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1. Introduction

pHoenix Carbon Dioxide Gas-Sensing =2 4=8 994 carbon dioxide, carbonate, “12]il

PN
B

bicarbonateE w211, 7tksl A Es| AA|Ho g FAHs=d o] &} Flow-through cap o=
=l

A =S flow-through applicationol] ©]&3 4= 2l

= AR

712 &

1. pH/mV meter =2 ©]<& meter

2. Semi-logarithmic 4-cycle graph <©°| : MeterE mV modeZ A}&3 Al HATAS

a9 F Qe ol 44
A} 5 Hb7] (magnetic stirrer) & wHE7]-8 244 ") 7] (magnetic stirring bar)

4. pHoenix Carbon Dioxide Electrode, Cat. No. C021501.

1. &9 FrlE 9% SHT
2. pHoenix Carbon Dioxide Standard, 0.1 M NaHCO; Cat. No. CO2AS01.

Az W 1L volumetric flaskel S/HF= = 3 NaHCO3z 8.40 g= ¥+t
235 & FEo] AAE Holau(EeR &850 FolAu A wwrlE ol&3)

Eoaael A B FREE AN FAE G SAS ETAV A

A= e W =t}

[
O,

3. pHoenix Carbon Dioxide Standard, 1000 ppm NaHCOs; as CO,, Cat. No. CO2AS02.

Az WH 0 NaHCO; 1.91gS ¢t 5dst o= =o S F=H|gr}.

4. pHoenix Carbon Dioxide Standard, 100 ppm NaHCOs; as CaCOs; Cat. No. CO2ASO03.
Az W 1 NaHCOs 0.084gS 919 sdg WHow mo] Fhlgtt

5. pHoenix Carbon Dioxide Buffer Solution, Cat. No. CO2IS01.

©

Az WY 0 SHFE JPE S 2 1L volumetric flaskell NasCsHsO72H.O(sodium citrate
dihydrate) 294 g Yi ZgAdE S50 [u. FHFE Zad9 ¥4
e o B e o1 % e wHFSPA A HCIS A7Fste] &4 pHE 4.5% St

ANzt FEN 100 meol carbon dioxide buffer 10 ml= 3 7}3kc}.
6. pHoenix Sodium Chloride Solution, 0.1M NaCl, Cat. No. NAOASO1.(d = H3 &)
Az W - FHSFE AT AL 1L volumetric flaskel sodium chloride 5.8 g& Y& &
ZHaaE 59 HAdth THITE ZH2IY FAFEA AY FAE 4
< 3 RS AFE A W S5 &8 EFAATL

7. pHoenix Carbon Dioxide Electrode Filling Solution, Cat. No. CO2IF01.
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NEE FHE ¥ e R 3 SA1 SART. AlRek dSAbele] &k Yol ol FojARE F
T ARbEet ASS S0l YolEth. 25TolA Ho|AE FoJFE w, olitatgtie wwked
45 45 0.5%/min £ AL Ao R AR 2T} A el

MRS A ST 5 3it}L 10M NaOHE #7}ste] ¢FA7](pH 8-9)= WH=il COx7} & 7=

A= s A7) skl 9hdd] 8719 A4S 3] d=th pHE 9714 MR 9

=t Z 23 10M NaOH2| & A &9 % pH<t ALLA Al dIFs W=t

AlE7} 100 ppm CO; WS 2318 A5 w7 = fFelfel "ol ¢hds] A-$-a Co7t W3

HE AL BHE7] e rlE s ] gttt Carbonate”} 971404 HE LA =dEA EA)

at7] wiZol NaOHE H7FstA &=ttt Al&7F 100 ppm CO, ©]/d-& 233 49 A= 100 ml
10M NaOH 1 m(E 3 7}3s}o] ok*Poi THE 31 buffer solutions #H7FsHA] ¥eth S48

Aol o] HikE A|Eol carbon dioxide bufferS 7 7}sle] AkA 313lc},
AlE 2| Fd|

=2317] Al carbon dioxide buffer solutions FF& N3} Alzol| H7}altl. Buffer solution
S HAUtetH BE AT 8N AJ59] pHZF 4.8-5.218 DT o] pH JoA BE
bicarbonate<} carbonate”} carbon dioxide® A= BE WA H4asdn. AA7], B
Ab, &8 puffer solutiono] H7FE A HE A =g Ao =5 o] A gkFo]7] uji-o
carbon dioxide buffer’} H7}5 7] Aol pHE 4.8-5.2% 93o]of 3t}

