Guiding Questions
What physical and chemical properties of water make it essential for life?

What are the challenges and opportunities of water as a habitat?

Linking Questions
How do the various intermolecular forces of attraction affect biological systems?

What biological processes only happen at or near surfaces?
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Sl LEABKING QUTCONMES

Water as the medium for life

Hydrogen bonds as a consequence of the polar covalent bonds
within water molecules

Cohesion of water molecules due to hydrogen bonding and
consequences for organisms
Adhesion of water to materials that are polar or charged and
impacts for organisms

Solvent properties of water linked to its role as a medium for
metabolism and for transport in plants and animals

Physical properties of water and the consequences for animals
in aquatic habitats

Students should appreciate that the first cells originated in water and that water remains the medium in
which most processes of life occur.

Students should understand that polarity of covalent bonding within water molecules is due to unequal
sharing of electrons and that hydrogen bonding due to this polarity occurs between water molecules.
Students should be able to represent two or more water molecules and hydrogen bonds between them
with the notation shown below to indicate polarity. The following diagram is provided in the data booklet.

5-
/ O\
H5+ H6+

Include transport of water under tension in xylem and the use of water surfaces as habitats due to the effect
known as surface tension.

Include capillary action in soil and in plant cell walls.

Emphasize that a wide variety of hydrophilic molecules dissolve in water and that most enzymes catalyse
reactions in aqueous solution. Students should also understand that the functions of some molecules in cells
depend on them being hydrophobic and insoluble.

Include buoyancy, viscosity, thermal conductivity and specific heat capacity. Contrast the physical properties
of water with those of air and illustrate the consequences using examples of animals that live in water and in
air or on land, such as the black-throated loon (Gavia arctica) and the ringed seal (Pusa hispida).

Note: When students are referring to an organism in an examination, either the common name or the scientific
name is acceptable.

WL LEABKING QUTCONMES

Extraplanetary origin of water on Earth and reasons for its
retention

Relationship between the search for extraterrestrial life and the

presence of water

The abundance of water over billions of years of Earth’s history has allowed life to evolve. Limit hypotheses
for the origin of water on Earth to asteroids and reasons for retention to gravity and temperatures low
enough to condense water.

Include the idea of the “Goldilocks zone”.



A1.1.2—Hydrogen bonds as a consequence of the polar covalent bonds within water molecules

Chemistry review

atomic number

chemical name €T Corbon

-F —
chemical SYMbdl <~ C

1z.ol ——>

L, number of pro('.ons (p*) in nuclevs
ex: Corbon has b protons

relative atomic mass (Ar)

owerage mass of on cloments isotopes (avelevs only)
X clectrons are not considered as too light (0.0005)

mass number (A) : Pra{:ons + nevtrons

electrons : negalive subatomic particle located aroond alom's nuclevs

&

nuclevs : contains:
S nevtrons : peotra) svbatomic porticle
“ M: positive sobatomic particle

elet:{roncsal{viiy : {endmcy of & nuclevs to atbract bonding electrons (e' )
i-e. the more it attracts, 1he more electronegative

k') depends on number of profons in nuelevs

N o F
ex:
more protons in nuclevs —> steonger poll

increasing elecionegativity
”

k‘> depends on Orslance behocen nuclevs and bar\r)a'ng pair ol electrons

decreasing _elechonegativity

greaker distance feom nuclevs
(more orbitals)
- weaker attractive Corce

AN
”~

X Diffecente between electonegativities of two atoms determines type of bond :

> very lorge (>1F Pavling scale) , one afams ulls € feom another ='ionic (bduun ims)
> small (0-04 Pavling scale), € cqually Shared belween atoms = fon-polar covolent

\> moderately large (>04-<1.7 Pavling Scale) € vnequally shared = polar covalent

X if lost /gained => jon. X do not orbit bot reside in ‘clovd’

Oxysm has b valence electrons , ths 'needs 2 more fo have full valence and be shable. b
Hydrascn has | valeace electron, +hes needs | more fo have full valence and be stable. H O

=

H:_O

one Oxyaen atom Can Shace 2 electrons with 2 Hydroaen atoms ‘covaleatly as water

electrosiatic attraction befween positive
nucled oad shered pair of electrons

e RN H o H

© o g

N~ two lone poits of electrons t
two € sharecd

X
60/ Oxyacn. has a highec clec{(omda{-:vi{-_y 1han Hydmsm

Bp* e
8n?®

\)8')(0*00\5 vs§ | prubm.
S O nuclevs has stronger
Pou on electrons than H

S eleckrons s’;end more time

Closer to O then H H

\L cavses

slightly positive charge (5*) arovad Hydrogen end of water due fo lower eledion density

