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INTRODUCTION

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for
the HP fully programmable calculator user. This service is designed to save you time and programming effort.
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in
terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first
handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-
ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs
were accepted and made available. This overwhelming response indicated the value of the program library and a
Users’ Library was then established for the HP-67/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed
to save you time and money. The Users’ Library has collected the best programs in the most popular categories from
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting
in substantial savings for our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a
great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program
Description |l page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to
the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent
information about data register contents, uses of labels and flags and the initial calculator status mode is also found
on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,
“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and
Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). |If the calculator indicated differs from the calculator you will be using, consult
Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but
some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s
Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your
program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have
recorded the program. This simple step will protect the magnetic card and keep the program from being
inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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Program Desecription |

Program Title PH OF WEAK ACID/BASE SOLUTIONS BY NEWTON-RAPHSON ITERATION

Contributor’'s Name Alan J. Rubin R RS
Address 2577 Kenview : B o

City Columbus _ State Ohio _ ZipCode 43209
\_

~

Program Description, Equations, Variables A flexible program for the calculation of the J?,H,,,_1

of a weak acid or a weak base solution by Newton-Raphson iteration of

x3+Kx‘2

- (KCHE )% - KK = £(x)
- (KGHK )x = KK

where x, K and C are (H'), K, and C_, respectively, for weak acid solutions or (OoH )’f

Kb’ Cb for weak base solutions. The first estimate of x in the iteration is

- 5
x, = (KC+ K )

To calculate the pH of a weak acid solution, K_ (after conversion from pK , K or

PK,, if necessary) is entered with Key B, followed by C_molar entered into Key D

(mg/1 may be converted to M). Hydrogen concentration is flashed for one second

followed by pH. To recover ,(,H+)’ press A,

To calculate the pH of a weak base solution,Kb and Cb are entered, as above, and

(OH™) is flashed for one second followed by pOH. To convert to pH, press R/S,

calculation by pressing £, D. The error in x, f(x)/f'(x), may be recalled by f,B.

Operating Limits and Warnings

R1 through R6 are used.

( )

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. ./




Program Deseription 11

rSketch(es)

.

(
Sample P'ob'el" S
( ) _ 5

1.) Find the pH of 1.0X10 M acetic acid solution if Ka is 1.8X10

2.) Find the pH of 3.0X10-6 M NH4C1 solution if the PKy for ammonia is 4.75.

3.) Calculate the pH of 0.002 molar KCN solution (pKa = 9,32).

4.) What is the molar concentration of a 150 mg/l solution of calcium if

its molecular weight is 40.

5.) If the K, of a weak acid is 1.68x1o’3, find the pK, .

Solution(s) 1.) 1.8 EEX,CHS,5,B = 1.80000X10™>; 4 A —=1.00X10"%;
D —3.45X10 ~, 4.46 answer
2.) 4.75 A —=1.78X107°; R/S —=5.62%10"'0; p—w5.62x10" 0,
3 EEX,CHS,6,D—w 1.08X10™/, 6.97 answer.
“10 5 5

3.) 9.32 A= 4.79X10 " "; R/S —=2.09X10 ~; B—2.09X10 "}
.002 D—-—1.95x10“‘,3.71; R/S = 10.29 answer.

4.) 40 £,C—=40.00; 150 C —= 3.75X10"° answer.

5.) 1.68 EEX,CHS,3,E—=2.77; R/S—*11.23 answer

L (alternate: 1.68 EEX,CHS,B,f,E—"'5.95X10_12; E—" 11.23 answer)

.

-
Reference(s)

J.N. Butler, "Ionic Equilibrium. A Mathematical Approach,"
Addison-Wesley, Reading, Mass., 1964.




