[image: image1.wmf]Student Workbook 

Earth Science Labs with Computers 

Part 1

S07: Acid Rain

Earth Science Labs with Computers 

Student Workbook

S07: Acid Rain

Part 1

Student Workbook

Earth Science Labs with Computers
Part 1

S07: Acid Rain


Procedure Outline — Activity S07: Acid Rain 

Adapted from Chemistry with Computers, by Dan D. Holmquist and Donald L. Volz, distributed by Vernier Software, 8565 S.W. Beaverton Hillsdale Hwy., Portland, OR 97225, (503) 297-5317.
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/dstR[newpath clippath pathbbox]def newpath
grestore
dstR 0 get dstR 1 get translate
dstR 2 get dstR 0 get sub 1882 1777 sub div
dstR 3 get dstR 1 get sub 1973 2369 sub div scale
0 1973 2369 sub translate
%!PS-Adobe-2.0 EPSF-1.2
%%Title: Unknown
%%Creator: FreeHand 7.0
%%CreationDate: 10/21/97 6:29 PM
%%BoundingBox: 0 0 105 396
%%FHPathName:
%ALDOriginalFile:
%ALDBoundingBox: 0 0 105 396
%%FHPageNum:0
%%DocumentSuppliedResources: procset Altsys_header 4 0
%%ColorUsage: Color
%%DocumentProcessColors: Cyan Magenta Yellow Black
%%EndComments
%%BeginResource: procset Altsys_header 4 0
userdict begin /AltsysDict 245 dict def end
AltsysDict begin
/bdf{bind def}bind def
/xdf{exch def}bdf
/defed{where{pop true}{false}ifelse}bdf
/ndf{1 index where{pop pop pop}{dup xcheck{bind}if def}ifelse}bdf
/d{setdash}bdf
/h{closepath}bdf
/H{}bdf
/J{setlinecap}bdf
/j{setlinejoin}bdf
/M{setmiterlimit}bdf
/n{newpath}bdf
/N{newpath}bdf
/q{gsave}bdf
/Q{grestore}bdf
/w{setlinewidth}bdf
/sepdef{
 dup where not
 {
AltsysSepDict
 }
 if 
 3 1 roll exch put
}bdf
/st{settransfer}bdf
/colorimage defed /_rci xdf
/_NXLevel2 defed { 
 _NXLevel2 not {   
/colorimage where {
userdict eq {
/_rci false def 
} if
} if
 } if
} if
/md defed{ 
 md type /dicttype eq {  
/colorimage where { 
md eq { 
/_rci false def 
}if
}if
/settransfer where {
md eq {
/st systemdict /settransfer get def
}if
}if
 }if 
}if
/setstrokeadjust defed
{
 true setstrokeadjust
 /C{curveto}bdf
 /L{lineto}bdf
 /m{moveto}bdf
}
{
 /dr{transform .25 sub round .25 add 
exch .25 sub round .25 add exch itransform}bdf
 /C{dr curveto}bdf
 /L{dr lineto}bdf
 /m{dr moveto}bdf
 /setstrokeadjust{pop}bdf 
}ifelse
/rectstroke defed /xt xdf
xt {/yt save def} if
/privrectpath { 
 4 -2 roll m
 dtransform round exch round exch idtransform 
 2 copy 0 lt exch 0 lt xor
 {dup 0 exch rlineto exch 0 rlineto neg 0 exch rlineto}
 {exch dup 0 rlineto exch 0 exch rlineto neg 0 rlineto}
 ifelse
 closepath
}bdf
/rectclip{newpath privrectpath clip newpath}def
/rectfill{gsave newpath privrectpath fill grestore}def
/rectstroke{gsave newpath privrectpath stroke grestore}def
xt {yt restore} if
/_fonthacksave false def
/currentpacking defed 
{
 /_bfh {/_fonthacksave currentpacking def false setpacking} bdf
 /_efh {_fonthacksave setpacking} bdf
}
{
 /_bfh {} bdf
 /_efh {} bdf
}ifelse
/packedarray{array astore readonly}ndf
/` 
{ 
 false setoverprint  
 
 
 /-save0- save def
 5 index concat
 pop
 storerect left bottom width height rectclip
 pop
 
 /MMdict_count countdictstack def
 /MMop_count count 1 sub def
 userdict begin
 
 /showpage {} def
 
 0 setgray 0 setlinecap 1 setlinewidth
 0 setlinejoin 10 setmiterlimit [] 0 setdash newpath
 
} bdf
/currentpacking defed{true setpacking}if
/min{2 copy gt{exch}if pop}bdf
/max{2 copy lt{exch}if pop}bdf
/xformfont { currentfont exch makefont setfont } bdf
/fhnumcolors 1 
 statusdict begin
/processcolors defed 
{
pop processcolors
}
{
/deviceinfo defed {
deviceinfo /Colors known {
pop deviceinfo /Colors get
} if
} if
} ifelse
 end 
def
/printerRes 
 gsave
 matrix defaultmatrix setmatrix
 72 72 dtransform
 abs exch abs
 max
 grestore
 def
/graycalcs
[
 {Angle Frequency}   
 {GrayAngle GrayFrequency} 
 {0 Width Height matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
 {0 GrayWidth GrayHeight matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
] def
/calcgraysteps {
 forcemaxsteps
 {
maxsteps
 }
 {
/currenthalftone defed
{currenthalftone /dicttype eq}{false}ifelse
{
currenthalftone begin
HalftoneType 4 le
{graycalcs HalftoneType 1 sub get exec}
{
HalftoneType 5 eq
{
Default begin
{graycalcs HalftoneType 1 sub get exec}
end
}
{0 60} 
ifelse
}
ifelse
end
}
{
currentscreen pop exch 
}
ifelse
 