Buffer solutionS #7}ste] &M Yo &ad 29 HA %2 04M=E 23t} Carbon
dioxide buffer3d 7} $o] &8¥ &4 AA X7 IMET Athd AJRE SHs17] do 34
Atk

Edc9

Carbon dioxide2] =7 <%l+= moles/liter, ppm carbon dioxide, ppm calcium carbonate, =

moles/liter ppm CO; ppm CaCQOs
1072 440.0 1000.0
1073 44.0 100.0
107 4.4 10.0



3abage] opale Aol 7H$-S whafdth. 107°M CO, (100 ppm CaCOs &S 44 ppm CO.)ell A
Z PN = wEEde] FEE % 20 7158 TH(pH 49 501 A).

¥ 2. EEAY 5 - 107°M COdA 10% 2171 A

e pH 4 pH 5
HCOOH 7.5x107°M 2.0x107°M
(formic acid) (345 ppm) (1840 ppm)
CHsCOOH 3.6x107°M 6.2x107°M
(acetic acid) (216 ppm) (372 ppm)
HSO37(SO2) 7.5x107'M 5.0x10°M
(sulfur dioxide) (48 ppm) (320 ppm)
NO, (NO2) 5.3x10™'M 3.5x107°M
(nitrogen dioxide) (24 ppm) (160 ppm)

[e]

A=) a2 dd 7Feidel e 242 37]°lth. Internal filling solution®] §== F357]
e 5 4w wsdn. o3 Wl A9 drift® UERd Ao
th wkeF golo] &3y EAde] A A<l osmotic strength”} internal filling solution?] &%
7F A AlmeE A5 2w Ao 5719 o] F - obf LA|ZF WA &=

Osmetic strength’} W& Al &3 carbon dioxide bufferS 371802 M 252 02 |evelo] 2H3-
ojxth. weF AlR7F 1M Btk 2 osmotic strengthS 70, $A3s7] dol s A 71t 1
Z1} o] Ao & 23 carbon dioxide®] FE7F 107*M o|Ft&E 7FAE A REE strh. wkek o]
3 o] f-= 33X o] 7HealAl Fubw H=9 filling solution] osmotic strengthES WEO 2R =3
g 4 9tk AF9] filling solutionol| Al &3lE =22 WA level> =9 filling solutionol] 10
mll sodium nitrate (NaNOs) 0.425 g2 3 7}ste] 2& 4= 3l

3. 2k o

A= A9le X9 Wl ¢S W] wido] Alset ZF&HS
o] o] FFS W] witol] 7EdF] A
71 Nernst equationo A factor "S"%2 UERJ 1L
o] ®igle] mE o] &2l 7&7] ghelth &=7F
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X 3. X W& A= 71&7]

2% (1) iSi

0 54.20

5 55.20
10 56.18
15 57.17
20 58.16
25 59.16
30 60.15
35 61.14
40 62.13

ol

Hel 7

Carbon dioxided] *Xxo] thd HA=e] mVv 9= semi-logarithmic Folo] 7] 1x10™*M~
Ix17°M 9ol A] 56 mV/decaded] 714&7]9] UdAME d=th(ad 2 Fx).

1x10™*M ©]/39] carbon dioxide §=clA= Aol AT AR Ehubdich (2% olulel] A
= A9l kAol 95%0 Egd}). o] FE oA e Alte] ¥ ZHojA| Al carbon
dioxide?] &A= @27} wAlstty, 19112 carbon dioxide %2 W3le] w2 carbon dioxide
A9 1§ AlZHS YERdT

I 1. COrsle sl mE A= 78 ARt

0 \
1027 107°M CO»
-50 I
electrode
potential -100 1027 10™M CO,
(mVv)
-150
107 10°M CO;
1 2 3 4
time (minutes)
HAZE otA
-~ . . = = T -2
=% carbon dioxide &AM £ FxolA A= HEIAE Ix107°M o)L F5-olth &
Aol FL7F 1x107°M o]4d 79 carbon dioxide’} ¥712 wiEA E£AF =R vk carbon

