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WHY DOES WATER
MAKE LIFE =
POSSIBLE?
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PART 1 '3
WATER'S MOLECULAR STRUCTURE, EMERGENT PROPERTIES WHY WATER'S PROPERTIES "~
POLARITY, AND HYDROGEN BONDING OF WATER MAKE LIFE POSSIBLE

HOW CAN ONE TINY MOLECULE SHAPE CLIMATE, CELLS, ECOSYSTEMS, AND LIFE ITSELF?
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PART 1

WATER’S MOLECULAR STRUCTURE,
POLARITY, AND HYDROGEN BONDING

ELECTRON ~mmmjp BOND mss) MOLECULAR =ss)> HYDROGEN mmmlp

DISTRIBUTION POLARITY GEOMETRY BOND PROPERTIES



WHY 0-H BONDS ARE POLAR

® OXYGEN IS MORE
ELECTRONEGATIVE THAN HYDROGEN

® ELECTRONS SPEND MORE
TIME NEAR OXYGEN

® OXYGEN BECOMES 6—;
EACH HYDROGEN BECOMES

® EACH 0—H BOND IS POLAR

ELECTRONEGATIVITY UNEQUAL ELECTRON
TRONEGATIVTY ey, UNEQUAL ELECTRON uully, BOND POLARITY




MOLECULAR GSEOMETRY MAKES WATER POLAR
( ?0\\ | BENT, NOT LINEAR

M BOND DIPOLES DO NOT CANCEL
W ! NET DIPOLE REMAINS

NET DIPOLE

POLAR BONDS + BENT GEOMETRY - POLAR MOLECULE
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A HYDROGEN BOND

IS AN ATTRACTION
BETWEEN THE

HYDROGEN

OF ONE WATER MOLECULE
AND THE

HYDROGEN BONDS LINK WATER MOLECULES
5- OXYGEN

O-
0\
‘lG:llr"’!\TﬁiZE;:!,.....‘lIIEI’
OF ANOTHER.

INDIVIDUALLY WEAK » COLLECTIVELY POWERFUL

HYDROGEN
BOND
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DYNAMIC HYDROGEN BOND NETWORK

* BONDS BREAK
AND REFORM
CONSTANTLY.

* NETWORK IS

DYNAMIC,
NOT RIGID.




PART 1

QUICK CHECK: PREDICT BEFORE YOU EXPLAIN

IF WATER WERE LINEAR,
WOULD IT STILL HAVE THE SAME NET POLARITY?

9 WHY IS A HYDROGEN BOND
WEAKER THAN AN 0-H COVALENT BOND?

WHY CAN MANY WEAK O

HYDROGEN BONDS PRODUCE
STRONG COLLECTIVE EFFECTS?

AP SCIENCE PRACTICE: EXPLAIN A MECHANISM, THEN PREDICT THE EFFECT OF CHANGING IT.
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PART 1 SYNTHESIS: BUILD THE CAUSAL CHAIN
@ ™~ @ ~3 — ®

MORE BENT GEOMETRY A DYNAMIC
ELECTRONEGATIVE 0-H BONDS CREATES A WATER MOLECULES NETWORK
. ARE POLAR NET DIPOLE HYDROGEN-BOND EMERGES

5 =
B .. a0 N
o 1 o d %,

® &
o oo o

NEXT: WHAT MACROSCOPIC PROPERTIES EMERGE FROM THIS MOLECULAR NETWORK?
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EMERGENT PROPERTIES OF WATER

COHESION - TEMPERATURE BUFFERING - SOLVENT BEHAVIOR - ICE

\ TEMPERATURE
: BUFFERING

SOLVENT
BEHAVIOR

11/36
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WATER MOLECULES ATTRACT 0- WATER MOLECULES ALSO g‘ \

ONE ANOTHER THROUGH . INTERACT WITH OTHER POLAR  { |s<! I}

HYDROGEN BONDING. : OR CHARGED SURFACES. ;‘ ‘ "' r{ e
; il -

BIOLOGICAL CONSEQUENCE: BIOLOGICAL CONSEQUENCE: ‘!‘ ,’ i

WATER MOVES AS A WATER CAN CLING TO CELL /j”’g \

CONNECTED COLUMN. WALLS AND OTHER SURFACES. "m
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SURFACE TENSION: A MOLECULAR NETWORK AT AN INTERFACE

AT THE SURFACE, WATER MOLECULES
EXPERIENCE A NET INWARD ATTRACTION.