printerRes 300 max exch div exch 
2 copy 
sin mul round dup mul 
3 1 roll 
cos mul round dup mul 
add 1 add 
dup maxsteps gt {pop maxsteps} if 
dup minsteps lt {pop minsteps} if 
 }
 ifelse
} bdf
/nextrelease defed { 
 /languagelevel defed not {    
/framebuffer defed { 
0 40 string framebuffer 9 1 roll 8 {pop} repeat
dup 516 eq exch 520 eq or
{
/fhnumcolors 3 def
/currentscreen {60 0 {pop pop 1}}bdf
/calcgraysteps {maxsteps} bdf
}if
}if
 }if
}if
fhnumcolors 1 ne {
 /calcgraysteps {maxsteps} bdf
} if
/currentpagedevice defed {
 
 
 currentpagedevice /PreRenderingEnhance known
 {
currentpagedevice /PreRenderingEnhance get
{
/calcgraysteps 
{
forcemaxsteps 
{maxsteps}
{256 maxsteps min}
ifelse
} def
} if
 } if
} if
/gradfrequency 144 def
printerRes 1000 lt {
 /gradfrequency 72 def
} if
/adjnumsteps {
 
 dup dtransform abs exch abs max  
 
 printerRes div       
 
 gradfrequency mul      
 round        
 5 max       
 min        
}bdf
/goodsep {
 spots exch get 4 get dup sepname eq exch (_vc_Registration) eq or
}bdf
/BeginGradation defed
{/bb{BeginGradation}bdf}
{/bb{}bdf}
ifelse
/EndGradation defed
{/eb{EndGradation}bdf}
{/eb{}bdf}
ifelse
/bottom -0 def 
/delta -0 def 
/frac -0 def 
/height -0 def 
/left -0 def 
/numsteps1 -0 def 
/radius -0 def 
/right -0 def 
/top -0 def 
/width -0 def 
/xt -0 def 
/yt -0 def 
/df currentflat def 
/tempstr 1 string def 
/clipflatness currentflat def 
/inverted? 
 0 currenttransfer exec .5 ge def
/tc1 [0 0 0 1] def 
/tc2 [0 0 0 1] def 
/storerect{/top xdf /right xdf /bottom xdf /left xdf 
/width right left sub def /height top bottom sub def}bdf
/concatprocs{
 systemdict /packedarray known 
 {dup type /packedarraytype eq 2 index type /packedarraytype eq or}{false}ifelse
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
proc1 aload pop proc2 aload pop
proc1 length proc2 length add packedarray cvx
 }
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
/newproc proc1 length proc2 length add array def
newproc 0 proc1 putinterval newproc proc1 length proc2 putinterval
newproc cvx
 }ifelse
}bdf
/i{dup 0 eq
 {pop df dup} 
 {dup} ifelse 
 /clipflatness xdf setflat
}bdf
version cvr 38.0 le
{/setrgbcolor{
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
setrgbcolor}bdf}if
/vms {/vmsv save def} bdf
/vmr {vmsv restore} bdf
/vmrs{vmsv restore /vmsv save def}bdf
/eomode{ 
 {/filler /eofill load def /clipper /eoclip load def}
 {/filler /fill load def /clipper /clip load def}
 ifelse
}bdf
/normtaper{}bdf
/logtaper{9 mul 1 add log}bdf
/CD{
 /NF exch def 
 {    
exch dup 
/FID ne 1 index/UniqueID ne and
{exch NF 3 1 roll put}
{pop pop}
ifelse
 }forall 
 NF
}bdf
/MN{
 1 index length   
 /Len exch def 
 dup length Len add  
 string dup    
 Len     
 4 -1 roll    
 putinterval   
 dup     
 0      
 4 -1 roll   
 putinterval   
}bdf
/RC{4 -1 roll /ourvec xdf 256 string cvs(|______)anchorsearch
 {1 index MN cvn/NewN exch def cvn
 findfont dup maxlength dict CD dup/FontName NewN put dup
 /Encoding ourvec put NewN exch definefont pop}{pop}ifelse}bdf
/RF{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RC}
 ifelse
}bdf
/FF{dup 256 string cvs(|______)exch MN cvn dup FontDirectory exch known
 {exch pop findfont 3 -1 roll pop}
 {pop dup findfont dup maxlength dict CD dup dup
 /Encoding exch /Encoding get 256 array copy 7 -1 roll 
 {3 -1 roll dup 4 -2 roll put}forall put definefont}
 ifelse}bdf
/RCJ{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFJ 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFJ{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCJ} 
 ifelse
}bdf
/hasfont
{
 /resourcestatus where 
 {
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
 }
 {
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
 }
 ifelse
}bdf
/FDFJ
{
 dup   
 hasfont  
 not   
 {   
pop
/Ryumin-Light-83pv-RKSJ-H
hasfont 
{
/Ryumin-Light-83pv-RKSJ-H
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFJ{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFJ 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/fps{
 currentflat   
 exch     
 dup 0 le{pop 1}if 
 {
dup setflat 3 index stopped
{1.3 mul dup 3 index gt{pop setflat pop pop stop}if} 
{exit} 
ifelse
 }loop 
 pop setflat pop pop
}bdf
/fp{100 currentflat fps}bdf
/clipper{clip}bdf 