User Instruetions

Kf

PX-?X
—>L 0 [§x)

Mw 1

Prl oF WEAK AUD/BASE SocvuTlods

molb>M  C—=pH x>

—poH X > X,

2P

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

[ | Load side 1
2 | (Optroval) Enter moleclor weight MW
3| Cac.or PN oF Wegwe Aap Soconon)
a| Enter ra directiy K
al| or aftr conversion of L4 plra
& or  aftr eonversion ot A4 a3
a | or after cowersion of pk, pKe
b | Enter molar corie. dlrec'f"/a <o |
b | o after conversion from ma/£ Cone. . Mj/ﬁ-
S | cacc. oF pH oF wWanrx BAss ” SoLuTion
C | Enter }(,__ dlfec+l‘1 Kb
e | o after conversion ot e Pl
c | or after conversion o‘F <a_ Ka
¢ | or after conversion of oK, Pra
A |Enter— molar conc. . dcrea-m 4
A | or after an_d_mgll Cone.. mg/€
€ | onvert pOH —o ph
4 | Gonvert ;'/J Yo CHY) pH

or P/v’ Yo SOHT] pH

or PH Yo pdﬂ IpH
5 |n de/&mme, crror of celewlation
& | 7o sves n/v/ or'oﬂ(/
T | Convert pﬂ// - oo o+ ,o/f Y.

/ar rewise) PK;‘

o (H¥] +o $OK-] o Ax Ho A
lor Fererse) LoH-]
¥ (HY] or foH-] s d/k,g/%egé for one

Seeond followied é_«.} pH_ar ,aOW

(10
|l ¥ ][ < |
]l l
L&l |
| All & |
| £ || & |
R |
| A I R[s]
| & || |
- |
e ]l DO |
1]
& [ |
| All & |
| £ |l € |
- |
| A J[R{s]
- ]
Il ]
lc |l p |
IRis|] |
AL ]
| A |IR/s]
£ Il A
| |l B ]
| £ | B |
£ 1A |
| £ 114 |
] |
| £ Il & |
] |
I N .
| N |
| | I
| |
l N
| I |
| N
| I

o.o00

MW

pH *
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67 Program Listing |

COMMENTS

KEY CODE

STEP

KEY ENTRY

KEY CODE

COMMENTS

001

Lecn | 3 3; | Cnvert -ﬁku%?’ % 054-
Cie 2 X ?i S
Lo* 32 53 pla > 4 s> 2 2% oz
g s 3z 22 Phot» 4 060 &1o | 27 ol
Rls 84 LH to THY) ot n RTN 25 22,
22 25 |S QB b | 32252 | = Yexe
gMEe'x ey lnﬁm&w‘ge T Y S /-P x)
CHS 4z R and £ ascA 27 22
_ 2_ ol or _ “Ris £ 4 bispar K
o4 OH- RCi { 24 ol
h x84 23S S2 1D a1 h RN 35 22
< 8i £ i |3 25 ol
g Sci 2z 23 ReeZ 24 oz | Newton- Raphson
h rTN 25 22 070 ReL (| 240l  teration
LeoeE | 3125 S| Gnvert —+ o\
toe 3 53 S o pH Rce Z 24 oz
CHS 42 WK o /70/( X Tl
£ XK 32> Ke o A ReL> %4 03
Rls 84 Pre o, - Si
020 qlpe o | 32 25 (| L %4-02Z.
o4 g ceq- 2404
h Xxz=qy 28 S2. /ﬂéi a‘“‘/’“k - St
- ° Si pH st pot 080 Rerz 340z
£ fx 3 23 3 P
h e 3s z2 X Ti
£eace | 3 425 i3] Cucwiase. wmolarity Ree ( 34—20_4
(A=7,8 ) Z o
= o3 frow mgle X 71
030 = 8i + (711
Rci & 24 0k ReL 2 24- 0Z
= Y X 1
g scai 32 23 R¢i 2 24-03
Ris 84 PISAAY Hw 090 - 31
RCL & 3406 - 81
£ ax 3| 23 STOS | %% oS
h Rm 3S 22 h APS 3s &
€ L B | 3 25 (2] enver K Rei 2 34 oZ
ST | 33 oi q o
040 h N 35 22 x o9
glelc |32 2513 enmr MW + &l
ST o 2306 h xX=y 35Sz
L RN 3f22-.4_ 4 X£42, P2 U _|71zsT
£ (LD ]| Bt 25 100 &1ro £ d4.122Z 2 4
Pee | 32401 |CPN o poH Rel z 2402
X Ti \ ReL S 34 0S5
Eox 23 | Calewdates - 51
CHs 42 Consrauts ST 2 | 53 0z
/ ol &S1o | 22 ol ITERATE
050 4 o4 R|s 8+
+ 6/ q (eed |22 25 14—'__.f/~/ or pOoH
Sw3 | 33 03 “Rez 24 oZ .
h Lot x| 35 g2 g Scl 32 22 frou. memory
rcl. [ 24-0|( 110 K pau 8G T2 |Fuasa {x]
X Ti & £ 2Z 15 DI}'MYf)(
SYo 4~ 23 p4-
REGISTERS
4 7 8 9
° 'K [ Hest ekt || KK MW

