1 NOVEL | NSTRUMENT FOR MEASUREMENT OF SURFACE TENSI ON
AND VI SCOSI TY OF SOLUTI ONS FI ELD OF THE | NVENTI ON: The
present invention provides a novel instrumnent
(survisneter) capable of neasuring surface tension,

vi scosity and di pole nonent of a given solution and
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measurmg markers is determined, and the dynamic viscosity of the liquid can be
calculated from this via the density difference between the balls and the liquid and an
equipment constant. Another method of determining the rheology of substances is
provided by the rheometer. In this case, a layer of the liquid is placed, and sheared,
between two bodies of defined geometry. Inter alia, the viscosity can be determined
from the response of the liquid to shearing. Examples of conventional geometries are
plate/plate,  plate/tip,  plate/spherical ~ shell or concentric  cylinders.

Disadvantages with all the described methods are that the instruments only operate

serially, the measurements sometimes last a very long time, for example rheometers,

and the measuring instruments need to be cleaned after each measurement.




and the neasuring instrunments need to be cleaned after
each neasurenent 2 The shortcom ngs of the closed

capill ary techni ques have béen that many fluids to be
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One another US Patent US 6,941,797B2 claims to measure viscosity only, which has
reservation for the horizontal use of the capillary as in majority of the cases the
capillary action is permitted against some opposing force so that an effective control
of the pressure is maintained. In general the opposing force is gravitation force, which
for the horizontal capillary action may not be effective for pressure control. And no

effective temperature control is possible with the open systems thus the methods is



for the horizontal capillary action nmay not be
effective for pressure control. And no effective
tenperature control is possfble with the open systens
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effectsyand g?vc erratic data. Further accuracy in grinding/cutting of the grooves is not
maintained. The measurements involve the florescent dye coumarin and irradiated the
sample with UV lamp for contrast that will definitely disrupt the surface and friction

forces. The units are very expensive.

The applicants have found that until now surface tension and viscosity is measured
with separate instruments which process is time consuming and is expensive. Also,

the nature of biological fluids or solutions of great biophysical, physiological and



The applicants have found that until now surface
tension and viscosity is nmeasured wth separate

i nstrunents which process i4 time consunming and is
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measured with + 1x10° Sm™.

DETAIL DESCRIPTION OF FIGURES

The instrument of the invention is shown in figure 1 and 2 and described below.

The instrument is divided into three major parts like (a) the bulbs, (b) capillary limbs,

and (c¢) capillaries.



5 Bul b nunber 8 is reservoir for holding about 20nl of
sol ution but for neasurenents the 15mlL of solution is
taken in this bulb. Approxifately 5cnB volune of it is
left enpty and maintains pressure equilibriumrequired
for sucking and flowi ng of solution. It is connected
to linb nunber 3 and bul b nunber 7. The bul b nunber 7
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g, P 5B fapn bt TR R RsRcs 6o dhe PSSl BF the
bwh. the bul bs during operation and capillary linb 2d
and 4th are attached to bulb ii-Linbers 5 and 6. And
the bulb nunber 9 and they control air pressure

PBRR T 1o SRS o kP S8 e Al s
Jomﬂs} of BSngxdept ubeuiinees 36wah B9j, Haﬁzj Birspragenihd stbaRelr glass
rtical _ or .horizontal placed. The

be, v
JOIDI& ﬁ%ﬁ? Blﬂ"gﬁrét%?ngo‘fﬂﬂe RestErofirihe doint, 3hns0BPers Grénpivo usgeeto block
thé ApPRIGRR ol vk CRRAL BLFILY it SCnPY A &)
lf bgéer on, tO he cS)vvnvvar (ﬁ %#o%v o?m ‘{ru %%n agé %&ﬁlét&%éd o
bulb 8™ and 7™ to control the pressure of the bulbs during operation and capillary limb
2" and 4™ are attached to bulb numbers 5 and 6. And the bulb number 9 and they
control air pressure applied on the overhead of the top ends of capillary limbs for

laminar flow of solution.