/W{/clipper load 100 clipflatness dup setflat fps}bdf
userdict begin /BDFontDict 29 dict def end
BDFontDict begin
/bu{}def
/bn{}def
/setTxMode{av 70 ge{pop}if pop}def
/gm{m}def
/show{pop}def
/gr{pop}def
/fnt{pop pop pop}def
/fs{pop}def
/fz{pop}def
/lin{pop pop}def
/:M {pop pop} def
/sf {pop} def
/S {pop} def
/@b {pop pop pop pop pop pop pop pop} def
/_bdsave /save load def
/_bdrestore /restore load def
/save { dup /fontsave eq {null} {_bdsave} ifelse } def
/restore { dup null eq { pop } { _bdrestore } ifelse } def
/fontsave null def
end
/MacVec 256 array def 
MacVec 0 /Helvetica findfont
/Encoding get 0 128 getinterval putinterval
MacVec 127 /DEL put MacVec 16#27 /quotesingle put MacVec 16#60 /grave put
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI
/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
MacVec 0 32 getinterval astore pop
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/oslash 
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/nbspace/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase
/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
MacVec 128 128 getinterval astore pop
/findheaderfont {
 /Helvetica findfont 
} def
end %. AltsysDict
%%EndResource
%%EndProlog
%%BeginSetup
AltsysDict begin
_bfh 
_efh 
end %. AltsysDict
%%EndSetup
AltsysDict begin 
/onlyk4{false}ndf
/ccmyk{dup 5 -1 roll sub 0 max exch}ndf
/cmyk2gray{
 4 -1 roll 0.3 mul 4 -1 roll 0.59 mul 4 -1 roll 0.11 mul
 add add add 1 min neg 1 add
}bdf
/setcmykcolor{1 exch sub ccmyk ccmyk ccmyk pop setrgbcolor}ndf
/maxcolor { 
 max max max  
} ndf
/maxspot {
 pop
} ndf
/setcmykcoloroverprint{4{dup -1 eq{pop 0}if 4 1 roll}repeat setcmykcolor}ndf
/findcmykcustomcolor{5 packedarray}ndf
/setcustomcolor{exch aload pop pop 4{4 index mul 4 1 roll}repeat setcmykcolor pop}ndf
/setseparationgray{setgray}ndf
/setoverprint{pop}ndf 
/currentoverprint false ndf
/cmykbufs2gray{
 0 1 2 index length 1 sub
 { 
4 index 1 index get 0.3 mul 
4 index 2 index get 0.59 mul 
4 index 3 index get 0.11 mul 
4 index 4 index get 
add add add cvi 255 min
255 exch sub
2 index 3 1 roll put
 }for
 4 1 roll pop pop pop
}bdf
/colorimage{
 pop pop
 [
5 -1 roll/exec cvx 
6 -1 roll/exec cvx 
7 -1 roll/exec cvx 
8 -1 roll/exec cvx
/cmykbufs2gray cvx
 ]cvx 
 image
}
%. version 47.1 on Linotronic of Postscript defines colorimage incorrectly (rgb model only)
version cvr 47.1 le 
statusdict /product get (Lino) anchorsearch{pop pop true}{pop false}ifelse
and{userdict begin bdf end}{ndf}ifelse
fhnumcolors 1 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
ic im iy ik cmyk2gray /xt xdf
currenttransfer
{dup 1.0 exch sub xt mul add}concatprocs
st 
image
 }
 ifelse
}ndf
fhnumcolors 1 ne {yt restore} if
fhnumcolors 3 ne {/yt save def} if
/customcolorimage{
 aload pop 
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
1.0 dup ic ik add min sub 
1.0 dup im ik add min sub 
1.0 dup iy ik add min sub 
/ic xdf /iy xdf /im xdf
currentcolortransfer
4 1 roll 
{dup 1.0 exch sub ic mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub iy mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub im mul add}concatprocs 4 1 roll 
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}true 3 colorimage
 }
 ifelse
}ndf
fhnumcolors 3 ne {yt restore} if
fhnumcolors 4 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
currentcolortransfer
{1.0 exch sub ik mul ik sub 1 add}concatprocs 4 1 roll
{1.0 exch sub iy mul iy sub 1 add}concatprocs 4 1 roll
{1.0 exch sub im mul im sub 1 add}concatprocs 4 1 roll
{1.0 exch sub ic mul ic sub 1 add}concatprocs 4 1 roll
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}{dummy}
true 4 colorimage
 }
 ifelse
}ndf
fhnumcolors 4 ne {yt restore} if
/separationimage{image}ndf
/spotascmyk false ndf
/newcmykcustomcolor{6 packedarray}ndf
/inkoverprint false ndf
/setinkoverprint{pop}ndf 
/setspotcolor { 
 spots exch get
 dup 4 get (_vc_Registration) eq
 {pop 1 exch sub setseparationgray}
 {0 5 getinterval exch setcustomcolor}
 ifelse
}ndf
/currentcolortransfer{currenttransfer dup dup dup}ndf
/setcolortransfer{st pop pop pop}ndf
/fas{}ndf
/sas{}ndf
/fhsetspreadsize{pop}ndf
/filler{fill}bdf 
/F{gsave {filler}fp grestore}bdf
/f{closepath F}bdf
/S{gsave {stroke}fp grestore}bdf
/s{closepath S}bdf
 