SO

S2

S3

S4

5 6
foo /550
S5

S7

S8 S9

D
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&~ Program Listing 11 5
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY COMMENTS
170
120
180
130
190
140
200
150
210
160
220
LABELS FLAGS SET STATUS
“oxs ' P K4 Cmgld>H ° CopH |YwpXin-pX TRIG DISP
a .\ c d
PXa<> PXp |"f0/00; K Mw 4 —pPH [° XatrXe 0 DEG O | FIX B
0 used. 2 3 4 1 0 GRAD O sCI O
2 0 ® RAD O ENG, O
5 7 8 ) 0™ n 2




Program Deseription |

4 . j
Program Title A GI'J"' édsc. qwﬁérzam (Jl'f' otic ) W

Contributor’s Name &AQP/&S A//n 57‘0’)

Address ,J'_Ohﬂ Tﬁy Cbl Cat, 445 W 959 3t
City New York state MYs Zip Code /0019

\_ J

( .
Program Description, Equations, Variables ?"Ojfdm G’L"Lgrrmnc.s [Hsafj or PH of a_ w

Solution of 2 dibasiz acid andfov /& sal/fs. Requived input are:
K, and K3 : Fivst and secend equilibriam censtantz v/f& aced .
Ca 'lnctid/ conc. af the acid (H2A Kew z=/x00”"Y
Csuilnitiad cone. of' 7Ae fl'$7L salt (NatHA)
Csat Inctal conc.of B second salt (NezA)

The fo//ow/hT e?twdlu'n.s are wsed (x=LHs0*] )

Mixtecre o/[l‘n o) Epyatren
I 2R x ¥+ K, x* + (K ka=Kiw = KiCo) X~ (Kw K+ 2K KaCa )X = K K, Ka=©
R, M2 A +NaHR x"+ CCS.I +K, )xs"'(Kl’(a' Kw - K«CQ.)xa" (Kukl‘ 2k, KaCQ"'k:KaCSn) x
- Kwk ky =0
3, NA. HA x (Cs.l"' kl)xs"' (Ku ka"'Kw)Xl "(Kwk. +K, KaCs,‘ ) X < K K.Kn =0

I*'NQ—HA"‘”@RA X‘,".' (CS.[* Qci.i* k.)xg + (K|K:°kw * KlC!.i)Xl’<Kwk. *KlKngd )X
— Kwk, Kl =0

S.Nd_a A X“*’ (-2 Csa? K,) X3 + (Kl K~ Kw "‘kqu.z\ xa"k‘vkn X "Kwk' k‘\ =0
Appreximate values Lused as sfar'ﬁhy values fou the cZerative silution) are:
Lox 2 (K. Ca)P 2. x = Kla/Cls 2, x= (Kky )"

¥, x = KiCsa/Csa 5, x= (Kuky /Cs.:.y/:'

Operating Limits and Warnings
The Pe/are.scn?ﬁfu'ns H2A, Na.HA, ete. are wsed m a <frc:wsm./ sense and do
not refer to anyg parficiclan substamce.

