TLC plates 11 to be supported
therein so that each of the one or more TLC plates 11 does
not come into contact with any of said one or more inner
wall surfaces 22 of said chamber body 16.

24. The development chamber 14 of claim 1, wherein said
base member upper surtace 21 1s surrounded by an upward-
extending base wall 31, and a lower edge 161 of said
chamber body 16 1s sized and configured to fit within and
along said upward-extending base wall 31 of said chamber
base member 30.

25. The development chamber 14 of claim 1, wherein said
development chamber 14 consists of (1) said chamber base

member 30 and (2) said chamber body 16.

26. The development chamber 14 of claim 3, wherein said
development chamber 14 consists of (1) said chamber base
member 30, (2) said chamber body 16, and optionally (3) a
chamber l1d 15.

27. The development chamber 14 of claim 7, wherein said
development chamber 14 consists of (1) said chamber base

member 30, (2) said chamber body 16, and (3) said chamber
lid 15.

28. A thin layer chromatography (TLC) assembly/kit 10

comprising the development chamber 14 of claim 1, and one
or more of: (1) one or more TLC plates 11, (11) one or more
solvents 17, (111) one or more absorbent wipes, (1v) one or
more plastic bags, or any combination of (1) to (1v).
29. A method of making the development chamber 14 of
claim 1, said method comprising;:
forming the chamber base member 30 having base mem-
ber upper surface 21, wherein the base member upper
surface 21 of the chamber base member 30 comprises
a well 23 extending below and into the base member
upper surtace 21, the well 23 having well dimensions
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that (1) enable a bottom end 111 of a thin layer chro-
matography (TLC) plate 11 to be positioned therein,
and (1) house at least a portion of a mobile phase/
solvent 17 when 1nputted into the well 23.

30. The method of claim 29, further comprising;

forming a chamber body 16 that extends above the
chamber base member 30 such that one or more inner
wall surfaces 22 of the chamber body 16 and the base
member upper surface 21 of the chamber base member
30 at least partially surround a chamber volume 25 of
the development chamber 14.

31. A method of using the development chamber 14 of
claim 1, said method comprising;:

positioning a thin layer chromatography (TLC) plate 11
within the well 23 of the chamber base member 30 so
that the TLC plate 11 extends upward and out of the
well 23.

32. The method of claim 40, further comprising one or
more of:

inputting a solvent 17 into the well 23 of the chamber base
member 30; and

positioning a chamber body 16 over the chamber base
member 30 and the TLC plate 11 so that one or more
inner wall surfaces 22 of the chamber body 16 and the
base member upper surface 21 of the chamber base
member 30 at least partially surround a chamber vol-
ume 25 of the development chamber 14 and the TLC
plate 11 positioned within the development chamber
14.

33. The method of claim 32, wherein the one or more
inner wall surtfaces 22 of the chamber body 16 and the base
member upper surface 21 of the chamber base member 30
completely surround a chamber volume 25 of the develop-
ment chamber 14 and the TLC plate 11 positioned within the
reduced volume development chamber 14 except for one or
more optional vent holes 141, when present, extending

through chamber body 16.
34. The method of claim 32, further comprising:

positioning the chamber base member 30 within a cham-
ber body 16 so that one or more inner wall surfaces 22
of the chamber body 16 and the base member upper
surface 21 of the chamber base member 30 at least
partially surround a chamber volume 25 of the devel-
opment chamber 14 and the TLC plate 11 positioned
within the development chamber 14.

35. The method of claim 34, wherein said positioning the
chamber base member 30 step comprises:

aligning one or more positioning elements 26 along a
lower base member surface 29 of the chamber base
member 30 with one or more corresponding position-
ing elements 36 positioned along an upper inner surface

224 of said chamber body 16; and

lowering the chamber base member 30 onto the one or
more corresponding positioning elements 36.

36. The method of claim 32, further comprising;

placing a chamber lid 15 onto an upper edge 151 of the

chamber body 16 so as to enclose the chamber volume
25 within the TLC plate 11 therein.

37. The method of claim 32, wherein said method utilizes
less than about 10 malliliters (ml) of solvent 17 for a thin
layer chromatography (TLC) procedure.
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38. The method of claim 32, wherein said method utilizes
less than about 5.0 ml of solvent 17 for a thin layer
chromatography (TLC) procedure.

e e e e e
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