 userdict /islevel2
 systemdict /languagelevel known dup
 {
pop systemdict /languagelevel get 2 ge
 } if
 put
 
 islevel2 not
 {
/currentcmykcolor
{
0 0 0 1 currentgray sub
} ndf
 } if
 
 /tc
 {
gsave
setcmykcolor currentcmykcolor
grestore
 } bind def
 /testCMYKColorThrough
 {
tc add add add 0 ne
 } bind def
 /fhiscomposite where not {
userdict /fhiscomposite
islevel2
{
gsave 1 1 1 1 setcmykcolor currentcmykcolor grestore
add add add 4 eq
}
{
1 0 0 0 testCMYKColorThrough
0 1 0 0 testCMYKColorThrough
0 0 1 0 testCMYKColorThrough
0 0 0 1 testCMYKColorThrough
and and and
} ifelse
put
 }
 { pop }
 ifelse
/bc4 [0 0 0 0] def 
/_lfp4 {
 /yt xdf       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /k2 xdf /y2 xdf /m2 xdf /c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor      
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
taperfcn /frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/bcs [0 0] def 
/_lfs4 {
 /yt xdf       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 tint1 tint2 sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 2 lt {pop 2} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 div taperfcn /frac xdf
bcs 0
1.0 tint2 tint1 sub frac mul tint1 add sub
put bcs vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfs6 {
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 tint1 tint2 sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 radius inrad sub abs   
 adjnumsteps      
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf    
 currentflat mark    
 currentflat clipflatness  
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bcs 0
tint2 tint1 sub frac mul tint1 add
put bcs vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfp6 {
 /k2 xdf /y2 xdf /m2 xdf /c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor     
 calcgraysteps mul abs round 
 radius inrad sub abs  
 adjnumsteps     
 dup 1 lt {pop 1} if   
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf   
 currentflat mark   
 currentflat clipflatness 
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/lfp4{_lfp4}ndf
/lfs4{_lfs4}ndf
/rfs6{_rfs6}ndf
/rfp6{_rfp6}ndf
/cvc [0 0 0 1] def 
/vc{
 AltsysDict /cvc 2 index put 
 aload length dup 4 eq
 {pop setcmykcolor}
 {6 eq {sethexcolor} {setspotcolor} ifelse }
 ifelse
}bdf 
0 setseparationgray
/imgr {1777 1973 1882 2369 } def 
/bleed 0 def 
/clpr {1777 1973 1882 2369 } def 
/xs 1 def 
/ys 1 def 
/botx 0 def 
/overlap 0 def 
/wdist 18 def 
0 2 mul fhsetspreadsize 
0 0 ne {/df 0 def /clipflatness 0 def} if 
/maxsteps 256 def 
/forcemaxsteps false def 
/minsteps 0 def 
 userdict begin /AGDOrigMtx matrix currentmatrix def end 
vms
-1777 -1973 translate
/currentpacking defed{false setpacking}if 
/spots[
1 0 0 0 (Process Cyan) false newcmykcustomcolor
0 1 0 0 (Process Magenta) false newcmykcustomcolor
0 0 1 0 (Process Yellow) false newcmykcustomcolor
0 0 0 1 (Process Black) false newcmykcustomcolor
]def
/makepattern defed /xt xdf
xt not {/yt save def} if
 
 /PATmp{
exch 
dup length 3 add dict copy 
begin
currentdict /Multi known not {/Multi 1 def} if
Multi 1 ne {
/UserProc /PaintProc load def
/PaintProc {
begin
0 1 Multi 1 sub {
PaintColors 1 index get PATsc
PaintData exch get
gsave currentdict UserProc grestore
}for 
end
} bdf
} if
currentdict
end
exch makepattern
 }bdf
 
 
 /PATsp{
dup /PaintType get 2 eq
{
exch aload length 4 eq
{5 -1 roll}
{spots exch get 0 4 getinterval aload pop
4 {4 index mul 4 1 roll} repeat 6 -2 roll pop}ifelse 
[/Pattern /DeviceCMYK] setcolorspace
}if
setpattern
 }bdf
 /PATfill{{{eofill}fp}{{fill}fp}ifelse}bdf
 /PATprestroke{}bdf
 /PATstroke{stroke}bdf
xt not {yt restore} if
xt {/yt save def} if
 
 /PATtcalc{
gsave
exch concat 
matrix currentmatrix exch 
2 ne {
dup 4 get exch dup 5 get exch
XStep 0 dtransform round exch round exch
XStep div exch XStep div exch
0 YStep dtransform round exch round exch
YStep div exch YStep div exch
7 -3 roll astore
} if
grestore
 }bdf
 
