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6.‌ ‌ENTHALPY‌ ‌OF‌ ‌VAPORIZATION‌ ‌OF‌ ‌WATER‌‌ ‌  

PRE-‌‌&‌‌POST-LAB‌‌Complete‌‌the‌‌pre-lab‌‌assignment‌‌by‌‌the‌‌due‌‌date‌‌shown‌‌in‌‌Chem21Labs.‌‌You‌‌will‌‌be‌‌given‌‌one‌‌                                     
lab‌ ‌period‌ ‌to‌ ‌complete‌ ‌this‌ ‌experiment.‌ ‌There‌ ‌will‌ ‌be‌ ‌a‌ ‌Chem21labs‌ ‌post-lab‌ ‌assignment‌ ‌due‌ ‌as‌ ‌shown‌ ‌on‌ ‌the‌‌                                   
schedule.‌ ‌ 

OBJECTIVES‌ ‌ 
This‌ ‌experiment‌ ‌is‌ ‌designed‌ ‌to‌ ‌help‌ ‌you‌ ‌connect‌ ‌some‌ ‌of‌ ‌the‌ ‌more‌ ‌abstract‌ ‌concepts‌ ‌of‌ ‌equilibrium‌ ‌and‌‌                                 
thermodynamics‌ ‌with‌ ‌laboratory‌ ‌observations.‌ ‌From‌ ‌this‌ ‌experiment,‌ ‌you‌ ‌should‌ ‌be‌ ‌able‌ ‌to‌ ‌ 

● Observe‌ ‌the‌ ‌effect‌‌of‌‌temperature‌‌on‌‌water‌‌vapor‌‌from‌‌the‌‌effect‌‌it‌‌has‌‌on‌‌a‌‌bubble‌‌composed‌‌of‌‌air‌‌and‌‌                                       
water‌ ‌vapor.‌‌ ‌  

○ This‌ ‌requires‌ ‌the‌ ‌understanding‌ ‌of‌ ‌Dalton’s‌ ‌law‌ ‌of‌ ‌partial‌ ‌pressure.‌ ‌ 
○ This‌ ‌also‌ ‌requires‌ ‌an‌ ‌understanding‌ ‌of‌ ‌the‌ ‌ideal‌ ‌gas‌ ‌law.‌‌ ‌  

● Use‌‌the‌‌liquid/vapor‌‌equilibrium‌‌generated‌‌in‌‌the‌‌bubble‌‌to‌‌determine‌‌an‌‌enthalpy‌‌of‌‌vaporization‌‌of‌‌water,‌‌                               
making‌ ‌the‌ ‌connection‌ ‌between‌ ‌equilibrium‌ ‌and‌ ‌thermodynamics.‌‌ ‌  

● Give‌ ‌reasons‌ ‌for‌ ‌some‌ ‌of‌ ‌the‌ ‌laboratory‌ ‌procedures‌ ‌in‌ ‌this‌ ‌experiment.‌ ‌ 
● Connect‌ ‌the‌ ‌procedures‌ ‌and‌ ‌your‌ ‌observations‌ ‌to‌ ‌errors‌ ‌and‌ ‌uncertainties‌ ‌in‌ ‌your‌ ‌results.‌ ‌ 

BACKGROUND‌ ‌ 
Evaporation‌‌of‌‌a‌‌liquid‌‌requires‌‌energy‌‌to‌‌break‌‌the‌‌intermolecular‌‌attractions‌‌among‌‌the‌‌liquid‌‌molecules.‌ ‌Heat‌‌must‌‌                                 
be‌‌transferred‌‌to‌‌the‌‌liquid‌‌to‌‌transform‌‌it‌‌to‌‌the‌‌vapor,‌‌so‌‌the‌‌phase‌‌change‌‌is‌‌endothermic.‌‌At‌‌higher‌‌temperatures,‌‌                                       
the‌‌vapor‌‌pressure‌‌will‌‌be‌‌larger,‌‌because‌‌more‌‌of‌‌the‌‌molecules‌‌have‌‌enough‌‌energy‌‌to‌‌overcome‌‌the‌‌intermolecular‌‌                                   
attractions.‌ ‌The‌ ‌reaction‌ ‌for‌ ‌the‌ ‌vaporization‌ ‌of‌ ‌water‌ ‌is‌ ‌written‌ ‌as:‌ ‌ 