The capillaries adjoining bulb numbers 6 and 7, adjoining bulb numbers 9 and 7™ may
be vertical or horizontal placed. The inner diameter of the both is 0.5mm to 1.0 mm.
The U form capillary cancels out the effect of gravitational force on the downward

flow of solution.



DETAI L DESCRI PTI ON OF THE | NVENTI ON: Accordi ngly, the
present invention relates to an instrunment for
determning the viscosity, ésurface tension and dipole
nmonent of |iquids, said instrunent conprising: one or
nore_capillary tube being connected with chanbers/bul bs
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cylindrical, square and rectangular shape. In the said
i nstrument the bul b (5) is connected to bulb (6) for
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Fo a method for determning the viscosity,
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said instrunent, said nethod conprising the steps of
cogyerdti¢ Blehg sol ution (L) of known viscosity value |n
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0.5 mm to 1.5 mm.

In the said instrument the capillary tube (1) is directly connected to atmosphere in
order to maintain pressure inside the bulb (7).

In the said instrument the bulbs are in the spherical, circular, cylindrical, square and
rectangular shape.

In the said instrument the bulb (5) is connected to bulb (6) for stabilizing the flow by

smoothening the pressure change.

A further embodiment of the present invention relates to a method for determining the
viscosity, surface tension and dipole moment of liquids with the said instrument, said

method comprising the steps of:



b) sucking the said solution frombulb (8) through U
formcapillary adjoining bulbs (6) and (7) in order to
collect the solution in bulB (5), while said sucking
is carried out upper end of capillary (4) is kept open

il e upper. end of capillary (2) and (1) are bl ocked
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from bul b unting nunbers of drops in bulb
(7), h) rrgélz%tc)?ﬁglbg@ép (f) to (g) several tinmes for

sol ud)i on @peanveid stgs (Sab\Eevdrb)tihésy and cal cul ating
surface tension with formula 1. Ysoln/Ysolv = 13soly.
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sol vent at desired TKsoln= (Psoln.tsoln /Psolv.tsolv) Dsoly

wherein s, =viscosity of solution, sy~ =viscosity of solvent
tsoln™= flow time for solution, ts,,=flow time for solvent
psolr=_densities of solution, pg,w=densities of solvent

) sucking the solution (a) of known surface tension in bulb (8) through
capillary (2) to bulb (9), while blocking the socket of capillary limb (4)
and (1) by stopper,

g) allowing drop wise flow of solution from bulb (9) and counting
numbers of drops in bulb (7),

h) repeating step (f) to (g) several times for solution as well as solvent (b)
and calculating surface tension with formula

i Ysoln/Ysolv= Dsolv. Psoln/Dsoln Psolv

wherein

Ysoln, Ysolv = surface tension, Dsoly. Dsoln = number of drops for solution

and solvent
Psolv. Psoln =  density of solution and solvent at desired TK
@) obtaining flow time in step (e¢) and number of drops in step (g) for

solution (L) & (V) and calculating the dipole moment with formula

u =4.20141-25.02689¢ +385.378925°



obtaining flowtinme in step (e) and nunber of drops in
step (g) for solution (L) & (V) and cal culating the

di pol e nonment with fornula 8= 4.20141-25. 02689a

+385. 378926 2 8 wherein a is friccohesity a = ao[(t/to
B/t)((n/no)+0.0012(1-wwo))] wherein B/t is kinetic
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the i nnovations keep going on for betterment in
experimental techniques for reducing the consunptions

o g ol .
A%B P{% {nétse'fg ulrn\%lgtﬁ)rélt éro@ FJ eﬂ]?ingﬁrgﬁ]exﬁt gs?xg\q%#ggt q%cei* 8F(actly
messants nthese prdmeeseaithha ahn@ledeoleﬂi@p fakeh dnaban &tsofds&&mﬂ dhd
ener t he bi_al ogi bi ochem cal sol utions and
th%?ﬁ¥ﬁ%ﬂ8§‘%?@mwggg’@ﬁéen3|ve and get spoiled on
exposure for longer period of tinme hence it is
difficult to measure both the properties separately

le SlthllSmdt@S iveds ﬂahmatftdrbatﬂeé onh? d¢in 1t eklesquady durfiree &mdion and