 /PATmp{
exch 
dup 
length 8 add 
dict copy 
begin 
TilingType PATtcalc 
/PATcurrentMtx xdf 
currentdict /Multi known not {/Multi 1 def} if
/FontType 3 def
/Encoding 256 array def
3 string 0 1 255 
{Encoding exch dup 3 index cvs cvn put} for pop
/FontMatrix matrix def
/FontBBox BBox def
/BuildChar {
mark 3 1 roll
exch begin
Multi 1 ne {PaintData exch get}{pop}ifelse
PaintType 2 eq Multi 1 ne or
{XStep 0 FontBBox aload pop setcachedevice}
{XStep 0 setcharwidth}ifelse
currentdict 
/PaintProc load 
end
gsave exec grestore
cleartomark
}bdf
currentdict 
end
/foo exch
definefont
 }bdf
 
 
 /PATsp{
/PATcurrent xdf
PATcurrent /PaintType get 2 eq
{/PATcolor xdf}if
 }bdf
 
 /PATpcalc{
PATcurrent begin
gsave
PATcurrentMtx setmatrix
BBox aload pop pop pop translate
pathbbox
grestore
YStep div ceiling 4 1 roll
XStep div ceiling 4 1 roll
YStep div floor 4 1 roll
XStep div floor 4 1 roll
2 index sub cvi abs
exch 3 index sub cvi abs exch
4 2 roll
YStep mul exch XStep mul exch
end
 }bdf
 
 
 /PATfill{
{{eoclip}fp}{{clip}fp}ifelse
PATpcalc 
newpath
PATcurrent dup begin
setfont
PATcurrentMtx setmatrix
PaintType 2 eq {PATcolor vc} if
3 index string 
0 1 Multi 1 sub { 
3 index 3 index moveto
Multi 1 ne {dup PaintColors exch get vc} if
0 1 7 index 1 sub { 
2 index 
exch 
2 index put
} for
pop 
3 index 
{
currentpoint 
2 index show
YStep add moveto
}repeat
}for
5 {pop} repeat 
end
 }bdf
 /PATprestroke{{strokepath}fp}bdf
 /PATstroke{false PATfill}bdf
xt {yt restore} if
/makepattern defed /xt xdf
xt not {/yt save def} if
userdict begin /fhpatdict 12 dict def end
fhpatdict begin
 /PatternType 1 def
 /PaintType 1 def 
 /TilingType 1 def
 /BBox [0 0 8 8] def
 /XStep 8 def
 /YStep 8 def
 /PatMtx [1 0 0 -1 0 8] def
 /PatIMtx [1 0 0 1 0 0] def
/PaintProc
{begin FHPatColor vc 8 8 true PatMtx PatData imagemask end} bdf
 /FHPatColor [0 0 0 0] def
 
 
end
/macpatorient{1 0 dtransform 0 eq exch 0 ne and}bdf
/veccalc { dtransform round exch round exch idtransform dup mul exch dup mul exch add sqrt } bdf
gsave 
0 0 transform 
2 copy 
round exch round exch
2 index sub exch 3 index sub exch
idtransform translate
pop pop
1 0 veccalc 0 1 veccalc 
scale
matrix currentmatrix
/PATmtx xdf
grestore
/pF{
 gsave 1 setgray filler grestore
 fhpatdict begin  
 /PatData xdf  
 /FHPatColor xdf  
 end
 save    
 PATmtx setmatrix 
 fhpatdict dup   
 /PatIMtx get   
 PATmp     
 PATsp     
 /clipper load /eoclip load eq PATfill
 restore
}bdf
/pS{
 fhpatdict begin  
 /PatData xdf  
 /FHPatColor xdf  
 end
 save
 PATprestroke    
 PATmtx setmatrix
 gsave 1 setgray stroke grestore
 fhpatdict dup 
 /PatIMtx get 
 PATmp 
 PATsp 
 PATstroke
 restore
}bdf
xt not {yt restore} if
xt {/yt save def} if
/macpatstring 8 string def
/macpattint 0 def
/macpatcol [] def
/macpatangle{1 0 matrix defaultmatrix dtransform exch atan}bdf
/macpatorient{1 0 dtransform 0 eq exch 0 ne and}bdf
/macpatcountbits 
{
 0 exch     
 {
cvi 
0 1 8 
{ 
pop
dup 1 and 
0 ne 
{
exch 
1 add 
exch 
} if
-1 bitshift 
} for
pop 
 }
 forall
}bdf
/macpatset
{
 macpatstring copy pop 
 9.375 
 macpatangle 
 macpatorient not{-90 add}if
 {
1 add 4 mul cvi macpatstring exch get exch
1 add 4 mul cvi 7 sub bitshift 1 and 
inverted? {1 exch sub} if
 }
 setscreen
 
 64 macpatstring macpatcountbits sub 64 div
 inverted? {.9921875 exch sub} if
 /macpattint xdf
 