4 22 5 7k pointoll A A=S HAZICH

gl 7t A1x107'M °]3tY g0l HETAS Btk e 59 carbon dioxided] A o]
240 7483 AA 7SS ¥-2E EF v 4 Ark 10°M CO, ©]3te] carbon dioxideZ
ST A 3Fe vxo SA IS o &3ttt

pH &3}

Carbon dioxide =& pH 4.875.2014 A}-8& & gt} ISAZ A&3}
oljje] W= carbonate®} bicarbonate =72 carbon dioxide® A3kA|Z

s
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1. 150 m¢ Bl]o]A| =F5 90 ml¢} carbon dioxide buffer 10 m(E o] wwt7]
dAS S Xioi—rt} Meter’} mV modeZ o] Je=AE Felsta &
3

al

BRE G 438 g4 gelel ol ol 9 1Y
5?4 3 o

YA

m-[o
to T
X
N
=
i

2 ]% 3l 0.1 M 5L 1000 ppm FFE9 1 mE H7Eeth Meteroll
FAIEE gro] HAMNAE mv ghs 715 s
3. 9@)llA AHeE FDE Co, EFEN 10 mE (1)olA FH)E g FH71sth Meteroll
FAE = ghol tAsIA W
4. )¢t (I)lA 7155 ghol zol= Feldn}, g %7} 20 T 25TCEE= 7H4 slold A
=o] &vtE AFadvhd 56 | 3 mve] A7F dojxith. wkeF K)ol Wyt o] oS
Holdthd EAs|Awye g
€75 F%7F 1082 WstE o WEML A91e] Wzt Aeojdrt

2. lon meter ©]-&

1. 0.1 M =< 1000 ppm carbon dioxide ¥ T8N o]&3l serial SJAYHOZ FLE7}t
10vf 2 W3lels $e F9] carbon dioxide ¥+8 92
2 150m! H]olﬂoﬂ FE7F e FFEE 100 me o ISA 1 mE Y AH S o]
B =t}. Meter’} &% mode°] ¢l

ol

3. MeterE =A3 TFgNol wio 9wl meter AZX3|ALe] A Ao walr] o] S
7

4. A5& SHRFE AF R Az

5. 150 ml Hlo]Ad] =& o] TFEE 100 me} ISA 1 mE o] AXwey|2 9Ad &
w2 AolFHA o Folo] Ao B

7. Meter Az3ALe] AmAel webd o] 718718 etk 7187
2 AFe] 258 vepdtkatel 714717 o] o] ulel 94 srrhw %’:ﬂﬁﬂé e shelgt.

# o]=H9] lon meters °]§d A5 7]7] Al A RAYNE ol8sto] VEv=



Carbon Dioxide | & A

; A EAol = pH/MV meters o] 43 2499 lon meters |43 49 F 7M7) g
59 FFE N o]2A17]= carbon dioxide &9 ISAE WFEOEA Fopxith ARt F
=8 2Ee golopdt

op
12
o
AN
=
o,
v

100, 10 ppm %<+

2. 9oA FAE g F g B SA(10° M ZL 10 ppm) 100 S 150 mlo] L
carbon dioxide buffer 10 mE F7}ste] AAugbr]e] S#si A S22 AHojFE
Meter’} mV modeZ o] JAE=AE Elgt & gdo] Ao EHES Y=tk Meterd

9t gl AW 1 gL A1Swet

3. 3 559 £N(10° M =& 100 ppm) 100 mE 150 meol ¥l carbon dioxide buffer
10meE H7bste] AMunizlel gelsa Aojerh. STRTFE AF5S AHst Azl &

golo] A7) BRES

4. 7V¢ =7}

buffer 10 M= #7}ste] w2

T

Meter®] ¢j+=

ghol ordsiAA 1 S 7|= 3

1000 ppm) 100 mE
Se)Ea Ao Frh

FREE A

150 mlol

-
=
A

231 carbon dioxide
A A ste] 7 &A]?_l

E =
T, & Ao ERES Y=tk Meterdl] FAHE Fho] ehsiAW
5. 9ollA ¥oJ% dataE semi-logarithmic graph &o] $lol F=(7I2 F- ijeﬂaﬂ) tﬂi}oﬂ
2 mVAIR F)E FAE a2g=2E i O3 21 dubEel w