Th | dles .
ViR Rl e St a3t BY ORGP Bk BaE i BitoPsimeein

expbigyntal techbiguad Her @&ﬁlbﬁgoeb Scotbiifiptiindi St MAeORRIAteF@RS! and
steps. Even school and graduate %udents can deal wth

m@tg]@@ls juseq in,jheneg e csfferamosundsragteniyns Inind Huare developed for
.S I t r

acﬁop I stt&%l% grle%eg%hneg%ﬁn td%}/élg}ﬂﬁedt lag%gni??g% ﬂiwge]&er% 81010g1ca1

bicdtearicnl satutions add hmlﬂenisla&r vy egpeissival amloget rmpdsﬁedacsml exposure

R B AT L M A T
T e LS B St e
resdiee suchivgdtes & dhtal(nlhg guclPiath ©ni biclogiselr st @tbnf dor the study of
thé atflem%llelgsm Wl%l 1relﬁlt1mgm operational steps. Even school and graduate
students can deal with type I, it is simplest and handy with minimum sophistication
while type II has certain degree of sophistication meant for high accuracy work like
determination of molecular weights of polymers and critical micellar concentration
[CMC] of surfactants and detergents. The U-capillary between the bulbs 6 and 7 of
the type I (Figure 1) is reduced to straight and an additional U-capillary between the
bulbs 9 and 7 of the survismeter II (fig. 2) is incorporated for nullifying an effect of
gravitational force, g, on dropwise flow. The survismeter I is for introducing the
concept of 2 in 1 as important step towards green chemistry instrumentation but the
type II is fundamentally for ultra accuracy for academic and Research and

Development laboratories with certain degree of sophistication for accurate

determination of molecular weights of polymers and CMC (critical micellar
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survi sneters are very usef ul :
very expensive and get spoiled with time hence survismeters are very useful
techniques to measure both the CMC and intrinsic viscosity in minimum time, efforts
and exposure of the solution. The survismeters do not permit any restriction for
measuring both the properties of Newtonian liquid solutions below their saturation
compositions even it is suitable for very dilute colloidal solutions of nano-molar
compositions. The important condition of the liquid solutions is that they must

respond to viscous flow. However the y and 1 data for 0.0005 to 0.800 mol kg’
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3393 TK (b). Material and nethods: The survisneters
are nmade of borosil glass with sinple glass bl ow ng
units, the bosrosil glass syringe with needle and with
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prescri bed volume of the liquid. The stand keeps the
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operation: The vertical position is nade with the help
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affgttievigcofs ddelrbp gisedowst rom t he bul b nunber 8"' to the
bulbs 7, 6 and 5 for flow tinmes and bul bs nunber 7th

(d). Handling and operation: The vertical position is made with the help of mercury
leveling instrument. The reference liquid and solutions were separately filled in the
bulb number 8 of both the survismeters with utmost care and sucking of the liquids
from the bulb number 8" to the bulbs 7, 6 and 5 for flow times and bulbs number 7%
and 9™ for drops numbers can be made cautiously. The attention was paid to avoid the
formation of the air bubble in the liquid at any step during sucking operation as it

disrupts the smooth flow. The sucking was made with syringe connecting the needle

of the syringe and the respective upper end of the survismeter capillary limb.
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i ntroduce certain conplications and sophisticat
oftthe capillaries is three times of the type I, thus the shape and length of the

capillaries of the type II introduce certain complications and sophistication in the
instrument for operation and handling. The purpose of the U capillaries is to nullify an
effect of gravitational force on the viscous and dropwise flows of the solutions for

clearer picture of the structural interactions.
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Handling: Usually, survismeters are calibrated with any solution of know surface
tension and viscosity but ultra pure water is preferred. Unit numbers 4™ and 2™ are
calibrated separately for viscosity and surface tension measurements, respectively as

under-

For viscosity measurements: About 15ml solution of known viscosity value is taken

in the 8" bulb through 3™ capillary limb keeping other ends of the capillary limbs



tension and viscosity but ultra pure water is
preferred. Unit nunbers 4th and 2d are calibrated
separately for viscosity and surface tension
measurenents, respectively as uuider For viscosity
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in the bulb 7. The measurements were repeated several times for reproducibility. A
nut bolt fitted clip is used to control the air pressure applied on overhead of the
capillary limb number 2™ and usual mathematical relations are applied for surface

tension data as.