H‌2‌O‌(l)‌‌ ‌➝‌ ‌H‌2‌O‌(g)‌ (1)‌ ‌ 

When‌ ‌it‌ ‌takes‌ ‌place‌ ‌at‌ ‌constant‌ ‌temperature‌ ‌and‌ ‌pressure,‌ ‌it‌ ‌has‌ ‌an‌ ‌associated‌ ‌ΔH‌vap‌,‌ ‌the‌ ‌molar‌ ‌enthalpy‌ ‌of‌‌                                   
vaporization.‌ ‌ 

The‌ ‌relationship‌ ‌between‌ ‌vapor‌ ‌pressure‌ ‌and‌ ‌temperature‌ ‌is‌ ‌derived‌ ‌from‌ ‌the‌ ‌standard‌ ‌Gibbs‌ ‌free‌ ‌energy‌ ‌of‌                               
vaporization.‌ ‌It‌ ‌can‌ ‌be‌ ‌written‌ ‌as:‌ ‌ 

‌ 

The‌ ‌derivation‌ ‌makes‌ ‌the‌ ‌assumption‌ ‌that‌ ‌ΔH‌o‌‌ ‌is‌ ‌independent‌ ‌of‌ ‌temperature.‌ ‌ 

If‌ ‌we‌ ‌set‌ ‌T‌1‌=‌ ‌100‌o‌C‌ ‌=‌ ‌373.15K,‌ ‌the‌ ‌normal‌ ‌boiling‌ ‌point‌ ‌of‌ ‌water,‌ ‌P‌1‌‌ ‌=‌ ‌1‌ ‌atm.‌ ‌Substituting‌ ‌that‌ ‌in‌ ‌equation‌ ‌4‌ ‌gives‌ ‌ 

‌ 

where‌ ‌P‌2‌‌ ‌=‌ ‌P‌vap‌,‌ ‌the‌ ‌vapor‌ ‌pressure‌ ‌of‌ ‌the‌ ‌water‌ ‌at‌ ‌T‌2‌.‌ ‌ 
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Since‌ ‌we‌ ‌assume‌ ‌that‌‌ΔH‌o‌
vap‌ ‌is‌‌independent‌‌of‌‌temperature‌‌(a‌‌valid‌‌assumption‌‌as‌‌long‌‌as‌‌the‌‌temperature‌‌range‌‌is‌‌                                     

limited‌ ‌and‌ ‌the‌ ‌room‌ ‌pressure‌ ‌is‌ ‌constant‌ ‌at‌ ‌about‌ ‌1‌ ‌atm),‌ ‌we‌ ‌can‌ ‌express‌ ‌this‌ ‌as:‌ ‌ 

‌ 

where‌ ‌‌C‌ ‌=‌ ‌‌ΔH‌o‌
vap‌/373.15‌R‌ ‌as‌ ‌long‌ ‌as‌ ‌the‌‌vapor‌‌pressure‌‌is‌‌measured‌‌in‌‌units‌‌of‌‌atm.‌‌From‌‌this‌‌expression,‌‌you‌‌can‌‌                                         

rationalize‌ ‌that‌ ‌a‌ ‌plot‌ ‌of‌ ‌ln‌P‌‌ ‌as‌ ‌a‌ ‌function‌ ‌of‌ ‌1/‌T‌‌ ‌should‌ ‌give‌ ‌a‌ ‌straight‌ ‌line‌ ‌with‌ ‌slope‌ ‌‌-ΔH‌o‌
vap‌/R‌‌ ‌and‌ ‌intercept‌ ‌‌C‌.‌ ‌ 