2] g el A _HJ*%H—"— ﬁ%*%}btﬂ 37HA &g Mol F gt HAY
point= ﬂﬂ%}bt =7 9ol FEEY Wuh v gEgdon FAgr. Ay R
Ae A4 SN l% A HAYP R W s A IS et

6. Ax% 150 m! H]o]ﬂoﬂ AlE 100 meét ISA 1 mE Y AA RS o] &3te] UA3
FLh2 Aofzr. THFR AHste] AR Ao 25FEE §d ¥il meterd] ¢
= gho] SHABIAH 1 S 7Eeth HAFHORRE AR FEE Fait)

% 2. Carbon dioxide =9 ®A=A

~56 mv |

-50 ="

electrode -100 (ppm as CaCOs)

potential /// |
(mV) 100 100

-150 e o

(ppm as COy)

10™ 107° 1072

CO. concentration (M)
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—2A%vheh Al mAEok Stk Aol A Walt gtk b sl AT F7

EF G Y meters] gt glol AT Sl BABNN /S gt o] 3

Stk 0.5 mv ol Aelzh UL AeelA wagthe fle] 2-5 wAlE ukEsiol
H

e vl A zo] AN slof aet.

{0

o, o
H

r HOH

mx do off L
Kl
o,

o2
o
O

=
1. 0.1 M, 1000 ppm #F=E& A& serial 2Asto] o Fs= Ao skok MRT REE&AE
271 o] FEn)Eit). $o] TF8 100 méol carbon dioxide 10 mE ZHzfel|
2. 9ol #=Hjek 7 Re8d F
e g AHojFEth. Meter’} 5% mode®
3. A9 5SS g9 =t
4. Meters = ot
3| ate] Aol wekA memorydte] &
I
=

5. SRR 459

O, EF899 Fxo] g metere] ¢+ kol HASIAW meter A%
al

AZAZ A=S 100 mb THF59 10 mt 2k ¢

NS xFe= &9 Yo metere] ¢l ghol A NAA meter A Z3|ALS] AT A o
w2} A meterol] BFEEES aLg A Tk

10. 150 m¢ H]o]# ol A& 100 m¢$} carbon dioxide buffer 10 mE Y il AA w7 S o] &3}
o AdAT HE2 AHojFErh o AT EHES Yil metere] ¢l gho]l HAIAH
meterol| XAH = FEE

11. A5S 2A1zkui} opA] BAgsof ok, Ao A Wiyl qltkE 7Hg Sol A WAl carbon
dioxide EF& e A= d=rh e whol HAEH 9o SAZNA 7IFH 3 o] %k
S Bt 0.5 mV © 17} AW Aol gigtsttiy 99 2-6 TAlE wHE 3} o

At BAS wd AZo] Aol g,

¥ o] ~Ho] Jon meters ©°]8& AHg 7|7] Aol A B L SHUHSE o] &g

o
—|—(‘

[}
N

6. 8= ol&E

ANZo| x=
—_ 1 ]

pHoenix Carbon Dioxide Gas-Sensing Electrodeol| X Z1=r2] filling solution®.ZH-E A58
h=

S BEsted 7AS F5 £ JE membrane ©]-&3% -t} Internal filling solutiond} A

=

Mol A Zzbe] CO, H-E¢to] Ho w=gddd wjrtx] A ZEEMo)A LalE carbon dioxide:

ol
&

membrane< S3 gHikgitt
MembraneS 53+ carbon dioxide?] 42 internal filling solution® 4 o]&Fko] A3
=t

CO, + H,O = H" + HCOs"



F2~0] L bicarbonate ©]-<, carbon dioxide, 7128]3 H,O Alo]¢] #A = WESAo) o)) Fo] Xt}

_ [H'JHCO;1
constant = [COZ]

Internal filling solution®] ¥ 5%2] sodium bicarbonateE *¥3}3}7] wit-o bicarbonate ©]-&
o FEE AR ALY ¢ o Aoz,

