Surface Tension
and
Wetting

Guruswamy Kumaraswamy
CSIR-National Chemical Laboratory, Pune
and
Arun Banpurkar

Physics, University of Pune




Let’s start with some chemistry

What 1s?
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Let’s try some more chemistry

What 1s?
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What are the properties of H,O?




Let’s try some more chemistry

What 1s?
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What are the properties of H,S?




'« PERIODIC TABLE OF ‘l’l-lEmE%eEdlllEg]l;g 7\ Exciting’

The Russian Chemist, Dmitri Mendeleev, was the first to observe that if elements were listed in order of atomic mass, i r 3 S
they showed regular (periodical) repeating properties. He formulated his discovery in a periodic table of elements, Cle n Ce
now regarded as the backbone of modern chemistry.

The crowning achievement of Mendeleev's periodic table lay in his prophecy of then, undiscovered elements. In 1869,

the year he published his periodic classification, the element gallium, germanium and scandium were unknown.

Mendeleev left spaces for them in his table and even predicted
their atomic masses and other chemical properties. Six years later,
gallium was discovered and his predictions were found to be
accurate. Other discoveries followed and their chemical behaviour
| matched that predicted by Mendeleev
fydrogen
cerent | 10t The remarkable man, the youngest in a family of 17 children, has
Namey wmic ‘ left the scientific community with a classification system so
NOBLE GLASSES [N gt ome powerful thal it became the cornerstone in chemistry teaching and
= Mass' the predication of new elements ever since.
In 1955, element 101 was named after him: Md - Mendelevium.
At room temperature the element is: In this remarkable chart, originally prepared by the South Africa
[ Gas Agency for Science & Technology Advancement (SASTA) thé f
elements are shown with anitem of daily use. The symbols, names
& Liquid and atomic numbers of the elements are given.
B Natural Solid
Acknowledgements: Arvind Gupta
W Man-made Solid (Synthetic) Table redrawn by Vidula Mhaiskar

e viB & VIB T il o

Cr 1 Fe Co N|

Arsenic f
Selenium
33

5693 @ 5860 M eass W 8530 B Punem Y¥nsm

Ru, Rh Pd Ag Cd

Bk

R"“"“X’s” Palladlum sier, i g T Antimony Tellurn lcing.
| 18107 B 2o @ Jm W O0787 W 11241 | ] 12760 @ 12690 |

t Au Hg TI _ Po At Rn

7 7 pti J' 7 A} B . . &3
4 : § » M o :
73 en | e 7 ; oy g g fsaine.
| B Te00s W Teal : 190 i I l 19697 mm Bzi0 |

Antinid Db Sg Bh

Series Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Eu
Lanthanum  Cerium  Prasecdymivm Neodymim Prometium Samarum  Euopium  Gadolimim  Terbium  Dysprosum  Holmium  Erbium  Thulum  Yilerbium  Lufetum  Europium
57 13891 58 140.12 5914080 6014496 61 145 62 15036 63 15196 64 15725 65 15692 66 16250 &7 16493 68 167.26 69 |sm 7017304 71 17496 63 15196
10‘““’ Dubi o wg\ Bohrium A ® ®E ® =2 B = =®E =2 = = B =B =B =
e e w0 W 1°7m

[ | I ) —— 7

Pa u Np  Pu Am  Cm Bk Cf Es Fm Md ND LI" |
Achmum ‘Fhminn Protactinium ~ Uranium  Nepfunium  Plufonium  Americium Curium Berkelum  Cafforwum  Einsteimum  Fermium

Excmng SCIence Group supported by' L.sn 227.02 :132.0!:21!01-92 moe-e: ar -94 w .95 1 .sezu -wzu .aa 21 -ww -mo:s! -IMIS;) .luz 259 .m: %0
ZWForbes &

» , ANU AGA
Marshall CPVENTURE EOIgtee = PRAV
Trusted Partners foulnd?;t_i_(-:n & FAM“.Y

Innovative Solutions




S

Loz

wixpepiA  Hydrogen sulfide
The Froe Encyiopecia From Wikipedia, the free encyclopedia
Main page fide is the chemical compound with the formula H,S. Itis a Hydrogen sulfide
E;::jr'jz — with the characteristic foul odor of rotten eggs: it is heavier
e . boisonous, corrosive, flammable, and explosive; properties S 133.6 pm
Randoin drlide shared with the denser hydrogen chalcogenides. /é:»_1>\
Donake® Nipone Hydrogen sulfide often results from the prokaryotic breakdown of organic H H
Vi fpadia she matter in the absence of oxygen gas, such as in swamps and sewers; this
Interaction process is commonly known as anaerobic digestion. H5S also occurs in
Help volcanic gases, natural gas, and in some sources of well water. It is also W
PRope present in natural halite type rock salts, most notably in Himalayan Black <

Community portal
Fecent changes

Salt, which is mostly harvested from the mineral-rich Salt Range mountains

Water (H,0)
tasteless and odorless liquid, gearly colorless with a hint of blue. The

. - : : 95.84 pm
simplest hydrogen chalcogenide, it is by far the most studied chemical O\

compound and is described as the "universal solvent” for its ability to H@H

dissolve many substances [3I[14 This allows it fo be the "solvent of life" 13! |t

is the only common substance to exist as a solid, liquid, and gas in
nature 18] '

Water molecules form hydrogen bonds with each other and are strongly



We expect S and O to have similar properties...