* Unequal Sharing of electrons pairs !ead-'nj to unequal distabution of
electrical charge and glalitz. Watee comprises 2 polar covaleat bonds

when o molecvle has 2 3ifPerent electrical charges

slightly negative charge (8') around Oxygen end of water due fo higher eleckon density

H8+ Hs+ X covalent bonds ore within
How to draw : As woter is polor, fhe ;O/ o water molecule - infcamolecviar
% .slial\Hy posidive hydrosen > very strong and Stable
05_ is attracted fo the H 6+ > fepresented by ——
/ \ .sliakny nesaHve oxygen |
H5+ H5+ ond forms o hydrogen bond 5+ 8(-)\ H6+ (J:pole-dipole) are between
(a weak intermolecular 5‘0 —H _ H(5+ water molecules - intermolecolar
force of attraction ) | -0 > weak, but Stronger in large numbers
¥ found in data booklet Hs"' I!l 5+ Scms{mﬂy forming , breaking and rc-folming

“ represented by -== or



A1.1.3—Cohesion of water molecules due to hydrogen bonding and consequences for organisms
A1.1.4—Adhesion of water to materials that are polar or charged and impacts for organisms

Cohesion. * the attraction of o molecule o another of fhe same type Adhesion. : the attraction of o molecvle 1o a Jifferent type
.. water attracded fo another water molecule

i.e. water attracded fo o charged o polar malecial (ul\ich is not wahr)

S every waler molecule con form
hydrogen bonds with vp to Y
othecs in o fetrahedral formation

+4++ +++
@

o, 8
||

® —

ex: Nat, K*, Ca®, CI°, PO ex: molecvles with i\yaroxyl (oH) grovps

Capillary action * when woater ascends vp a narrow tobe due to adhesion,

Whea {rozen solid , water molecules have less as liquid , waler molecules move more, Cohesion and Surface tension
entrgy, causing hydrogen bonds to become causing hyorogen bonds to form , break,
stable, arranging water in a crystalline lattice and teform. very frequently (eplwmzra') €X: in vasewlar plants | water is carried by xylem which altroct water due fo heir

S lowers densily , cavsing ice 1o {loat S shape undefined cellvlose cell wall, u”auit\j adhesion . waler is pullcd vp via )(aaspi(akion.

and adhesion prevents waler fom {alling down.

le— cett watt ]| copitlary force
\ s loes UL _ &Y
,\/\/L ( \ ] | | | o > 5
g Sun evaporoles water from A woker leaves N é" ﬂ TO @ @ © | — edhesion
leaves , polling on the Jop of , 2 via stomata 2 %.. | /
o Ol

<low P> the weder column. This pots water

/
J’ in xylem under tension ( negaﬁve
pressuw- below a{mosphg("c)_ Coh“'-on @ gos exchange B3.)
holds coluvmn together , so whole chain
(Y
{ high P> is pu"ed vp: oot —> Jeaves

Sucface fension : fension of the sucface film of a I.'quiJ cavsed [,), cohesion
molecules vilh  in the sorface lo]cr‘ which minimizes Surface areo

Transpication stream : flow of woler fiom roots 1o leaves in plants
P P

like Sockinj water vp o Straw, waler moves vp dve Jo o suclion force ,
going from an area of higlner pressure to lower pressure

: the extent water will move via capillary action

- L] S | | depends on The attcactive forces and the weight
1] 3 | more narrow tube = grealer attraction = greater height

]| -

Yylem ‘ H H ﬂ,
\ @fronsporé B3.2

adult mosquito Ex:

repel water and trap air - /v \l waker is attracted o many Substances
with ils mishbols at the surface / esgs within seil via adhesion.
Q000 @) %\M If wil is porovs , waler
- N
OI0) O O (_/O . 7 able to move on top of water’s surface ,.,,,:\ larva / movesS up via cagillary : @
O 0000 | o |

wolec height

tvbe diameter

as there are no water above, water €% waler striders small, hydrophobic. hairs ex:

forms fewer, sleonger

ol ) ]
action fhrough W - \’,f‘“;\ ,7;‘7_);.
O O O O O O > grovitational force raft spider mosquitoes fake advontege of sucface small Channels,
results in a sifonjer R film-like (D. ﬁmhg'd.us) teasion by layins €398 on waler surface and mnk:’n& it available 9 @ X l\ei‘gl\t water rises

surface which resists btcakig X waler surface con act as habitals {or some animals their youny developing just below surface for roots of plants depends on soil type