 
 {} st
 fhnumcolors 1 ne
 {
cvc dup length array copy /macpatcol xdf 
/macpattint 1 macpattint sub def 
macpatcol length 4 eq
{
0 1 3
{
macpatcol exch 2 copy
get .25 lt{0}{macpattint}ifelse put
}for
}
{
macpatcol dup 0 get .25 lt{0}{macpattint}ifelse 0 exch put
}ifelse 
macpatcol vc
 }
 {
currentgray 1 ne {macpattint setseparationgray} if
 } 
 ifelse
}bdf
/pF{
 gsave 
 exch vc
 macpatset 
 {filler}fp 
 grestore
}bdf
/pS{
 gsave 
 exch vc
 macpatset 
 {stroke}fp 
 grestore
}bdf
xt {yt restore} if
/pf{closepath pF}bdf
/ps{closepath pS}bdf
n
[] 0 d
3.863708 M
1 w
0 j
0 J
false setoverprint
0 i
false eomode
[0 0 0 1] vc
vms
1843 2023.625 m
1843 2027.422 1846.078 2030.5 1849.875 2030.5 C
1853.672 2030.5 1856.75 2027.422 1856.75 2023.625 C
1856.75 2019.828 1853.672 2016.75 1849.875 2016.75 C
1846.078 2016.75 1843 2019.828 1843 2023.625 C
3.863693 M
[0 0 0 1]  vc
s 
n
1869.75 1992.5625 m
1869.75 1992.5625 1871 2192 1870.375 2270.875 C
1878 2274.375 1881.6432 2279.7517 1881.2083 2285.8102 C
1881.2083 2353.3102 L
1878.9583 2374.4352 1857.3333 2372.3102 1854.7083 2353.3102 C
1854.3333 2285.8102 L
1854.011 2280.1162 1857.5625 2273.75 1864.9375 2271 C
1865.125 2001.9375 L
1864.932 1997.7881 1866.375 1991.875 1860.875 1991.375 C
1860.4549 1989.4761 1860.875 1987.875 1860.875 1987.375 C
1862.1573 1986.4321 1867.9375 1988.3125 1869.75 1992.5625 C
[0 0 0 1] <8000080080000800> pf 
3.863708 M
S 
n
vmrs
1834.79 2236 m
1834.79 1996.5145 L
1838.165 1964.827 1870.6025 1968.0145 1874.54 1996.5145 C
1875 2235.25 L
[0 0 0 1]  vc
S 
n
1837 2246.5 m
1861.5 2246.5 L
1861.5 2170.5 L
1837 2170.5 L
1837 2246.5 L
f 
3.863693 M
S 
n
1840 2170.5 m
1859.5 2170.5 L
1859.5 2015.5 L
1854.4909 2015.5 L
1854.5 2030 L
1844.75 2030 L
1844.75 2015.25 L
1840 2015.5 L
1840 2170.5 L
[0.1383 0.1148 0.1148 0.1891]  vc
f 
[0 0 0 1]  vc
S 
n
1829.375 2239.375 m
1878.75 2239.25 L
1878.5012 2236.8589 1877.3761 2236.3172 1876.125 2235.625 C
1832.25 2235.625 L
1830.6702 2236.5987 1829.7118 2237.8488 1829.375 2239.375 C
[0 0 0 0]  vc
f 
[0 0 0 1]  vc
S 
n
1842.5 1990.25 m
1842.5 1991.4926 1843.5074 1992.5 1844.75 1992.5 C
1845.9926 1992.5 1847 1991.4926 1847 1990.25 C
1847 1989.0074 1845.9926 1988 1844.75 1988 C
1843.5074 1988 1842.5 1989.0074 1842.5 1990.25 C
[0 0 0 0]  vc
f 
[0 0 0 1]  vc
S 
n
1851.5 1999.25 m
1851.5 2000.4926 1852.5074 2001.5 1853.75 2001.5 C
1854.9926 2001.5 1856 2000.4926 1856 1999.25 C
1856 1998.0074 1854.9926 1997 1853.75 1997 C
1852.5074 1997 1851.5 1998.0074 1851.5 1999.25 C
[0 0 0 0]  vc
f 
[0 0 0 1]  vc
S 
n
1841 2004 m
1841 2005.1046 1841.8954 2006 1843 2006 C
1844.1046 2006 1845 2005.1046 1845 2004 C
1845 2002.8954 1844.1046 2002 1843 2002 C
1841.8954 2002 1841 2002.8954 1841 2004 C
[0 0 0 0]  vc
f 
[0 0 0 1]  vc
S 
n
1851 2240 m
1838.8827 2267.3754 1815.2153 2281.0423 1780 2267 C
6 w
S 
n
vmr
vmr
end
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Equipment
Qty
Consumables
Qty

pH Sensor (CI-6507)
1
Buffer solution: high pH
100 mL

Base & Support Rod (ME-9355)
1
Buffer solution: low pH
100 mL

Beaker, 250 mL
3
Sodium hydrogen carbonate, solid
5 g

Beaker, 100 mL
4
Sodium hydrogen sulfite, solid
5 g

Beral-type pipette, 15 cm stem
3
Sodium nitrite, solid
5 g

Beral-type pipette, 2 cm stem
3
Water, distilled
1 L

Beral-type pipette with 1.0 molar HCl
1
Water, tap
12 mL

Clamp, Buret (SE-9446)
1



Test tube, 20 x 150 mm
1
Per Student
Qty

Wash bottle
1
Protective gear
1 set

VOCABULARY
carbonic acid
nitric acid
sulfurous acid

What Do You Think?