Ysoln/ Ysolv = (nsolv psoln)/ (nsoln psolv)

The ysom and 7ysory surface tensions, ngery and nge number of drops, and Psoln and Psory

densities of the solution and solvent respectively at desired TK.



capillary linb nunber 2nd and usual nathematica
relations are applied for surface tension data as.
Ysoi n/ Ysolv = (nsol vPsol n)14 (1 nsoln psoly) The Ysoln
and Ysoly surface tensions, nsoly and nsol n nunber of
drops, and Psoin_and psoly densities of the solution
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respectively. The value of the survismeter constant B with distilled water is calculated
from the 1/p=Bt-V/8nrLt, the V total volume of water that flows, r radius and L is
length of capillary.

Discussion: The values of the ¢ parameter from equation 2 determine dipole moment
(n) of liquid solutions, the p values vary due to the electrostatic forces involved in the
heteromolecular interactions. The ¢ data in table 2, illustrate binding forces during
drop formation applied on circumference, the lowermost tip of the capillary, as well
as on the liquid layer being formed during viscous flow. Such divisions of the forces

being associated with transport properties have never been taken into accounted for
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Tablel: Experimental and literature data of surface tension (dyne cm™) and viscosity
(milipoise) of solvents measured with the Survismeter at two temperatures. A is the

difference between the two values.

Lit®’ (the literature) and exp (the experimental) values. A = Exp-lit.
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The survismeters-type I and II have almost similar structures except few changes,
their schematic drawings are shown in Figures 1 and 2. The type I is a very handy and
simple in operation and most suitable for academic work for school and graduate
students with minimum delicacy in designing and handling. Its exposure to the
students can develop the concept of simultaneous measurements of surface tension

and viscosity, which are never been done with single instrumental unit.
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The instrument a$ claimed in claims 3 and 4, wherein the ratio of inner tube to
outer tube diameter is in the range of 0.5 mm to 1.5 mm.
5. The instrument as claimed in claim 1, wherein the capillary tube (1) is directly
connected to atmosphere in order to maintain pressure inside the bulb (7).
6. The instrument as claimed in claim 1, wherein the bulbs are in the spherical,
circular, cylindrical, square and rectangular shape.
7. The instrument as claimed in claim 1, wherein the bulb (5) is connected to
bulb (6) for stabilizing the flow by smoothening the pressure change.
8. A method for determining the viscosity, surface tension and dipole moment of
liquids with an instrument as claimed in claim 1, said method comprising the steps of:

a) allowing solution (L) of known viscosity value in bulb (8) through

capillary limb (3), while keeping other ends of capillaries are open;



capillary linb (3), while keeping other ends of
capillaries are open; 19 b) sucking the said solution
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in step (@pillady (23 bililb @), while blocking the socket of capillary limb (4)
and (1) by stopper,
g) allowing drop wise flow of solution from bulb (9) and counting
numbers of drops in bulb (7),
1) repeating step (f) to (g) several times for solution as well as solvent (b) and
calculating surface tension with formula
i Yso/Ysotv=Dsolv. Psotn/DsolnPsolv
wherein
Ysoln, Ysolv = surface tension, goly. Osoln = Number of drops for solution

and solvent

Dsolv. Psoln =  density of solution and solvent at desired TK

(j) obtaining flow time in step (e) and number of drops in step (g) for solution
(L) & (V) and calculating the dipole moment with formula
1 =4.20141-25.02689c +385.378926"

wherein o is friccohesity

o = Go[(t/te = B/t)((/ng)+0.0012(1-w/wi))]



(L) & (V) and calculating the dipole nonent with
formula p. = 4.20141-25.02?@96 +385. 3789262 wherein 6
is friccohesity 6 = 60[(t/

B/t)((n/no)+0.0012(1-wwo))] 20 wherein B/t is kinetic
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moment of liquids and a method thereof, as substantially described herein with

reference to the accompanying drawings and examples.