A1.1.5—Solvent properties of water linked to its role as a medium for metabolism and for transport in plants and animals

Chemistey review

Solvte - substance being dissolved
)

° w -

hehrosu\cous mixture .

solution with non-onilorm composifion
> soluke doesat interact with solvent

homoﬂmcous solvtion

solution with onilorm composifion

solvent : substance in which Solvte dissolves 9 solvte dissolves in solvent

Substances that do not dissolve in water are @phabic —> non- polor, unchnrgea (e_x: I;P;ds>

Substances that gdissolve in /attracted to wakter are kydmphil.'c, - folar, charged

the surface of leaves %

\\'> W‘\) is waker such o 3ood solvent ?
have hydrophobic waxy cubicle \\

® it dissolves iome /d\a(sea subs-}anccs ex: Na Cl)

L@ .

pc:vu\hnj water loss

g
5-
o Oe
5
5* 8.’“‘ waker forms
&2 fydrotion shell mam
the becomes attracted {o the &- oxygen

end of water and the onion (=) becomes attracted 1o
the §+ kydrascr\. end of water (mn-d.pole intecaction)

An ionic substance is held fogether
with ionic bonds ( eleckesiatic
attracl:ion) between

and anions (-) - compoum) Scyara*es and dissolves in m’ueoos solution

@ water _pohnUa.l D2.3

® it Jdissolves polar compounds (ex: 3Iucose)

° @ s+ .

the veorious pelar regions
D (OH sroup.s) within the
/ glucase molecule ( 5”.;05)
503015 are polar substonces
@ carbohydrates (.1

K. polysaccharides ate less. soloble as they
form many inter /intra chain
fesulting in fewer free -OH for o hydration shell

are attracted fo water,

5 making it hydrophilic : allowing
it to readi ly form

5 with water and dissolve

Ded r)issolvins i5 o solvent Fmpm‘;, not adhesion

waler as a medivm for medabolism N
In order for o chemical reaction fo occur (reac{ant(s) - Producf.(s)) thece must be o success{ul collision

and sufficieat tnergy = activation energy -
\> Majocity of chemical reackions oceurring in ofganisms are regulafed by enzymes @ crymes o1

P

Enzymes: proteins that {funclion as biological catalysts (a sbstance fhat increases fhe rote of a chemical reaction
withovt being changed or vsed up) by lowering the activation energy

Melabolism : complex network of interdependent and interacting chemical reactions occurring in living organisms
g lhe inside of cells , cyfoplasm, is where most celloler chemicol reactions occur
Cytoplasm is mostly made vp of water which is an ideal medivm for metobolism:

® many enzymeS require o Cerfein amountk of wader in their sfructures, allowing do maintain fheir shape and work effectively
® most substrates dissolve in aqueous cyfoplasm , allowing them to wllide more reodily with enzymes

o form readily in water and allow Fhe substrate to bind more rcar)»'ly with enzymes substrate
® waker con absorb heat from exergonic reactions and maintain constant ideal temperature
k ® some gubstances are kyaraphobic and don't dissolve. This is importont for their fonctions : enzyme

L> cell membrane is composed ﬂﬁﬂﬁﬁ%ﬂﬁ@ k} proteins embedded in cell k> hormones like festostcrone

of non- polar sections membrane have hydro'hob;c. are k,dmphob-c allowing

and polar sections ———> !nnl%gu!!@)nl parls fo keep them aktached them o pass through

makmg il stable and semi-permeo ble Q’“""hr“es B2.1 440 kyc)rophn i¢ for interaction

Q proteins B1.2

membrane easi Iy

Q lipids Bl.1

waler as & medivm -ﬁ:r tronsport @ ironsport B32

k> In humans substances are cartied in the liquid portian of blood g In vascular plants, substances

( ),whicln is mostly water and {hvs aqueovs are carried in 2 main vessels:
) 1 N
lonic._Substances Amino acids Y N\H Xylem.
°5+

dissolve into ions in aqueous
plasma (Nn‘, cl, Kk, CA")

have both
charges So will dissolve in plasma.

