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Photosynthesis — chemical process in which light energy is used to convert

carbown dioxide and water tnto glucose and oxygen.

Photosynthesis occurs in chloroplasts as they contain chlorophyll - a green
plgment that absorbs Light energy. This process is an endothermic reaction -
energy is transferred from surroundings and is absorbed.

The word equation for photosynthesis is:

carbow dioxide + water = glucose + oxygen

econ + 6H20 + light energy — CeH1206 + 602

The glucose produced during photosynthesis is used for:

1.

2.

Respiration - glucose is broken dowwn to release energy for process Like
active transport, growth and making new substances.
Making amino aclds - glucose is combined with nitrate lons from the

sotl to make amino acid, which are thew built into proteins for growth
anol repatr.

Making cellulose - glucose joined together to form cellulose for strong
cell walls.

Stored as fats/ oils - glucose Ls converted into Lipids, maiwl,g stored tn
seeds for long-term energy.

Stored as starch- insoluble store of energy in roots, stems, and leaves;
used when photosywnthesis tsw't happening.



A limiting factor stops photosynthesis from happening at its maximum
possible rate. Even if other conditions are perfect, the limiting factor will hold
the process back. The rate of photosynthesis is affected by light intensity,
carbow dioxide concentration, temperature and chlorophyll.

1. Light iw’cewsitg 2. carbow dioxtde concentration

*  light provides the energy for

photosynthesis. © coxisa raw,material, for
©  Alow light intensity slows the photosynthesis. )
rate *  low CcO2 concentration slows
*  as light intensity increases, the the rate,ofphotos%j wthests.
rate of photosynthesis increases v WRSENy) GBS Ml st Wil
until another factor becomes rate until another factor
Limiting. becomes Limiting.
2. Temperature 4. Chlorophyll concentration
*  photosynthesis is controlled by
enzymes. *  ifthere is a small amount of
*  Ufit’s too cold, the enzywmes work, chlorophyll (can be due to
slower so the rate also slows disease or Lack of nutrients)
dowwn. less Light Ls absorbed,
*  as temperature increases, rate slowing doww the rate of
lncreases until optimum photosynithesis.

temperature is reachea.

*  Uf the temperature goes above
opti,mum, the enzymes denature,
causing the rate to fall vapidly.



Smart Pals R l f I l Il o

Rate of photosywnthesis — how fast plants convert carbon dioxide and water

Lnto glucose and oxygen using light energy. There are three main graphs
You need to know for the rate of photosynthesis.

Light intensity:

At low light, rate of photosynthesis is
Limited by the energy available

©  if light intensity increases, the rate rises

©  Ata certain point, other factors (Co2 or
temeperature) become the Limiting factor, so Light intensity
the graph levels off.

Light intensity

Rate photosynthesis

carbown dioxide concentration:
*  Low CO2 limits the rate of photosynithesis
because it Ls a raw material.
*  wmore CO2 means a higher rate up to a Limit.
©  eventually, light and tewmperature become
Lf,mf,tl:wg, so rate levels of—f, Carbon dioxide concentra-

Carbon dioxide
concentration

photosynthesis

Tewmperature:

*  rate of photosynthesis increases as
temeperature rises (em.za mes work faster)

*  peak at optimum temperature.

* after optimum, enzymes denature, causing

Temperature

photosynthesis

a YR‘PLD! DIVD‘P tn the rate. Temperature



Sowmetimes, you can get graphs that show more than one Limited factor,
for example:

n the graph, we cawn see that
the X axts Ls the Light
intensity, and the Y axis is
the rate of photosynthesis.

Effect of CO: on Light Intensity vs Rate of Photosynthesis

= Low CO:
— High CO:

we cawn also see that we have
two Lines: the blue Line
represents Low carbown dioxide,
and the green Line represents
high carbown dioxiole

Rate of Photosynthesis (arbitrary units)

At low intensity, both Lines
0 20 a0 60 80 100 start off the same because
Light Intensity (arbitrary units) , , , ,

Light is the limiting factor-
there’s not enough light
energy food synthesis to go
faster, regardless of carbon
dioxide levels.

As light Lntensity inereases:

* i high carbon dioxide conditions (greew Line), the rate keeps rising for
longer as there’s plenty of carbon dioxide available, so light remains
the main Limiting factor until much higher tntensities.

* in low carbown dioxide conditions (blue line), the rate Levels off sooner
because carbow dioxide riuns out as limiting factor — increasing light
further won't help.




Rate of photosynthesis - practical
nvestigating the effect of light intensity ow the rate of photosywnthesis:

1. Fill a beaker with water and add a small amount of ,
, , Equipment:
sodium hydrogencarbonate (provides a constant
-~ * fresh pondweed
supply of carbon dioxide) . Beaker
2. Place the pondweed in the beaker, with the freshly cut ,
2 , « Lamp (Lght
end pointing towards the light sowrce )
,ye , S C
3. Position the lamp at a set distance from the beaker RDMLY ¢
(B.g.10 em) tu e .
, ° 5 wace
4. Switch on the Lamp and start the stopwateh P
, : © Sodium
5. Count the number of bubbles released in one minute Hrdl
6. Repeat three times at that distance and caleulate a goregen
carbonate
mean 2
’ ’ ° as s L
F. Move the lamp further away in set nerements (e.g. f' o J" Ll;hge
Lona
20 e, 20 e, 40 cw) and repeat the steps 4 to & oprron
variables:

tndependent — distance between Lamp and pondweed (changes Light
Lwtewsitg)

Dependent — rate of photosywnthesis by counting bubbles

Cowntrol — temperature of water, concentration of sodium hydrogencarbonate

AwaLgsis:

plot graph of rate of photosynthesis (Y axis) against light intensity (X
axts)
light intensity can be caleulated using the inverse square Law:

Light Lwtewsitg = 1/0istance "2

conclusion:

L]

the closer the light source, the higher the light intensity, and the faster
the rate of photosywnthesis

After a certain Lwtewsi,tg, the rate plateaus because another factor
becomes Limiting



Artificially creating ioeal conditions for farming

Farmers do this to maximise the rate of photosynthesis, so crops grow faster
and yield wore food.