In‌ ‌this‌ ‌experiment,‌ ‌you‌ ‌will‌ ‌use‌ ‌a‌ ‌method‌ ‌of‌ ‌measuring‌ ‌the‌ ‌vapor‌ ‌pressure‌ ‌of‌ ‌water‌ ‌at‌ ‌a‌ ‌series‌ ‌of‌ ‌temperatures.‌‌                                       
(‌Levinson,‌‌G.‌‌‌J.‌‌Chem.‌‌Educ.‌‌‌1982‌,‌‌‌59‌,‌‌337-338).‌‌‌You‌‌will‌‌trap‌‌an‌‌air‌‌bubble‌‌in‌‌a‌‌graduated‌‌cylinder‌‌inverted‌‌into‌‌a‌‌large‌‌                                           
beaker‌‌full‌‌of‌‌water.‌‌The‌‌air‌‌bubble‌‌will‌‌contain‌‌air‌‌and‌‌water‌‌vapor‌‌at‌‌the‌‌temperature‌‌of‌‌the‌‌water‌‌in‌‌the‌‌beaker.‌‌As‌‌                                             
the‌ ‌temperature‌ ‌of‌ ‌the‌ ‌water‌ ‌is‌ ‌changed,‌ ‌the‌ ‌number‌ ‌of‌ ‌moles‌ ‌of‌ ‌air‌ ‌in‌ ‌the‌ ‌bubble‌ ‌will‌ ‌remain‌ ‌constant‌ ‌but‌ ‌the‌                                         
number‌‌of‌‌moles‌‌of‌‌water‌‌vapor‌‌will‌‌change.‌‌So‌‌the‌‌expansion‌‌of‌‌the‌‌bubble‌‌with‌‌heat‌‌will‌‌be‌‌due‌‌to‌‌the‌‌additional‌‌                                           
water‌‌vapor‌‌at‌‌higher‌‌temperature‌‌as‌‌well‌‌as‌‌to‌‌the‌‌expansion‌‌of‌‌gas‌‌at‌‌higher‌‌temperatures.‌‌By‌‌cooling‌‌the‌‌system‌‌to‌‌                                         
a‌ ‌low‌ ‌enough‌‌temperature‌‌so‌‌that‌‌the‌‌water‌‌vapor‌‌is‌‌negligible‌‌(<1%),‌‌you‌‌will‌‌be‌‌able‌‌to‌‌determine‌‌the‌‌number‌‌of‌‌                                         
moles‌ ‌of‌ ‌air‌ ‌present.‌ ‌ 

The‌ ‌total‌ ‌pressure‌ ‌of‌ ‌the‌ ‌bubble‌ ‌will‌ ‌remain‌ ‌at‌ ‌the‌ ‌room‌ ‌pressure,‌ ‌since‌ ‌it‌ ‌is‌ ‌determined‌ ‌by‌‌the‌‌room‌‌air‌‌pushing‌‌                                         
down‌ ‌on‌ ‌the‌ ‌surface‌ ‌of‌ ‌the‌ ‌water‌ ‌in‌ ‌the‌ ‌beaker.‌  ‌So‌ ‌for‌ ‌all‌ ‌temperatures,‌ ‌ 

‌ 
Once‌ ‌you‌ ‌have‌ ‌determined‌ ‌the‌ ‌number‌ ‌of‌ ‌moles‌ ‌of‌ ‌air‌ ‌present‌ ‌from‌ ‌your‌ ‌low‌ ‌temperature‌ ‌data‌ ‌where‌ ‌p‌water‌ ‌is‌‌                                     
negligible,‌ ‌you‌ ‌can‌ ‌determine‌ ‌the‌ ‌partial‌ ‌pressure‌ ‌of‌ ‌air‌ ‌at‌ ‌each‌ ‌temperature‌ ‌using‌ ‌the‌ ‌ideal‌ ‌gas‌ ‌law:‌ ‌ 