mineral ions are
dissolued are carsied

PosH:'ve and msa_'h'vc

\U_L_)l\
\ IWJ\\

in xylem sap

U U
\ O"Xﬂ"‘ (Oz) non-polar but small size @
Poler_substances allows it fo dissolve, but sparingly.
dissolve in blood plasma Haemoglobin in red blood cells bind O, and Phloem . A
and carried casily :2:0»* o o“o.. grealy increases capacity of blood fo deliver O, Succose and other Vx‘a-,v\'
ex SIUCOSC \\\\\\\\\\\ N %%ﬁ y PwaUC"S of /L)
vrea. ! o 8 M non-polar and hydcophobic. 0@\‘?'35% photosynthesis carried g (g

Moust be caried within lipoproteins n P\\lbcm Sap *




A1.1.6—Physical properties of water and the consequences for animals in aquatic habitats

P"\ySiCa} Prope(-ly

LWater @

7 &
o

&

Gavia arctica ac)aptat':ons

Pusa. hispida a()apfa!:':ons

Buoyancy : the abilily of any floid (ligquid or 305) 1o provide vertical

upwards force on an object placed in or on it

Lo

S the force is equal fo fhe uei@hl: of

jhe flvid displaced loy the object

ohject density > {lid density

()ensiJr)l = 998.2) Kgm"

“vinj organisms have an
overall density close to
water and fend fo float,
maKing water a svitable

habitat

X ice is less dense and
€loats on liquid water

()ensi’rj = l.204 Kgm"

Air has o much lower
density then liviag
organisms, thus much
enecgy is required to
acncmh lift ond ﬂy

=

@

black- throated loon has larae wings
to gentcate ift i less buoyant air
has solid bones (unlike ofher birds)
fo increase its weight and to
Compress air in its lungs and
fealhers in order fo decrease
iis buoyancy,al\owir:j
it 4o dive for
vaderwoter o
prey =

@Rin&e() Seal s qui te heavy So

diving is not an jssue bot
ﬂoalinj is more oifficolt.
Lacge fat reserues, blubber, is
Slored wnder  the skin fo increase
its buoyanc)( (mak{n\r’ it close fo
that of waker).
Also, seals vse
floating ice as
habitats.

Viscosh‘)' . the resistance fo a flow of a fluid (3«5 or quw‘d)

s vi =)
UlSCoSH}( is dve to the jndernal friction 3 J/viscosiiy

cavsed when one Parl' of a fluid
moves relaive fo another

—
—_—

o 1 viscosity

S more viscous = more frickion = more resisfance 4o Flow

viscosity = /.0 X/0-3K5m"5"

as a quui(), viscosity is due
{o cohesive forces and water
forms hydrogen bonds SO is
more viscous than air bot less
so (ampaud to other /n'9w'd5

viscosity = /.8 xlo'skgm"s"

as a gas, viscosity is dve
fo collisions. Aic has far
lower viscosity than water
as it is Sor less dense

€ Hydlodynamic. to move

Bicd Plvmnmﬂe Y3 aaa,;{eb Jo holgd
and deflect air for 1ift aad flight
They are at/odynamic {o reduce drag
ond friction during £1ight

theough waler easily. Webbed
feet propel it during swimming

© Shieomlined body is hydrodynamic
{o reduvce drag through the water

Seal vses flippers to propel
itself dhrough water

O o
O, ‘03)00
00030000 .

Thermal conduckivity ° the ability of a substance o transfer
heat when there is a temperature difference

g ﬁow 7m'ckly is heat bem3 "'Mns('mcd across

£

o makerial depends on collisions and elections | ./‘ O\

X condudor = fast

insvlator = slow

enecgy transber >

therm. con. = 0.598 Wm' K™

waler sencrally has a low
thermal conduddivi iy (tomparer)
fo mdals) bvt much h,'aher
than air as parlicles in liquids

ate closer and can feansfer easier

therm. con. = 0.025 W'k

air is a thermal iasvlotor
and condocts heat poorly as
pacticles are for oport and
collisions and iransfer occur

less fmiu(nﬂy

10
(‘i@‘)

®

oir is drapped in the loon’s feathers
adinﬂ as an jnsulator and preventing
heat loss, maintaining body temperatore.
loons can ceasily lose heat in water
so thty have an oil 3!«1\5 and using
jheic beaK, rub it on fheir feadhers
as an insulalor as il is hydrophobic