[image: image11.wmf]What is acid rain and what causes it? How much change in pH in water do different gases such as carbon dioxide and nitrogen dioxide cause? What is the pH of rainwater locally?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

Water vapor in the air can combine with other gases found in the air. You may be surprised to learn that rain water is slightly acidic. One reason is that water vapor can combine with carbon dioxide gas to form carbonic acid. The natural pH value of rain water is usually between 6.0 and 6.9. Rainfall accumulates in rivers and streams causing a slight acidification.
[image: image3.wmf]

Other gases found in the air can also combine with water vapor to form “acid rain”. For example, gases in automobile exhaust and other gases given off by combustion of fossil fuels can combine with water vapor to form sulfurous acid, nitrous acid, and nitric acid. 

Carbonic acid is formed when carbon dioxide gas (CO2) dissolves in rain droplets of unpolluted air:


CO2(g) + H2O(l)  =====>  H2CO3(aq)  

Nitrous acid and nitric acid result from a common air pollutant, nitrogen dioxide (NO2). Most nitrogen dioxide in our atmosphere is produced from automobile exhaust. Nitrogen dioxide gas dissolves in rain drops and forms nitrous and nitric acid: 
[image: image4.wmf]


2 NO2(g) + H2O(l)  =====>  HNO2(aq) + HNO3(aq)

Sulfurous acid is produced from another air pollutant, sulfur dioxide (SO2). Most sulfur dioxide gas in the atmosphere results from burning coal containing sulfur impurities. Sulfur dioxide dissolves in rain drops and forms sulfurous acid:


SO2(g) + H2O(l)  =====>  H2SO3(aq)
If large amounts of these gases are in the air, the pH of rainwater can drop drastically. Rainfall of low pH values directly affects the aquatic life in the rivers and streams where this water accumulates. Acid rain can also cause damage to plant life. 

This activity has two parts: a LAB part and an optional COLLECT part. In the lab you will use a pH Sensor to measure the change in the pH in some water as the water absorbs different kinds of gases such as carbon dioxide, nitrogen dioxide, and sulfur dioxide. In the optional part of this activity, you will collect rainwater and measure its pH.

SAFETY REMINDERS (LAB)
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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SAFETY REMINDERS (COLLECT)
· Wear clothing that is appropriate for the outdoor part of this activity.

[image: image12..pict]Procedure Outline
In the lab you will make three gas generators (one each for carbon dioxide, nitrogen dioxide, and sulfur dioxide). You will bubble the gas from your gas generators through water, and use the pH Sensor to measure the change in pH of the water as it absorbs the gas. The change in pH created by the carbon dioxide gas will be compared to the change caused by sulfur dioxide and nitrogen dioxide.

[ √ ]
Remember, for more detailed information see Appendix A.

[   ]
Pre-Lab: Calibrate the pH Sensor

Use three beakers (100 mL), the buffer solutions, distilled water, and the wash bottle to calibrate the pH Sensor before you use it to measure pH. 

(NOTE: See Appendix A for more information about how to calibrate the pH Sensor.)

[   ]
A. Set Up the Equipment

Overview

Fill three Beral-type pipettes with three different compounds (sodium hydrogen carbonate, sodium hydrogen sulfite, and sodium nitrite). Each of these compounds produces a different gas when hydrochloric acid is added (carbon dioxide from the sodium hydrogen carbonate, sulfur dioxide from the sodium hydrogen sulfite, and nitrogen dioxide from the sodium nitrite). 

Add a small amount of hydrochloric acid to each pipette, and transfer the gas it produces to a test tube with water and the pH Sensor in it. Use the pH Sensor to measure the change in pH as the water absorbs the gas. 

[   ]
Prepare the gas generators. 

1.
Label three short-stem Beral pipettes with the formula of the solid they will contain: “NaHCO3” (for sodium hydrogen carbonate), “NaNO2” (for sodium nitrite) and “NaHSO3” (for sodium hydrogen sulfite). 

2.
Label three long-stem Beral pipettes with the formula of the gas they will contain: “CO2” (for carbon dioxide), “NO2” (for nitrogen dioxide) and “SO2” (for sodium dioxide). Use the 100 mL beaker to support the pipettes.

3.
Your teacher will supply a beaker containing powdered NaHCO3 (sodium hydrogen carbonate). Squeeze the bulb of the short-stem pipette labeled “NaHCO3” to push the air out of the bulb. Place the open end of the pipette into the powdered NaHCO3. Release the bulb to draw some of the powdered NaHCO3 into the pipette. Draw the powder into the pipette until there is just enough powder to fill the curved end of the bulb of the pipette when you hold the pipette with the bulb end down (see the diagram).

[image: image8.wmf]
4.
Repeat the previous step to fill the “NaNO2” and “NaHSO3” short-stem Beral pipettes with the corresponding powdered compounds.

5.
Get a Beral pipette with 1.0 Molar hydrochloric acid (HCl) from your teacher. 

· (Caution: HCl is a strong acid. Hold the pipette gently, with the stem pointing up, so that HCl drops do not escape.) 


Insert the narrow stem of the HCl pipette into the larger opening of the pipette with the NaHCO3 (see the diagram.) Gently squeeze the HCl pipette to add about 20 drops of HCl solution to the powdered NaHCO3. 


When finished, remove the HCl pipette. 


Gently swirl the pipette that contains NaHCO3 and HCl.
[image: image9.wmf]


Carbon dioxide gas, CO2, is generated in this pipette. Place the pipette bulb down in the 100 mL beaker to prevent spillage.