[H'] = [CO2] x constant
i 71 84} T&E’d%}@] A=) sensing element®] 9= T4 o] FEo] W] upzhA
Nernstian %

4714 E = 248 A3 A9
Eo= 71249 (39)
]

T4 o]2 %= carbon dioxide? FEof AAH o7 38 Hby] wFo] carbon dioxideo| T
3t A=o] 7488 Nernstian A& wEr)
E = E1 + S log [CO:]

Carbon dioxide | ststxol MA

Carbon dioxide= 1714 & H<|*] bicarbonate} carbonate= =43t}

CO2; + OH™ — HCO3™

CO; + 20H™ — COz + H,0
4Mo] pHE carbonate®} bicarbonate ©]2] FE|2 EA|3}= carbon dioxide] ¥l IS
t}. pH 5olA], &e] ®E carbon dioxide:x CO, & E| & &=},
pHE carbon dioxide =7 A}8% <+ carbon dioxide bufferol <J3] 4.8-52= S Al
carbonate®} bicarbonatet= CO, HE|= H3t¥ )

2H" + CO3™? — COz + H20

H* + HCOs™ — COz + HZ0

MN

LMo A carbon dioxide, carbonate, ~12] 1L bicarbonate?] HA| %S =AHT = Qi)

M3 88

2}el7} carbonated 2.2 carbon dioxide2] $Hi-F

9}¢13} carbonated & EE (2x107°M =& 880 ppmirtP)ES %9 carbon dioxideE X33t
o ayEs AsE 43 & %Xé?}ﬁ}. ARE FHIEIS W, SA d7Ido=E vHEA oW
CO7} ¥7|2 WEHrh (A= BaAUHS IAs)). ARE 4% F carbon dioxide buffer
2 Ak 3lsttt.  Carbon dioxide?) %“EE A ZHoR AAAYG (SAWHES g}, nhH
oo 2 dilution factorZ Al4ke] 2o} carbon dioxide? FEZE A4kt

]E‘.X]—x]&]— =H] g —8— ‘Z—EPr—Ecoﬂ A 7|3 e FHlgHS Felgtth

- 10 -



1. 574 WRjel s ol webd meters BT
2. Nfel §712 AAmiA A AR 10M NaOHE #7bste] pHE 100402 gt
3. #Jolld =H]lE AlE 10 mlE 100 ml volumetric flaskoll Y1 S/TE Zgh~79 EAH
w7 A A9 S AA T EeaaE EE50] 895 ZFAIX ol 150 me H]o] Ao &of
< &1
4. £NE AR L8Ea dAS £r 8 #o]FEr). Carbon dioxide buffer 10 mlE
Arbete] A% AojFErh. ol AFe] BRES ¥il meterd] ¢l Fhol hgsiAwW
mV & 7l o HAIHowRE S54H v A4S
5. t3 Ab&-3le] carbon dioxide Al#9 HEE AAFeT)
Vs + VneoH
Cs = 10 x X Cm
Vs
o714, Cs = Al=9 FE
Vs = NaOHE #H7}sl7] A A5l H-5
Vneon = A& 71 NaOHS| -3
Cn = 5449 5%
o> A& 360 m¢o] 10M NaOH 12 m¢E #7}stty. 100 ml volumetric flaskel] ©] &3+& 10 ml
& F7tetal SRR Fokaae ZAFEZMA QY XA ARl NaOHO #H7tel A &9
M st (1e] Aol s digst]) AA AR ks SAE veE AAET

360 + 12
Cs =10 Xx — x Cn
360

Cs = 10.33 Cny

A|3F=2] carbonate $F

A& vgkEo 4 free CO,, bicarbonate, 123l carbonate -# A carbonated] - 914,

e,

A

Zel, melal pHell FFE stk S e BHe o] 83te] A5k vithEe]
carbonate®] FXE AT 4 vk Solu vkl FHelxl Aln= AN testslr] 4
o

o Almel wybgyol AWe el webd na.

%7} & Ammonium Hydroxideol|~] Carbonate] =%

Carbon dioxide= 47| 98] €A 4457 wiEdd %7

B
=

a9

=H]

1.