\_

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\L _/




Program Desecription 11

r Sketch(es)

(Sample problem(s) What is the H3z0' concerifration
'\‘an'v\\'na 0.09 m Sodmml\
What PH 1 Hhis 7

g—or a solwhian con-
'1é‘-°geh oxq_]cd'g, MJ, 0.0l M oxa.lfc. acﬁcl ?

K, = 5.490x10"%

kgz 6"{0 "/O-s-
C,q"' 0.0l M

Csi = 0.0 M

Solution(s) Kby $+Y'o‘<¢ -

), [¢1CA1 — 0.00 00

2, 5.90 [eex)lcns) 2 [EnTY] 6.4 0[Eex)lens]s [R1 - 5740 -0

3, .o/ L8] - 1,00 -0

4. ,05 [c] - 5,00 -o0a

S, [e] Read LA30*7 >S&,.5Y -03

6, L¢1 [o] Read pH 2,26
\_ J
rReferent:e(s) J. 6. -DIC‘( ’ ,&no._/l.(]":_ca_/ _Qﬁcmisfﬂg, mOGhaJu /L/,// Book (4, /975&
. .




User Instruections

STEP INSTRUCTIONS DA'T'Z'/’S;TS KEYS D;?T%G:r'rs
| |Zoad side L and 2 1T ]
| 2 | IniFralize LF IR ] [0os o0
3 Optional: To step ot Q‘Qgrox.EHaO’] or To Itl [
l ° 1 approx CH30*] L——LI ¢ | ’-°°/°.°° oQ
% |Enter K, value ' K, Nt [ ] k.
S |Enter Ka vealue Ka A | | K,
6 | Enter Ca  Comit if Ca=0) Ca | [BII | Ca
T |Enter Csii (omit ¢ Caqa 20 ) Coam| [ CHI | Csa
3 [Enter Can (omit 1€ C5220) Csam| (DI | Cs.2
Q To set h\otl‘e. “:0" b‘(lc ﬁeg(u._l\;‘;rl&m [ £ ‘I B |
[0 C.omFud“g LHzo*] > * IE | { | 0] M
11 OM'. To conveyt display o '.PH * | & H:DI pH
12 O?'homalf To convert Jl.s%)lm TH20%) t Con-] [ ";,f,] [ E | .QQH‘] m
I3 [For new Case g0 to s‘f‘zp dél. l I |
J¢ K, and Ky ave not to he changed, | N
steps M oand & may be omitted All values ]
c‘—o\' Ca . Cs.n QMJ C.S.a mus’f B( en‘(‘e_uJ {-o* I l ( ]
each vun Le.xu,pf o) [[ - } [L :
*{H30*) may be recalled by Rea || 4 | [Hp0*2 m
° v I
Bl 1€ = mode (s selected : | N
10 Cew\?uwrox CHszo*l lE I| ,,l [H30*) W™
104 (eH_Gov approx. CHs0*] will dspay w)pruse) IR/s [ | |pH
l l[ JI IL ] CH30"1 M
[T
L
.
| N
[
-
l |
LI
]I
[
I |
I
|