©n prevent heat loss in waler, seals

have Iarac slores of blobber Wwhich act
as an insvlator. Hvddle in grovps to

reduce surfoce area and heat loss on land
5 {

Specific heat capacity : heat required fo raise |Kg of moterial by |K

g how much energy is needed fo change the temperajure of something

T specific heat capacity = alot of enwrgy is needed as il absorbs alot

X heat copacity = amount of heat enecgy rquired 1o change a substance |K
SBcciﬁc heat cnpac.'ly: amount of heat energy rgr,ifcd per vait mass

N ) indcpmamt of mass or vslume

sp- heat = 4184 KJ Kg" K

Waler has a very high specific
heat capacity dve Ho its hydrogen
boads. To warm vp, the H-bonds
need to be broken and when it
cools, H-bonds are formed and
releose energy. .. Water con absorb
a lot of energy withoot changing temp
and is stable in differing conditions

sp- heat =1.005 KJ Kg_'K_‘

Air hos a for lower specific
heat capacity compared 4o
water as fhe pardicles are
mofe srmu) out and thus
femperatures can easily change
a$ there are no intermolecular
bonds that need fo be oucrcome

© The blood of both birds and mammals are

mostly water, so heat is able fo be well

disicibuted in the body and it helps

maintain constaat body femperature .

artery

¢ ¢ ¢ 3
=@ -

walers temperature is relatively sfable year-round.

@ As wader will remain relnhvely warmer

in old femperatures compaced Yo the aif,
loons  spead w lot of fime on fhe water
cajher thaa Jand
to stay warm

5 seal young (pu?s) do nol have large
blubber Stores So can cool quickly. To
Keep them warm, pups ore raised in
insolaled ice lairs \)/,\
where air can be — ————|
easily warmed J



There is ~ 1Y billion km3
of water on Earth!

Over T0% of Earth’s
surface is water !
Heace our nickname,
‘The Blue Plancet’

as it appeors blue
c!om Space

found in oteans (97%)

DN, . ||
§— {ceshwater

the 3% lefl is
{ieshwoter which

is further subdivided

B —
groundwater
/ sorfoce fieshweler
- cr ™
lakes soil %{53;»

5
<

moisture (@o%?

D rivers

woder in living_organisms

Waler forms a |ar5e propociion

of h’s/iag ofganisms

(“'6570 -9%5% by mass for most
molticellolar planis and animals)

~80% of ove cells
consist of waler /

N/

life storted in the oceans

A1.1.1—Water as the medium for life

~Y.5 billion y¢ors ago,
€arth formed and was

a hot , molten mass

~ €arth cooled and
~ 3.8 billion. years

ago, €orth had water

extended in HL

\ 4

@ origin of cells A2.]

Waler on Earth js mainly

UV rediation. @)
g €ocly Earth 0id not yet have an ozone (03) loyer fo block harmful UV from the Sun R, \
bot as UV enlus the octans, it dissipates and becomes less harmbul with increasing depth - AWV
protecting orgunisms below and allowing life fo fhrive § zb_“
g The carly cells evalved membranes fo sepocate iheir insides (Cy{oplasm) s
Lom The ocean woter. Bilayel.s na’furall] form in Later.
@%ﬁiﬁff& ovtside Y .
Iog g ) & S £ )
==
y i;o g % & % > 82% inside S=22
NN A S

2 W >

Qmembrmes B2.1 cell membrane

Q lipids BlI.I

Water acls as an_important solvent and is crucial {or organisms

g mokes vp the fluid (cﬁoplasm) in all cells where all melabolic reactions occur - > )

S makes vp The £luid inside the organelles in cells >
g i5 found between cells of mullicellvlar organisms (inhrslib’al fluk)) \

S allows ‘}ransporl: of substances into and oot of cells involved in many chemical reackions

g man (amp()nen\. of blood (PlaSrna) ex: }\)«Jrolysis ‘Lo'“

oo >%g

ex: phol:as)nihesi.s

};o
boeo + by — + 600

g has a high heat capacily, allowing it to act as a
temperature buller and leads to stable environments

g necessary for the proper folding of proteins - allowing correct @
shape and funckion of many enzymes crucial for metabolism

wilhout waler, Jife would not exist on Earth

@ homeostasis D33 g hes high latent heat of vaporization, allowing evaporative cooling