=" COHESION
== NETINWARD ATTRACTION

- RESISTANT INTERFAGE

PREDICTION: WEAKENING HYDROGEN BONDING WOULD LOWER SURFACE TENSION.

AP_U1_LO1 « PART 2



HIGH SPECIFIC HEAT BUFFERS TEMPERATURE

’

HEAT INPUT =—p ¢°

TEMPERATURE

AP_U1_LO1 « PART 2
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HEAT ENERGY IS USED
T0 BREAK AND
REARRANGE H-BONDS.

TEMPERATURE
RISES MORE SLOWLY.

BUFFERS CELLS,
ORGANISMS, LAKES,

OCEANS, AND
ENVIRONMENTS.
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EVAPORATIVE COOLING

‘] HIGH-ENERGY
MOLECULES EVAPORATE.

2 AVERAGE KINETIC
ENERGY DECREASES.

3 SURFACE TEMPERATURE
3 DROPS.

SWEATING AND TRANSPIRATION CU.ULDRGANISMS.

AP_U1_LO1 - PART 2
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o | WATER EXCELLENT SOLVENT

/ \\ -
- . 1 PARTIAL CHARGES

J X | SURROUND IONS.
C| B e 2HYDRATIUNSHELLS

: ~ 1” ,.‘Q | & FORM
. ’ ..
' é é E @- |ONS / POLAR
2 ... i - | MOLECULES
0 8- FACES Na* o H 8* FACES CI- DISPERSE.

MEDIUM FOR BIOCHEMICAL REACTIONS.

AP_U1_LO1 - PART 2



™. HYDROPHOBIC EFFECT

1 NONPOLAR MOLECULES
AVOID WATER CONTACT.

AW WNER 2 THEY CLUSTER TOGETHER.
AL{ "~ REORGANIZES
/U " AROUND THE -
/f\.. CLUSTER

- WATER MINIMIZES
VN )" DISRUPTION OF ITS
H-BOND NETWORK

DRWES MEMBRANE FURMATlUN AND PROTEIN FOLDING.

AP_U1_LO1 « PART 2
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WHY ICE FLUATS |

SAME NUMBER OF WATER MOLECULES

LIQUID WATER — CLOSER TOGETHER ICE — OPEN LATTICE

ICE IS LESS DENSE THAN LIQUID WATER.

AP_U1_LO1 « PART 2



" FLOATING ICE PROTECTS LIFE i

~ COLDAIR

Wt P 1 ICE FLOATS on Top.

SRR LIRTING 1L OATER ™ g S

T S
G 4Gy )

. VPV TR INSULATES
PURR— | WATER BELOW.

"~ LIQUID WATER BELOW

ke 3LIFE SURVIVES
| Copen Ll ey BENEATH THE ICE.

IF ICE SANK. LAKES COULD FREEZE SOLID.

AP_U1_LO1 « PART 2
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AP DATA REASONING: TEMPERATURE BUFFERING

SAME ENERGY ADDED

40 -

30 -

20 -

Temperature (°C)

[Substance Xj‘

AP U1_LO1 * PART 2

4 6
Time (min)

SAME ENERGY ADDED

WHICH HAS
GREATER

SPECIFIC HEAT?

EXPLAIN WITH
EVIDENCE.

Compare the slopes and
temperature changes.
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PART 2 SYNTHESIS: PROPERTY » MECHANISM -» CONSEQUENCE

PROPERTY MOLECULAR MECHANISM BIOLOGICAL CONSEQUENCE
" COMESION ~ —jp !-BONDING BETWEEN B
- Sl
. E‘é‘;‘:‘l’h‘;‘é‘T'VE - :;i'::: ERGY MOLECoS COOLING OF SURFACES

04

SOLVENT BEHAVIOR + PARTIAL CHARGES SURROUND

IONS / POLAR SOLUTES TRANSPORT & REACTIONS

05

ICE FLOATS —§» OPEN H-BOND LATTICE - ATIC HABITAT

PERSISTS

vV VY VY

AP U1_LO1 « PART 2
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WHY WATER'S PROPERTIES
MAKE LIFE POSSIBLE




SOLVENT FoR
JONS + POLAR MOLECULES

ENABLES MOVEMENT
AND COLLISIONS

PARTICIPATES IN
REACTIONS SUCH AS

- ~ -
- P P -

e e HYDROLYSIS
~ CELLULAR CHEMISTRY HAPPENS IN WATER.