==

- ammonium hydroxide: &<
=

T t
=% carbonateE X3sHsitl. AHA A WHS WIAA sX=7F & ammonium hydroxide®]

A carbonate?] %S =4 = rd. AbAlEdlo] 10,000 ppm E S-S HUlEte] BAFAS
= P

o AR FE

=
oo 715 Folz g gl Fulgk
ol

10,000 ppm carbonate, CO32¢] ¥7&9. (£H"%) 1L volumetric flaskol]l +HF5S ut
A% -1 14.0 g9 bicarbonate(NaHCO3)E H71ete] wA7 S wj7bA] %F/}~ &
e TRTE FHaal sAFEA A &4E AT ekl nplE §ho
AR oy W 5o §HE AojEh

- 11 -



2. 3M sulfuric acid reagent. (H%#) 1L volumetric flaskel]l /45 AR A$- 5=
H sulfuric acid 167 mE #H7Fstty.  <529], sulfuric acidE #H7lsl=d 4 o= 2o
A H7tste] A EEoEth> TRHTE e BAIFEZHA A E9S A2
o8 YAt Zepage] wplE gt oy ¥ floteE EEo] &8 AlolEth

= 5 ?} g AolErh. & d=e] RES ¥

Folx Aol wl EF§4(10,000 ppm)S H7REth H7E Fol mv

ot FE(IEF) WE mV A HZF)E semi-logarithmic paperel] 7
= A

Fhe ARE A7) wEed AA 529 11ujoltt

2. TF& 150 m¢ H|°]AH] 3M sulfuric acid 100 m(E ¥ il H]o|AES A unkr|2 AA43HA A
offth A=e ERis &l ¥l AEE 10 mt H7Ested metere] ¢i= #ho] M3
A mV @ 71580 BASHAORNYY s A%

7 Ao FH Az e
1 A 0.1 ml 109.9 ppm
2 A 0.9 ml 1089 ppm
3 B 10.0 m¢ 10900 ppm

A =1 m{ graduated pipet
10 m¢ volumetric pipet

(o8]
1

g
tt.
1. Meter
Meter= @2H5 AAZ & = 7P 7124 AR Itk tiF-22] meter= Aol U=
AAE gk V7R Aesa SAES 9 dastth kel dWE WS agste] XA
kel o] meter7t AEeteA 1Ea BE @ACA AATAE FAd)
2. frel7]
et SA4S M AR wElvlae daedolth. wElvlvE FAAAAIR ARl AlH sk
T2 &ds] AHE F AxAA 2%Es 48] AAH
3. A=
Z ol .
1. A=9] 712718 #dske HAAM SHE ARESleA S
2. mbeF =] ghgol dd whE "ojdud, SAHA woAR A= AeE AEsS
ol 7171 vl FAd
3. Whef Aol obHm AlAlE whel Fo] AFH A ehevhy, A=) Wiy EAe] 2l 3
of x[Alglnpel ol hEY ol A=) b5 wA7F utEA gsteAE St
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8. Carbon Dioxide A=¢] 7|E %] EA]

FE U9 1 1x10% T 1x10* M CO;
( 440 ppm ~ 4.4 ppm COz )
pH H¢ : 48 = 52 o
2= W9 0 750 T
Ui =A4e] A @ ~ 1000 MQ
AEAAE i 2%
7] : do] - 110 mn
AE - 12 mn
AelE o] : 1 m
B . 4524 0.1 M NaCl &9 w3t}

8. vl Ba g A=

P/N a8
CO21501 Carbon Dioxide Gas Sensing Electrode
COZ2MKO 2 Carbon Dioxide Membrane Cartridge Kit,

box of 3 membrane cartridges and spare o-rings
CO2IFO01 Carbon Dioxide Electrode Filling Solution
CO2ASO01 Carbon Dioxide Standard, 0.1M NaHCO;
CO2AS02 Carbon Dioxide Standard, 1000 ppm as CO»
CO2ASO03 Carbon Dioxide Standard, 100 ppm as CaCOs
CO2I1S01 Carbon Dioxide Buffer Solution, 1M Citrate Buffer
NAOASO1 Carbon Dioxide Electrode Storage Solution, 0.1M NaCl
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