H,S a gas while H,O 1s a liquid .
WHY?

The difference between a gas and a liquid?
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Molecules 1n a liquid are STUCK to each other




Water forms
hydrogen bonds

uestions/4315/covalent-bond-hydrogen-bond

attractive force that
holds water
molecules tightly
together 1n liquid
phase
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http://chemistry.stackexchange.com/



This happens in the bulk

What happens at the surface of water?

Danglin
Hydrogen bond Q/bong g
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ONE molecule thick layer of water

where bonds are very different from the bulk
Interface water molecules can’t H-bond with air
DANGLING BONDS

o

_o_f_Gases

perties

r_Interpret;tion

ids, and Phase Transitions/10.1%3A Bulk Pro

and Solids%3A Molecula

. Water droplet
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Can think of this as a SKIN for water
The force that holds the skin together is the
surface tension

Due to strong H-bonding, water has a really high
surface tension (72 mN/m at RT)
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Surface tension — how much 1s 72 mN/m?

- Water “skin” can hold up insects...
- Can water “skin” support the weight of dense
metal objects? Can metal objects float?

But, this has nothing to
do with surface tension

M 8T Remember Archimedes?

Is 72 mN/m sufficient to hold up a paper clip?




Can the skin of water pull 1tself up, into a tube?

Net force

Surface tension Surface tension
“skin” force “skin” force

https://upload.wikimedia.org/wikipedia/commo
ns/6/66/CurvedSurfaceTension.png




Some creepy crawlies have learnt some really
cool ways of using surface tension effects

Multimedia Fluid Mechanics: Cambridge University Press




Where do we encounter capillarity?

Chromatography
chromatography

/ krauma tografi/

EMISTRY

froun  CHE

a technique for the separation of a mixture by passing it in solution or suspension
through a medium in which the components move at different rates.

Wet hair, fibers stick
together

Elastocapillary
coalescence in wet hair

e investigated why wet hair clumps
into bundles by dunking a model

brush of parallel elastic lamellae

info a perfectly wetting liquid. As the brush
hdrawn, pairs of bundles aggregate

5 ely, forming complex hierz hical
p.ltttlm T_h.jT. dt].‘t.ﬂd on a b1]1ru e btt\ een




Wet sand sticks
together

Plant uptake Vi R
s this the only mechanism £ % -
for water uptake? A

Does this set a limit on
how high plants can grow? *
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Nonpolar tail
Polar head

Tails don’t stick so strongly
Skin force decreases a lot
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What happens when we add soap to water?




Making surface tension anisotropic

Marangoni effect

Camphor boat
experiment
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Temperature also changes surface tension

Multimedia Fluid Mechanics: Cambridge University Press



Now, let’s talk about WETTING

The contact angle tells us about wetting

Hydrophobic: 0 > 110°
SUPER-hydrophobic: 6 > 160°
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WETTING depends on whether the solid
likes the liquid

O1l and water hate to mix

e-169.1pg

Solids that like water, don’t like o1l

and

Solids that like o1l, don’t like water

Can we use this to separate o1l and water?

ht_tp://i2.cdn.cnn.com/cnnnext/dam/assets/ 150519135
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Sponges that love oil but hate water

)

/




We’ve made

e —

-6 |

- HYDROPHOBIC sponges that are capable of
absorbing hexane (dyed red) underwater

- OMNIPHILIC sponges: absorb > 10X their
weight of water OR o1l




Problem: How do we efficiently get hydrophobic
pesticides onto leaves?

Green shore is still far awa

The central survey found that 21.3% of the vegetable samples contained measurable

pesticide residue; in 2.9% of samples, residue concentrations exceeded the limit.

Pesticide use can contaminate

"Ew? F-;m;;ge B E-mail this to a friend & Printable version fOOd, SOII, Water
'ﬁ ..,'!' India finds pesticides in colas




In general, leaf surfaces are HYDROPHOBIC

[eaf surfaces have a
waxy coating.
Therefore, they hate
water.

—

—

Water on rose leaf tilted at 30°




We’ve done some work on this problem

Food grade
nanoparticles




We’ve done some work on this problem




We’ve done some work on this problem

We have discovered that
nanoparticles (prepared
from sunflower o1l) can
solve this problem

These nanoparticles are
non-toxic. In fact, they
are food-grade (viz. you
can eat them)




SUPERHYDROPHOBICITY
Natural superhydrophobic surface: Lotus leaf




High speed imaging of water drop falling on
lotus leaf




C | @ www.stocorp.com/building-solutions/new-build/coatings/

. . _ IR . - o
o Corp ﬁ Find a Distributor Documentation Product Finder O eSubmitta

About Us Building Solutions Product Offerings

StoCoat® Lotus smooth, vertical, above grade exterior wall coating with Lotus- (\‘ -
Effect® technology that mimics the self cleaning capabilities of the lotus leaf. -
[ read more ] Climas: Acrylic: Elaston Textur Prim&rs




Drops of water/our nanoparticle dispersions on
Lotus leaves




Spray Experiments on

Colocasia and Nelumbo (Lotus) leaves




THANK YOU
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