‌ 

for‌‌each‌‌temperature.‌‌You‌‌can‌‌then‌‌calculate‌‌p‌water‌ ‌at‌‌each‌‌temperature.‌‌Then,‌‌using‌‌eqn‌‌2‌‌and‌‌plotting‌‌ln(p‌water‌)‌‌as‌‌a‌‌                                       
function‌ ‌of‌ ‌1/T,‌ ‌you‌ ‌can‌ ‌determine‌ ‌ΔH‌o‌

vap‌.‌ 

There‌ ‌is‌ ‌a‌‌small‌‌systematic‌‌error‌‌because‌‌you‌‌are‌‌using‌‌the‌‌graduated‌‌cylinder‌‌in‌‌an‌‌inverted‌‌position.‌‌This‌‌reverses‌‌                                     
the‌‌shape‌‌of‌‌the‌‌air/water‌‌meniscus.‌‌To‌‌correct‌‌for‌‌this‌‌error,‌‌you‌‌will‌‌subtract‌‌0.2‌‌ml‌‌from‌‌all‌‌your‌‌volume‌‌readings.‌‌                                         
This‌ ‌is‌ ‌an‌ ‌experimental‌ ‌value,‌ ‌so‌ ‌it‌ ‌will‌ ‌affect‌ ‌the‌ ‌number‌ ‌of‌ ‌significant‌ ‌figures‌ ‌of‌ ‌your‌ ‌corrected‌ ‌volumes.‌ ‌ 

SAFETY‌ ‌ 
Bunsen‌‌burners‌‌‌pose‌‌a‌‌fire‌‌risk.‌‌Before‌‌you‌‌start,‌‌clear‌‌all‌‌books‌‌and‌‌papers‌‌away‌‌from‌‌your‌‌work‌‌area.‌‌Tie‌‌your‌‌hair‌‌                                           
back‌ ‌and‌ ‌roll‌ ‌up‌ ‌loose‌ ‌sleeves.‌ ‌Check‌ ‌that‌ ‌the‌ ‌hose‌ ‌on‌ ‌your‌ ‌Bunsen‌ ‌burner‌ ‌is‌ ‌not‌ ‌stiff‌ ‌or‌ ‌cracked.‌ ‌Replace‌ ‌it‌ ‌if‌‌                                           
necessary.‌‌‌You‌‌must‌‌wear‌‌chemical‌‌splash‌‌goggles‌‌and‌‌closed‌‌toed‌‌shoes.‌ ‌Wear‌‌a‌‌shirt‌‌that‌‌covers‌‌your‌‌upper‌‌chest‌‌                                     
and‌ ‌shoulders.‌ ‌Gloves‌ ‌and‌ ‌lab‌ ‌apron‌ ‌will‌ ‌be‌ ‌provided.‌ ‌ 

PROCEDURE‌ ‌ 
● Obtain‌ ‌an‌ ‌Experiment‌ ‌Bucket‌ ‌from‌ ‌the‌ ‌stockroom.‌ ‌ 
● Fill‌‌the‌‌beaker‌‌to‌‌~800‌‌ml‌‌with‌‌DI‌‌water.‌‌Then‌‌fill‌‌the‌‌graduated‌‌cylinder‌‌until‌‌it‌‌is‌‌about‌‌2/3‌‌full‌‌to‌‌the‌‌top‌‌of‌‌                                               

the‌‌cylinder.‌‌Put‌‌your‌‌finger‌‌over‌‌the‌‌cylinder‌‌and‌‌quickly‌‌invert‌‌it‌‌into‌‌the‌‌water‌‌in‌‌the‌‌beaker.‌‌An‌‌air‌‌bubble‌‌                                         