67 Program Listing |

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 *IBLO [321 25 00| Save <“ua\-+\'e et‘ Rel & Y oY
STo ¥ 33 oY DSP 2 23 o2 |
51;0 E 33 I5 EZ2 135 2 02 ]I¢ basic mede ut, eon-
S T e LT
¥ - — — —_— B
ipa R by P g T S v
FQ‘ 31 3_3_ + g OF revervee
DSP 8 23 o8 /x 35 42
010 ) o) 3 PTrN 35 22| _ _ _ _ _ _
l ol Y*LBLA |37 a5 11
C#S Y2 | S70 ¢ 33 o4
STo1l 35 33 v 25 53]
RCL Y 34 oY% 070 sro A 33 1
RCL3 3¢ 03 RTN 35 22
+ a ¥(6LBR Pl AF 12
ReL H 34 oY% STo B 33 IR
X = 3 11 I =155 41 oé_ | sum + €n..
RCL 4% o TO + 6l o
020 + g,"‘ sx:y 75 53 ndieator
RCL Y 2% o% RTN 35 aAX |
X ! YRLC BI 35 (3]
ReL | 24 ol sTo C 33 IR
+ bl | 080 2 0| 2 sum te ga
RCL Y 24 o¥ STO+5 |23 &l 05 tndreater
X 71 X<y 78 S5
ReL © 4 00 BTN S a2
+ 6! *LB8LD |3/ A5 1Y% |
RCLY 24 oY sTo D 33 |+
030 Ll. oY ‘+ 0'{‘ Y4 Skw G“'
X 71 STo+5 B3 bl oS ndebey
RCL3 2% o3 XSy 35 52
3 63 RTN Issaal =
X T 0 [¥igL E 31 as /5] g o
+ 6 RCL A 3y 17| 7 4P proper
ReL & 3¢ elk{ 57'033 ;3 0'3 coetlrcients weed
X / ReL o
RCL 2 29 02 X 70
2 o2 570 2 33 02| Complete caeffinrents
040 X 'I; STo O 33 O: ave ealewleted in
o FRY yrrs 2 2| 3ubretine pointed
X 21 sro+2 [33 1 oa|h by Cunchion
ReL [ 34 ol 100 Srox0 133 71 00 indiator (Reg. 5)
* o/ RcL A 24 10 3
-+ g/ X 71
ReL Y % oY Sro ! 33 0o}
XSy 25 52 RCLC 34y 13
STo-4 [33 57 o4 S7To+3 33 6l 03
050 CLX 4y RCLD 34 Y
ReL ¢ 34 oy S7o+3 |33 &l 03
— =2 | S70¢+3 |33 L] 03] .
N D 27 a2y RCL S 34 05 ISteve tn. ndicate
X¥O 3, &1 110 ETD ?) gg 32101 and 40 to &) E""
() A2 Y ya-X4) - Yo
?’?7&-3' 72 23 .80/ 131 25 o) Preper mitinl walue .
neclsnznsd
0 1 2 3 4 5¢ 1en |6 7 8 9
Qo Q, Q, Q; Xn ;{H;VJ \'v:l?u’for Kw Ka
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
B C D E I
A K Ca Csa Cs.a apprex [H30"] Used
1