6.
Repeat this same procedure to add HCl to the pipette with the powdered NaHSO3 (sodium hydrogen sulfite). Sulfur dioxide, SO2, is generated in this pipette. Place this pipette bulb down in the 100 mL beaker to prevent spillage

7.
Repeat this procedure a third time to add HCl to the powdered NaNO2 (sodium nitrite) pipette. Nitrogen dioxide, NO2, is generated in this pipette. Return the HCl pipette to your teacher. Leave the three gas-generating pipettes in the 100 mL beaker until needed. 

[   ]
Set up the pH Sensor

8.
Attach a 20 X 150 mm test tube to the base and support rod using a clamp. Add about 4 mL of tap water to the test tube. Rinse the pH Electrode with distilled water and place the electrode into the tap water in the test tube.

[   ]
Collect the gas

9.
Squeeze all of the air from the bulb of the long-stem pipette labeled “CO2”. Keep the bulb completely collapsed and insert the long stem of the pipette down into the gas-generating “NaHCO3” pipette. The tip of the long-stem pipette should not touch the liquid in the “NaHCO3” pipette (see the diagram). Release the pressure on the bulb so that it draws gas up into it. Store the long-stem pipette and the “NaHCO3” pipette bulb down in the 100 mL beaker.

10.
Repeat the procedure using the “NaNO2” and “NO2” pipettes and the “NaHSO3” and “SO2” pipettes.
[image: image10.wmf]

[   ]
B. Set Up the Experiment

1.
Connect the sensor to the interface. Start DataStudio or ScienceWorkshop and open the file as follows:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

S07 Acid Rain.DS
S07 Acid Rain
S07_PH.SWS

•
The file opens with a Digits display, a Graph display, and a Table display. Data recording is set to stop automatically at 100 seconds.

2.
Calibrate the sensor. (Remember: See Appendix A for more information.)

[   ]
C. Do the Experiment

[image: image13..pict]1.
Insert the long-stem pipette labeled “CO2” into the test tube, alongside the pH sensor, so that its tip extends into the water at the bottom of the test tube.

2.
Begin recording data. After 15 seconds, gently squeeze the bulb of the pipette so that bubbles of CO2 slowly bubble up through the solution. Use both hands to squeeze all of the gas from the bulb. Data recording automatically stops at 100 seconds. 

3.
Rinse the pH Electrode thoroughly with distilled water and return it to the sensor storage solution. 

4.
Discard the contents of the test tube as directed by your teacher. Rinse the test tube thoroughly with tap water. 

5.
Add 4 mL of tap water to the test tube. 

6.
Repeat the data recording process using NO2 gas.

7.
Repeat the data recording process using SO2 gas. 

8.
When you are finished, rinse the pH Electrode with distilled water and return it to the sensor storage bottle. Dispose of the six pipettes as directed.

[   ]
D. Analyze the Data

1.
Examine each run of data in the Table display to determine the minimum pH value and maximum pH value for the water for each gas. Record the values.

2.
For each of the three gases, calculate the change in pH and record it.

3.
Record your conclusion and answer the questions in the Report.

Record your results in the Lab Report section.

Collect (Optional)

What is the pH of your local rainwater? 

1.
Rinse all glassware with distilled water.

2.
Collect water in a rain gauge and pour the water from the rain gauge into a glass beaker.

3.
Use the pH Sensor to measure the pH of the rainwater.

4.
Examine the data and record the mean pH value.

5.
Answer the questions in the Report.

Lab Report — Activity S07: Acid Rain
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Name 
_________________________________ 

Class ____________________ 

Date 
____________

[   ] What Do You Think?
What is acid rain and what causes it? How much change in pH in water do different gases such as carbon dioxide and nitrogen dioxide cause? What is the pH of rainwater locally?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

[   ] Analyze the Data

1.
Use the Table display to determine the minimum pH value and maximum pH value for the water for each gas.

2.
For each of the three gases, calculate the change in pH by subtracting the minimum pH from the maximum pH.

DATA TABLE (Acid Rain)

Gas
Minimum pH
Maximum pH
Change in pH

carbon dioxide, CO2




nitrogen dioxide, NO2




sulfur dioxide, SO2




3.
Use the Graph display to see how much the pH changes for each gas.

4.
For each of the three gases, sketch the change in pH. 

[   ] Conclusion

1.
How does your hypothesis (answer to the ‘What Do You Think? Question) compare with the results?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

[   ] Questions

1.
In this activity, which gas caused the smallest drop in pH?

______________________________________________________________________________

______________________________________________________________________________

2.
Which gas caused the largest drop in pH?

______________________________________________________________________________

______________________________________________________________________________

3.
High temperatures in the automobile engines cause nitrogen and oxygen gases from the air to react and form nitrogen oxides. What two acids in acid rain result from the nitrogen oxides found in automobile exhaust?

______________________________________________________________________________

______________________________________________________________________________

Complete the following:

VOCABULARY

carbonic acid: 



nitric acid: 



sulfurous acid: 



If you completed the optional COLLECT part of this activity, answer the following.

1.
What was the mean (average) pH of the rainwater you collected? 

______________________________________________________________________________

______________________________________________________________________________

2.
How does the pH of the rainwater compare to the pH of the water collected from the stream?

______________________________________________________________________________

______________________________________________________________________________

3.
What factors do you think have influenced the pH of the rainwater?

______________________________________________________________________________

______________________________________________________________________________
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