COHESION SUPPORTS LONG-DISTANCE TRANSPORT “*

PART 3
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;
COHESION

KEEPS THE WATER
COLUMN INTACT

.

ADHESION
SUPPORTS

D

THE COLUMN




"** WATER STABILIZES BIOLOGICAL TEMPERATURE “'*

INSIDE CELLS:
BUFFERS TEMPERATURE

ORGANISMS:
EVAPORATION COOLS

LAKES + OCEANS:
ABSORB AND RELEASE
HEAT SLOWLY




"% WATER ORGANIZES BIOLOGICAL MEMBRANES ™'
0 U WATER. e

HYDROPHILIC
HEADS

HYDROPHOBIC
TAILS

- . - - - -~

WATER DRIVES PHOSPHOLIPIDS TO EORM BILAYERS.




"3 WATER BALANCE IS A CORE CONSTRAINT 7/

HYPOTONIC ISOTONIC HYPERTONIC

WATER IN NO NET WATER MOVEMENT ~ WATER OUT



"3 WATER CONNECTS BIOLOGY TO CLIMATE ~ *'*

WATER — CLIMATE STABILITY — LIFE




P13 AP LAB CONNECTION: EVAPORATIVE COOLING *'*

LOW EVAPORATION HIGH EVAPORATION

3 1
] ' LLLLLLLL
’ TEMP
A

‘ 1= — CONTROL VARIABLES
| — MEASURE TEMPERATURE
B OVER TIME
5 — INTERPRET WITH
&5 ==K _ MECHANISM
S0 Lo J Lo
co.o L £ L%



AT MECHANISM CHALLENGE: CHANGE THE MOLECULE *'*

IF INTERMOLECULAR
ATTRACTIONS WEAKEN...

PREDICT EFFECTS ON
WATER PROPERTIES AND
BIOLOGICAL SYSTEMS.




" CLAIM-EVIDENCE-REASONING ™

CLAIM EVIDENCE REASONING
Water's molecular Examples: high Explain how
polarity is essential specific heat, polarity — H-bonds —
tomany cohesion, solvent properties —
ife-supporting behavior, ice floats. life support.
properties.

STRONG EXPLANATIONS CONNECT OBSERVATIONS TO UNDERLYING MECHANISMS.



13 CONCEPT CHECK &

A mutation reduces leaf surface evaporation. What
immediate effect on a hot, dry day?

Increased evaporative cooling
Reduced evaporative cooling
. Increased specific heat of water

= » m =

Increased polarity of water molecules



T3 CONGEPT CHECK: REASONING . i
CORRECT ANSWER: B

Less evaporation -
fewer high-energy molecules leave surface -
less energy removed - .
reduced cooling. / %
G and D are incorrect: mutation does not ’g '

change fundamental properties of water.




PARTS LESSON SYNTHESIS: FROM ELECTRONS TO ECOSYSTEMS /%

S AT
2 / NS
- Q2 . \"‘«\'\-\

) \l . ' N .
' S

N

AECTRONS  MOLECULE  PROPERTIES  CELL  ORGANISM  ECOSYSTEM

SMALL-SCALE INTERACTIONS CREATE LARGE-SCALE LIFE.



Ice floats—less dense J Sweatlng cools—evaporatlon
due to open hydrogen bond lattice. removes high-energy molecules.
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J Trees move water upward-— v Cells need water balance—
cohesion, adhesion, transpiration. osmosis across selectively
permeable membranes.




o EXIT TICKET o

@ Why is water polar?

@ Choose one emergent property
and trace it to hydrogen bonding.

@ Predict what happens if water’s
intermolecular attractions hecome much weaker.
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