STEP

KEY ENTRY

67 Program Listing 11

KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

RCLA 24 U 2 oR
RCL B 3Y 12 ] 170 X 1
X U sto-! |33 5] 0!
Sro-2 [33 5/ o2 RTN 35 a2
sro 7 33 o7 ¥(BL 7 |31 A5 07 —-K
Gs8 5 |31 23 Os RCL A 3¢ 1| TKKaCyy * Reg |
RCL 7 34 o1 cL 9 24 ¢
120 vz 31 SY| (kiCq ) X )
GTO O 2R 00 ReLC 34 13
8L 2 131 25 o2 X 71
Gs8 7 |31 22 07| STo-1 |33 51 Ol
RCL A 3v 1/ 180 RTN 35 2]
reL 2 34 09 *18Ld :Las_tL-logx
X 11 , log 3153
5 31 54| (Kik )72 LHS 42
GTo © Fi1 x 31 23 |
*LBL D |31 25 03 Pavse 35 N
130 Gs8 S [ 23 OS] RTN 35 a
GSR 7 [31 a3 o7 *LRLDb |32 a5 12
RCL A 3Y 1 sEF2 3ss1 0
ReL B Y I RTN 35 22
X ol 190 > Bke 225 |3
STo-& |33 s 0 Ff IS 1] ©|
RetL C 34 13 GTO % 22 09
-:— 8” K‘C"/Csd ' o’
&TO O 22 0o SE1 35 S| o)
* LBL Y (3] 25 o RTN 35 2]
140 ReL A Y U/ 8L Y (37 25 09
RCL D ¢ (Y (o) oo
X 27! CF | s 6l O]
STO+2 133 b 02 RTN s axQ
ReLl 8 34 08 | 200 *KBLa |32 25 1
RCL 34 09 EEX 43
X 11 CHS 4a
ReL D 34 (Y 1 ol
i 81 e < oY
NG 3L 54| (Kwk, /e, )1 STo 8 33 08
150 &GTO © a2 00l CLX by
*LBL G (31 AF 06 STo 5 33 oS
Gs8 7 (31 23 o7 CE2 BS &1 O
RCL A 34 1l S¢1 3 Q3]
ReL D 24 1y 210 DSP2 23 o2/
X 21 RTN 35 22
STO+2 (33 &1 0]
Rel 2 34 o4
rcL 34 (3
X 7)
160 RLL D 34 1Y oo
e Bl ]| K, ww/C
&To © 22 00 /Csa
*LBL 5 |31 245 oY
rCL A 2% 11 |=RKK:Ce + Reg) [
RCL 9 34y o0¢ 3
X 71
ReL B 3% (R ]
X 7/
LABELS FLAGS SET STATUS
"k Ky = ® Ce Csn Csa £ Thzot] |° FLAGS TRIG DISP
‘1T [° b © =7 | oy Tow-d |' =7 o D% | pec ®m| Fx O
° Ded Hap ? NaHA  |PwaneNana |* NeA [ b-o e e T
° Ured Nala +Na A || Leed 8 ° cel 3 3 0 X n
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Program Deseription |

4 )
Program Title Weak Acid/Base Titration Curve

Contributor's Name Karl Marhenke

Address 1710 Wilshire Drive - -

City Aptos State CA Zip Code 95003
. Y,
( N

Program Description, Equations, Variables Consider a weak acid, H,'}A. The electroneutrality of
any solution containing this acid and its 1ons requires that o
[H] +[Na] = [OHT) +[H}A'] +2f'HA'] +3"HA3’] +‘+[A']
The [Na ] term must be included once neutrallz.ation is begun; NaOH is assumed to be
the titrant. The acid ion concentrations must be expressed in terms of the dissoc-
iation constants and C, the "analytical concentration" of the acid:
C = Va‘_lﬁa/(va + Vb), where Va = the volume of H)A taken at the outset
ﬁa = the molarity of the H‘+A solution taken

Vb = the volume of titrant added

See any beginning text on quantitative analysis for the derivation of the formulas

for the fraction of each ionic species as a function of [(H']. The results are used
K K_K K_K_K K
here. Let o ., , 1 +12,f1’¢‘3 3x‘+

5: 0 000 Sl 0 4 B CH]

in the equation above, we now substitute its fraction times C:
K CK 2CK_K 3CK K l+CK K K

£H+} + -'fNa+] - w+ + 1+ + 1 2 1 }xh
(i) Qe QrEt 12 qahy? QCH ]

After substituting for Q, clearing fractions and collecting terms (,a, straightforward

For each acid ion concentration]

but very involved process, and one which is hard (for me at least) to do without

errors) we arrive at the 6% degree equation given at the top of the next page.

Operating Limits and Warnings If you make a bad guess for paest and the calculator

iterates until your patience is exhausted, you can press , to halt the process,
enter a guess which you hope will be better, and start again by re-entering your
volume of titrant and pressing m. But make sure the primary and secondary storage
registers are set '"normally'; i.e. make sure that R, contains an integer equal to the|
number of K's entered plus 1., Press E if necessary. (You may have pressed -

& while the primaries and secondaries were switched.)