HL A1.1.7 —Extraplanetary origin of water on Earth and reasons for its retention
A1.1.8—Relationship between the search for extraterrestrial life and the presence of water

Definitions
When Earth ficst formed it
wes for foo hot for water > waler likely has an ex+mplanehg //’tc\\ asteroid rock): boc)y a(b;h'nj ihe Sun
fo condense into a l-‘z,uic), so (ou'ls;de of planel, Earfk) origin k ~ . ¢ 5 ‘
most of it would heve been \ 0 « © meteoroid {‘faJmeA{: of an asteroid or comet
lost fo spoce as a gas and dispersed € | ,/

K\ medeor - when a space Qoamm£ enkers
\ EoriNs atmosphere and heals up

X 1here are Competing hypotheses foc the origin of waler on arih, o prominent one is asteroids :

Astecoid hypothesis for arigin of water on Earth

meteorile :

o meteor that
has landed on
€arth’s surface

S the hypothesis states That duiing Earik's early histacy, once it
Stacted fo cool, wafer was delivered fo Earth via many C0”I'dllﬂ3
osteroids from Space i the form of k,draka m‘merals\_/

g while corrently thee area't many collisions, billions of years ©90

()un'nj €arths formation, there is eslimaled fo hove been many collisions ouer millions of years,
which would occovat for The Ia(ge amount of wale curcenlly present today

How did waler S*gy on Earth aflec ils c)el.'verly'.’

® Due fo the Eordth’s Size, ifs gravity holds oceans fo its surface as well as gases (the atmosphere)

X asteroids analyzed today dont contain a lot of water but over dime waler would evaporate due fo g if Corth were smaller, its Jower gravitational poll could not Keep waler at its sorface
the Sun so most collisions likely ocwrred eorly and cantuined moce wader proportionally
® After Corth received waker, dve foits peoximity fo the Sun, waler remained as liquid , which gue to
p Evidence cohesion and hydrogen bonding , is casier fo hold to its sorface than vapoor.

S Atoms natvrally exist in diffecent forms ( iSO{OPtS)uhm Ihey may have Jiffereat numbe of nevions

occons and on astewids That hove passed orbital distance
oY &7/ through the Earth’s orbit aad meleoriles Search for extrakerrestiial life /> particvlarly “exoplanets (those ovtside the Earth's solar sysl:cm)
o )
% ) fesults: When searching for )ife on other plancts, a Key featvre fo look for is liquio water as il is essential foc life
D/P ratio, 1.56%10"! was found to be extremely 0s we know it —> Planets Therefore must be jn o Similer Goldilocks zone

similar for the ocean and many Samples of

Goldilocks zone : aka hobitable zone. The distance away from
in their nuclevS oS thus atomic mass l the Sua where the amount of solar energy is not too hot
' - . ) T fo vapourize , or foo far away to
ex: Hydrogen—l, H (Prohum) @ reotrons  Hydrogea-2., H (Dtu'l't!ivm) | neviron freeze  but *just right’ fo allow a2
S walel fo remain in a liqui) state §_
Water can have different forms depending g Scientists have analyzed the ratio of on the planets sorface ] B
on what iSohpe of ‘\yd{osen itis compriszr) Devitrium 1o Protivm in the Eorth's too hot oo cold

‘normal’ wader is most, common  ‘heavy' waker s rare aster0idS and meteorites such as fhe carbonaccous g to delecmine if an exoplanet has water we can vse ///—‘\ :s,'?
chondrites. This suppotis The idea 1hat asteroids lransit spectroscopy which anolyses the absorbance e =

Waler bodies are comprised of both and a ratio were the Source of water on Earth of light That passes through its atmosphere as it passes et

of the two can be delermined

X precise soorce still debated (Piani e ol 2020) in front of its star. Analysis can deermine if wader is pm.sent
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https://phet.colorado.edu/sims/html/molecule-polarity/latest/molecule-polarity_en.html
https://www.labxchange.org/library/pathway/lx-pathway:9dc1a9dc-26cd-4dc0-a3a2-13a7c0960cfe/items/lb:LabXchange:8ba25169:lx_simulation:1/55382?fullscreen=true
https://javalab.org/en/surface_tension_en/
https://www.biotopics.co.uk/jsmol/watermoving.html
https://www.biotopics.co.uk/jsmol/ice.html
https://javalab.org/en/specific_heat_en/
https://javalab.org/en/surface_tension_en/
https://www.noteworthyscience.com/