63‌ ‌ 



JHU‌ ‌Introductory‌ ‌Chemistry‌ ‌Lab‌ ‌I‌ ‌(105)‌ ‌-‌ ‌FA21‌ ‌ 

of‌‌4‌‌-‌‌5‌‌ml‌‌should‌‌be‌‌trapped‌‌in‌‌the‌‌cylinder.‌‌You‌‌may‌‌need‌‌to‌‌try‌‌this‌‌several‌‌times‌‌with‌‌different‌‌amounts‌‌of‌‌                                             
water‌‌in‌‌the‌‌graduated‌‌cylinder‌‌until‌‌you‌‌achieve‌‌an‌‌air‌‌bubble‌‌of‌‌the‌‌correct‌‌size.‌‌(A‌‌bubble‌‌of‌‌this‌‌size‌‌will‌‌                                         
expand‌ ‌to‌ ‌about‌ ‌10‌ ‌ml‌ ‌at‌ ‌80°C,‌ ‌which‌ ‌will‌ ‌give‌ ‌you‌ ‌the‌ ‌largest‌ ‌range‌ ‌for‌‌your‌‌data.‌‌This‌‌will‌‌improve‌‌the‌‌                                         
accuracy‌ ‌of‌ ‌your‌ ‌results.)‌ ‌The‌ ‌water‌ ‌in‌ ‌the‌ ‌beaker‌ ‌should‌ ‌completely‌ ‌cover‌ ‌the‌ ‌graduated‌ ‌cylinder.‌‌ ‌  

● Set‌ ‌up‌‌the‌‌apparatus‌‌as‌‌shown‌‌in‌‌the‌‌illustration‌‌below‌‌(Figure‌‌1).‌‌Be‌‌sure‌‌your‌‌iron‌‌ring‌‌and‌‌gauze‌‌wire‌‌is‌‌                                         
set‌ ‌up‌ ‌so‌ ‌that‌ ‌the‌ ‌beaker‌ ‌is‌ ‌level.‌ ‌Use‌ ‌the‌ ‌large‌ ‌clamp‌ ‌to‌ ‌clamp‌ ‌the‌ ‌beaker‌ ‌to‌ ‌the‌ ‌ring‌ ‌stand.‌ ‌The‌‌                                         
thermometer‌ ‌tip‌ ‌should‌ ‌be‌ ‌close‌ ‌to‌ ‌the‌ ‌graduated‌ ‌cylinder.‌ ‌ 

‌ 
● Heat‌ ‌the‌ ‌beaker‌ ‌with‌ ‌the‌ ‌Bunsen‌ ‌burner‌ ‌to‌‌~80°C‌‌or‌‌until‌‌the‌‌air‌‌bubble‌‌has‌‌expanded‌‌to‌‌the‌‌limit‌‌of‌‌the‌‌                                         

scale‌ ‌on‌ ‌the‌ ‌graduated‌ ‌cylinder‌ ‌if‌ ‌that‌ ‌occurs‌ ‌before‌ ‌80°C.‌‌ ‌  
‌ 

● Turn‌‌off‌‌the‌‌Bunsen‌‌burner‌‌and‌‌begin‌‌your‌‌measurements.‌‌While‌‌you‌‌are‌‌taking‌‌measurements,‌‌gently‌‌stir‌‌                               
the‌ ‌water‌ ‌to‌ ‌maintain‌ ‌an‌ ‌even‌ ‌temperature.‌ ‌ 

● Take‌ ‌your‌‌first‌‌measurements‌‌at‌‌approximately‌‌80°C‌‌as‌‌long‌‌as‌‌the‌‌air‌‌bubble‌‌volume‌‌is‌‌on‌‌scale.‌‌Measure‌‌                                   
both‌ ‌the‌ ‌volume‌ ‌and‌ ‌temperature‌‌as‌‌accurately‌‌as‌‌possible.‌‌Take‌‌additional‌‌measurements‌‌of‌‌volume‌‌and‌‌                             
temperature‌‌at‌‌2‌‌or‌‌3‌‌degree‌‌intervals‌‌until‌‌the‌‌temperature‌‌reaches‌‌50°C,‌‌continuing‌‌to‌‌stir‌‌the‌‌water.‌‌Do‌‌                                   
not‌ ‌rush‌ ‌this‌ ‌step‌ ‌by‌ ‌adding‌ ‌ice,‌ ‌this‌ ‌will‌ ‌lead‌ ‌to‌ ‌poor‌ ‌data.‌‌ ‌  