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FiTNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. _J
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(76 + (K, + DA% + (KK, + (Na"IK, - oK, - K (8"
+ +.3
+ (1(11(21(3 + [Na'JK K, - 20K K, - x1xw)[n ]
+ +,2
+ (K1K2K3K4 + [Na ]K1K2K3 - jcK1K2K3 - K1K2KW)CH ]
+ +
+ ([Na ]K1K2K3K4 - ‘+CK1I(2K_),KL+ - K132K3KV)CH ] - K1K2K3K4Kw = 0.,
The equation is now re-written using the letters a, b, ¢, d, e, and f to represent the
coefficients after the first ome (i.e., 1):
(E*18 + alB*1” + blENIY + c(HN13 + AlEY12 + o[E) + £ = O
The Newton-Raphson method for finding roots of functions is discussed in most beginning
calculus texts. If the polynomial in hydrogen ion on the left side of the above equation
is called g([H']), the Newton-Raphson formula is
+ + ‘(tﬂ+]n)
(2 Joer ® (e ]n T ety
g'([H ]n)
where [B+]n = a trial value of [H'];
CH+]n+1 = a new value of [H*J, closer to the root of the equation than £B+]n was;
g([H+]n) = the function g evaluated at (8"] = [H*]n and

g'([H+]n) = the first derivative of g evaluated at (Y] = EH+]n’
Here, g'(CH']) = 6(E")% + 5alE']" + 4o[E*)3 + 3c[E"1 + 2a0H"] + e.

The iteration process continues, using each value of CH+] generated as the trial value
for the next iteration, until a value for hydrogen ion is generated which differs by
1% or less from the previous value. The last value of hydrogen ion obtained is then
converted to p and presented as the answer, The 1% figure corresponds to + 0,0043 in
the pH, which means that these calculated pH's should agree about as well as can be
expected with values obtained in the laboratory, since junction potentials, activity
coefficients, etc., are not taken into account.

I have studied quite a few of the equations obtained in this computation, not only 6%
degree ones but 5%, 4% and 3rd degree ones (see below). In every case I looked at, all
6 (or 5, 4, or 3) roots are real, but only one (the one of interest) is positive.

If a Paest corresponding to too small a [H+] is taken, it is quite possible for the

calculator to iterate its way to the largest of the negative roots. To prevent an
"Error" message being produced when the calculator tries to take the log of a negative
root, each value of hydrogen ion produced is checked at step 119 to see if it is
negative, If it is, the program returns to LBLa (step 076), the pﬂest is lowered (or

raised, if the calculator is in "base mode") by 2 units, and the iteration process

started anew. The calculator will thus always get the right answer, but the process can
be quite lengthy if a really bad initial guess is made. See the "warning" on the previous
page.

If a trivasic acid, H A is used, K, is zero, and the 6% degree equation given at the top
of this page reduces fo a 5% degree equation:

[6*)° + (K, + (" DETY + (KK, + (MK, - K, - K (")
+.

+ (K1K2K3 + [Na']K K,

+ ([Na*IK K K, - 30K KK

+.2
- 2CK1K2 - K1KV1EH ]
- K1K2Kw)[H ] - K1K2K Kw =0

3 3
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Here g((H']) = [H+]5 + a[H"]u + b[H"]3 + cCK‘ﬁl2 +d(E'] + e and
g ([8*) = 5tE")" + 4alB"13 + 3b0E*12 + 2¢[B"] + a

If a dibasic acid, HZA is used, K3 and Ku are both zero, and the 6% degree equation
given at the top of the previous page reduces to a 42 degree equation:

M+ (&, + D' + (KK, + (Na'IK, - K, - K )CEY
+ +

+ ([Na ]K1K2 - 2cx1x2 - K1xw)sn 1 - x1x2xw = 0

Here g(CH+]) = [H+]u + aEH+]3 + b[H+]2 +cfH) +d and

g'([H+]) = ‘+EH+]3 + 3a[H+]2 + 2b[EY] + ¢

Finally, if a monobasic acid, HA is used, KZ’ K3 and Kh are all zero, and the 6% degree
equation reduces to

tE*1> + (K + (Na*))[EYIZ + ([Na*IK - CK - K (B - KK = O.
Here, g([E*]) = [E*1> + alE*1% + b[E*] + ¢ and
g'(EH+]) = 3EH+]2 +2afEY] + b

The 6% degree equation can not be used for fewer than 4 K's. It is true that f will
turn out to be zero; unfortunately, the remaining polynomial is a multiple of [H¥] and
thus [H+] = O will be a root and this is not the right answer. Thus a separate routine
must be used for each different number of K's entered. The parts of the routines that
are common to all are performed under LBL 8 and LBL 9.