Methods used to create Ldeal condition:

1. Greenhouse - to trap heat from sunlight, keeping temperature warm
and steady. This allows farmers to control humidi’c:{j levels, and
protect plants from pests, diseases, and harsh weather.

2. Avtificial Lighting — extend the amount of time plants can
photosywnthesise beyond daylight hours. This is useful in winters or
cloudy conditions when natural Light is Limited.

3. CO2 enrichment — pumping extra CO2 into the greenhouse air
inereases rate of photosynthesis. This is sometimes done by burning
small amounts of gas or using CO2 generators.

4. Cowntrolling pests and diseases— using pesticides or biological controls
leeps plants healthy so energy isn't wasted fighting infection.
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Respiration — the process of releasing energy from glucose. Happens in

every Living cell.

Respiration Ls exothermic (transfers energ Y to the evvironment)

Eunergy s released in a way that cells can use for:

*  movement - muscles contracts, for example, animals running,
swimming. Heart muscles contracting to pump blood.

© maintaining body temperature - mammals and birds keep their body
temperature constant, this also maintains metabolism

«  building larger molecules- producing Larger molecules from the smaller

OWNES.

Two types of respiration: aerobic respiration and anaerobic respiration

Aerobic regpiration
v
- Release of a large amount of energy from glucose using oxygen.
Happens mainly in wmitochondria.
*  Releases more energy per glucose than anaerobic respiration.
+  Produces waste products: carbon dioxide (exhaled) and water.

Glucose + oxygen — carbow dioxide + water + energy
Equation:
it CH,,0, T €0, = eCco, + &6H,0 + Bnergy
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Anaerobic regpiration
v
*  The release of a small amount of energy from glucose without oxygen.
©  Happens when oxygen cannot meet demand (not enough oxygen gets
supplied to the muscles), e.9. During intense exercises. Less efficient as
it does not completely break down of glucose.

Equutiow (tn antmas):

Glucose — lactic actd (+ewer@5)

© Used during short bursts of high intensity activity (eg sprinting)

+  lactic acid build up causes: muscle fatigue, cramps, drop tn pH

* must be removed —requires oxygen debt to oxidise Lactic acid into CO2
and H20 in the Liver.

Equation (in plants and yeast):

Glucose = ethanol+ carbown dioxide (+energy)

*  Plants and yeast cells respire awaerobicaug when oxygen Ls Low, produces
ethanol + carbow dioxide (tnstead of Lactic acid, Like tn animals)

*  ln yeast, anaerobic respiration takes place through the process called
fermentation.

*  yeast is used in bread making, carbon dioxide makes dough rise.

©  yeast ts used to make alcoholie drinks, ethanol remains tn the drink.

Reflect on guestions:
why anaerobic respiration is less efficient? - glucose tsw't fully oxidised
why oxygen debt happens? - to remove lactic acid by oxidation in the liver
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Exercise affects resplration:

during exercise, muscles contract more often, meaning they will require
more energy.

respiration rate increases to supply this energy

initially, aerobic respiration meets demand, but during intense exercise,
anaerobic respiration may ocour.

nereased breathing and heart rate - yow've breathing rate and depth rise
to bring wmore oxygen into the lungs. The heart pumps blood faster
deliver this oxygen to muscle cells and remove carbon dioxide more
quicth.

Awnaerobic respiration anol recovery:

Oxygen debt - the extra oxygen needed after exercise to break down
Lactic actd tnto harmless substances Like Carbon dioxide and water.
paying it back: even after you stop, breathing and heart rates stay high
to help remove Lactic acio from the muscles.

lactic acid can be transported in the blood to the liver, where it's
converted back tnto glucose.

Measuring exercise Lmpact:

You can measure: nvestiaation steps:

breathing rate - count . yecord Your pulse after resting for & minutes
of breaths per minute  «  yecord again after gentle walking
heart rate - measure - repeat after slow jogging
Your pulse - repeat after 5 minutes of running
*  present results n the data chart.

Notes:
Harder exercises pulse rate as your body needs more oxygen and to
remove more carbown dioxioe
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Metabolism — the sum of all chemical reactions in a cell organism.

ncludes both: anabolic reactions (building Larger molecules from smaller
ownes), catabolic reaction (breaking larger molecules from smaller ones)

why metabolism need energy:

Almost all metabolic reactions revue energy from respiration to:
©  Building complex molecules

break down molecules in a controlled way

matntatn body function like growth, repair, and temperature
regulations

Examples of metabolic processes:

Conversion of small molecules tnto Large molecules anabolic

» swmall glucose molecules are joined together in reaction to form glycogen
(storage molecule in animals), cellulose and starch (in plants).

«  Glucose combined with nitrate Lons to make amino actds, which are then
maole Lnto proteins

three fatty acids and one molecule of glycerol make Lipids

Conversion of Larger molecules tnto smaller molecules (catabolic):

*  breakoown of excess proteins to produce urea, which s thew excreted tn
wrine

Glucose s broken down L respiration