Note‌‌that‌‌reading‌‌the‌‌meniscus‌‌in‌‌the‌‌upside-down‌‌graduated‌‌cylinder‌‌can‌‌be‌‌tricky.‌‌For‌‌example,‌‌it‌‌might‌‌look‌‌like‌‌                                     
what‌ ‌is‌‌shown‌‌in‌‌Figure‌‌2.‌‌Here‌‌the‌‌bottom‌‌of‌‌the‌‌meniscus‌‌is‌‌between‌‌3‌‌and‌‌4‌‌ml,‌‌just‌‌below‌‌the‌‌3.4‌‌ml‌‌line.‌‌One‌‌                                                 
possible‌ ‌reading‌ ‌would‌ ‌be‌ ‌3.5‌ ‌ml;‌ ‌the‌ ‌last‌ ‌digit‌ ‌is‌ ‌the‌ ‌least‌ ‌significant‌ ‌digit‌ ‌because‌ ‌it‌ ‌has‌ ‌uncertainty.‌‌ ‌  

● Once‌‌the‌‌temperature‌‌has‌‌reached‌‌50°C,‌‌remove‌‌the‌‌Bunsen‌‌burner‌‌and‌‌place‌‌a‌‌large‌‌pan‌‌under‌‌the‌‌beaker.‌‌                                   
Add‌‌large‌‌quantities‌‌of‌‌ice‌‌into‌‌the‌‌beaker‌‌to‌‌cool‌‌the‌‌water‌‌to‌‌about‌‌5°C.‌‌(Any‌‌overflow‌‌due‌‌to‌‌the‌‌added‌‌ice‌‌                                           
should‌ ‌be‌ ‌caught‌ ‌in‌ ‌the‌ ‌pan‌ ‌and‌ ‌not‌ ‌allowed‌ ‌to‌ ‌flow‌ ‌all‌ ‌over‌ ‌the‌ ‌desk).‌‌This‌‌process‌‌will‌‌take‌‌at‌‌least‌‌20‌‌                                           
minutes.‌ ‌ 

● To‌ ‌be‌ ‌sure‌ ‌that‌ ‌the‌ ‌temperature‌ ‌of‌ ‌the‌ ‌water‌ ‌inside‌ ‌the‌ ‌graduated‌ ‌cylinder‌ ‌has‌ ‌equilibrated‌ ‌with‌ ‌the‌‌                                 
temperature‌‌of‌‌the‌‌water‌‌in‌‌the‌‌beaker,‌‌wait‌‌about‌‌15‌‌minutes‌‌after‌‌the‌‌temperature‌‌has‌‌reached‌‌about‌‌5°C‌‌                                   
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and‌‌record‌‌the‌‌volume‌‌and‌‌temperature.‌‌Then,‌‌wait‌‌at‌‌least‌‌5‌‌minutes‌‌longer‌‌and‌‌take‌‌a‌‌second‌‌reading.‌‌The‌‌                                     
change‌ ‌in‌ ‌temperature‌‌of‌‌the‌‌ice/water‌‌should‌‌be‌‌less‌‌than‌‌0.2°C‌‌and‌‌the‌‌change‌‌in‌‌volume‌‌of‌‌the‌‌bubble‌‌                                     
should‌ ‌be‌ ‌less‌ ‌than‌ ‌0.2‌ ‌ml.‌ ‌It‌ ‌is‌ ‌best‌ ‌to‌ ‌wait‌‌an‌‌additional‌‌5‌‌minutes‌‌or‌‌longer‌‌until‌‌you‌‌are‌‌sure‌‌that‌‌the‌‌                                             
volume‌ ‌and‌ ‌temperature‌ ‌are‌ ‌stable.‌ ‌Record‌ ‌the‌ ‌temperature‌ ‌and‌ ‌volume‌ ‌of‌ ‌the‌ ‌air‌ ‌bubble‌ ‌at‌ ‌this‌‌                               
temperature.‌ ‌ 

● At‌‌some‌‌point‌‌during‌‌the‌‌lab‌‌period,‌‌record‌‌the‌‌pressure‌‌in‌‌the‌‌room‌‌using‌‌the‌‌barometer‌‌located‌‌closest‌‌to‌‌                                     
your‌ ‌work‌ ‌area.‌ ‌ ‌   

CLEAN‌ ‌UP‌‌ ‌  
Any‌ ‌excess‌ ‌amounts‌ ‌of‌ ‌pure‌ ‌HCl‌ ‌can‌ ‌be‌ ‌neutralized‌ ‌with‌ ‌baking‌ ‌soda‌ ‌and‌ ‌washed‌ ‌down‌ ‌the‌ ‌sink.‌ ‌Solutions‌ ‌for‌‌                                     
disposal‌‌in‌‌the‌‌sink‌‌must‌‌have‌‌a‌‌pH‌‌between‌‌5‌‌and‌‌9,‌‌as‌‌long‌‌as‌‌you‌‌use‌‌copious‌‌amounts‌‌of‌‌water‌‌to‌‌dilute‌‌them‌‌as‌‌                                                 
you‌ ‌are‌ ‌rinsing‌ ‌them‌ ‌down‌ ‌the‌ ‌sink.‌‌ ‌  

Contents‌ ‌of‌ ‌the‌ ‌‌Waste‌ ‌‌beaker‌ ‌can‌ ‌also‌ ‌be‌ ‌neutralized‌ ‌with‌ ‌baking‌ ‌soda,‌‌but‌‌will‌‌need‌‌to‌‌be‌‌disposed‌‌of‌‌into‌‌the‌‌                                         
large‌‌white‌‌drum‌‌designated‌‌for‌‌heavy‌‌metal‌‌waste.‌‌Make‌‌sure‌‌the‌‌magnetic‌‌stir‌‌bar‌‌is‌‌removed‌‌before‌‌dumping‌‌the‌‌                                     
waste‌ ‌into‌ ‌the‌ ‌drum.‌‌ ‌  
Return‌ ‌the‌ ‌LabQuest‌ ‌and‌ ‌charger‌ ‌to‌ ‌your‌ ‌TA,‌ ‌wash‌ ‌the‌ ‌glassware/equipment‌ ‌with‌ ‌tap‌ ‌water,‌ ‌and‌ ‌return‌ ‌the‌‌                                 
Experiment‌ ‌Bucket‌ ‌‌to‌ ‌the‌ ‌stockroom.‌ ‌Make‌ ‌sure‌ ‌the‌ ‌bucket‌ ‌has‌ ‌the‌ ‌following‌ ‌items:‌‌ ‌  

‌ 

‌ 
DATA‌ ‌ANALYSIS‌ ‌ 

You‌ ‌will‌‌need‌‌to‌‌correct‌‌all‌‌your‌‌volume‌‌readings‌‌by‌‌subtracting‌‌0.2ml‌‌to‌‌correct‌‌for‌‌the‌‌reversed‌‌meniscus.‌‌You‌‌will‌‌                                       
then‌ ‌determine‌ ‌the‌ ‌number‌ ‌of‌ ‌moles‌ ‌of‌ ‌trapped‌ ‌air‌ ‌from‌ ‌the‌ ‌temperature‌ ‌and‌ ‌volume‌ ‌reading‌ ‌at‌ ‌the‌ ‌lowest‌‌                                   
temperature.‌ ‌From‌ ‌this‌ ‌number‌ ‌of‌ ‌moles,‌ ‌you‌‌will‌‌determine‌‌the‌‌partial‌‌pressure‌‌of‌‌air‌‌at‌‌all‌‌the‌‌temperatures‌‌you‌‌                                     
measured.‌ ‌ 

Next‌‌step‌‌is‌‌to‌‌determine‌‌the‌‌partial‌‌pressure‌‌of‌‌water‌‌at‌‌all‌‌temperatures.‌‌When‌‌you‌‌are‌‌doing‌‌repetitive‌‌calculations,‌‌                                     
the‌‌easiest‌‌way‌‌is‌‌to‌‌use‌‌a‌‌spreadsheet‌‌program,‌‌using‌‌formulas.‌‌You‌‌can‌‌set‌‌up‌‌columns‌‌that‌‌calculate‌‌p‌air‌,‌‌1/T,‌‌p‌water‌,‌‌                                         
and‌‌ln‌‌p‌water‌ ‌from‌‌the‌‌data.‌‌There‌‌are‌‌instructions‌‌for‌‌how‌‌to‌‌use‌‌formulas‌‌in‌‌the‌‌“Introduction‌‌to‌‌Microsoft‌‌Excel''‌‌in‌‌                                         
the‌ ‌section‌ ‌on‌ ‌graphs‌ ‌on‌ ‌Blackboard.‌‌ ‌  

Since‌‌the‌‌partial‌‌pressure‌‌of‌‌water‌‌is‌‌the‌‌vapor‌‌pressure‌‌at‌‌that‌‌temperature,‌‌plot‌‌ln(p‌water‌)‌‌as‌‌a‌‌function‌‌of‌‌1/T‌‌for‌‌the‌‌                                           
50‌o‌C‌‌-‌‌80‌o‌C‌‌range.‌‌Determine‌‌ΔH‌o‌

vap‌ ‌‌and‌‌its‌‌standard‌‌deviation‌‌from‌‌the‌‌slope.‌‌Using‌‌the‌‌LINEST‌‌function,‌‌determine‌‌                                   
the‌ ‌uncertainty‌ ‌in‌ ‌this‌ ‌value.‌‌ ‌  

WARNING:‌ ‌‌Although‌ ‌Chem21labs‌‌uses‌‌exactly‌‌the‌‌same‌‌calculation‌‌for‌‌the‌‌LINEST‌‌function,‌‌it‌‌starts‌‌with‌‌the‌‌values‌‌                                 
you‌‌input‌‌into‌‌the‌‌Chem21labs‌‌program‌‌for‌‌ln(p‌water‌)‌‌and‌‌1/T,‌‌NOT‌‌the‌‌values‌‌on‌‌your‌‌Excel‌‌spreadsheet.‌ ‌If‌‌you‌‌have‌‌                                       
rounded‌ ‌the‌ ‌values‌ ‌you‌ ‌entered‌ ‌into‌ ‌Chem21labs,‌ ‌you‌ ‌need‌ ‌to‌ ‌redo‌ ‌your‌ ‌calculations‌ ‌on‌ ‌Excel.‌ ‌ 

CHEM21LABS‌ ‌ASSIGNMENT‌ ‌ 
You‌ ‌will‌ ‌need‌ ‌to‌ ‌upload‌ ‌your‌ ‌Excel‌ ‌graph‌ ‌into‌ ‌the‌ ‌Chem21labs‌ ‌assignment.‌ ‌This‌ ‌assignment‌ ‌also‌ ‌places‌ ‌more‌‌                                 
emphasis‌‌on‌‌the‌‌short‌‌answer‌‌questions‌‌than‌‌the‌‌previous‌‌assignments.‌‌Both‌‌the‌‌graph‌‌and‌‌the‌‌short‌‌answers‌‌to‌‌the‌‌                                     
questions‌‌need‌‌to‌‌be‌‌completed‌‌independently.‌‌Although‌‌you‌‌can‌‌talk‌‌with‌‌classmates‌‌BEFORE‌‌you‌‌start‌‌writing,‌‌once‌‌                                 
you‌ ‌start‌ ‌writing‌ ‌you‌ ‌should‌ ‌not‌ ‌be‌ ‌communicating‌ ‌with‌ ‌other‌ ‌students.‌ ‌You‌ ‌should‌ ‌not‌ ‌be‌ ‌sharing‌ ‌notes‌‌on‌‌your‌‌                                     
discussions.‌ ‌ 
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1000‌ ‌ml‌ ‌Beaker‌ ‌  Digital‌ ‌Thermometer‌ ‌  10‌ ‌ml‌ ‌Graduated‌ ‌Cylinder‌ ‌ 