If the weak electrolyte being titrated is a base rather than an acid, the mathematical
treatment is identical. However, the equation that must be solved is an equation imn

[OH™] rather than in [H'], and the role of [Na'] is assumed by (say) (C17]. Subroutine
LBLd converts pH to pOH or vice versa, as needed, since even when titrating a base,
the answer is pH and not pOH.

To get the computation of the coefficients a, b, ¢, d, e and f into few enough steps,

I had to make the program calculate coefficients b through f by means of a loop. I hope
that the chart on the next page will explain how the first part of LBLc does this,

If 4 K's are entered, R, will be 5 initially, and the loop begins with the first columm,
If 3 K's are entered, R, will be 4 initially, and the loop begins with the second
column, and so on, If h K's are entered, it is necessary that Kn*1 and ana be zero.

Thus the initializing step E‘ is necessary to initialize the registers properly.

If the volume of titrant added is zero, the program automatically takesAJE:E as its

first trial [H+]. For titrant volumes greater than zero, usually the most practical
trial pH to use is the one that was obtained for the previous volume (assuming that the
previous volume was smaller than the present one!). It is not even necessary to key
it in, as it is already in the display.
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Sketch(es)

~

Sample Problem(s) For phosphoric acid, H3P04,K1 =7.5x 10'3, K2 = 6.2 X 10_8 and A
K3 =1 x 10-12. Plot a titration curve from 0 to 75 ml of base added for 50.00 m]l
of 0.200 M_H2P04titrated with 0.500 N NaOH.

Solution(s): For a complete solution for purposes of a plot, calculations of the pH
at approximately 45 different titrant volumes are required. For purposes of
illustration the following 15 calculations will suffice:

[f] [E] =mmmmmmmmmmmme 0.000
[C] = 1; Base mode
o T — 0; Acid mode (correct)
7.5 [EEX] [CHS] 3[E] 6.2[EEX] [CHS] 8[E] [EEX] [CHS] 12[E]
50[ENTER ] .2[ENTER ] .5[D] --==-====- 3.000 (number of K's entered)
THEN:
0[A] --- 0.000 Vol. 20.4[A]J-- 20.400 Vol. 39.8[A]-- 39.800 Vol.
1.454 pH 5.527 pH 9.142 pH
10[A] --- 10.000 Vol. 21[A] --- 21.000 Vol. 40.1[A]-- 40.700 Vol.
2.192 pH 5.930 pH 9.832 pH
15[A] --- 15.000 Vol. 25[A] --- 25.000 Vol. 40.8[A]-- 40.800 Vol.
2.637 pH 6.730 pH 10.584 pH
19.4[A]-- 19.400 Vol. 35[A] --- 35.000 Vol. 45[A] --- 45.000 Vol.
3.654 pH 7.685 pH 11.457 pH
20[A] --- 20.000 Vol. 39[A] --- 39.000 Vol. 75[A] --- 75.000 VYol.
4.677 pH 8.483 pH 12.845 pH

L )

Reference(s) "A General Acid-Base Titration Curve Computer Program", G.L. Breneman,
Journal of Chemical Education 51, 812-813 (197-)

Any beginning quantitative analysis text, such as Skoog & West, Fritz & Schenck, etc.

\_ W,
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WEAK ACID/BASE TITRATION CURVE
Base ? ™ K?ﬁ?fs = yeliow
STEP INSTRUCTIONS DATAIONITS KEYS o l?Tlf/S:rTs
1 |Load both sides of card [::j] [“7*7 0.000
2 |Initialize e Jle |
3 |(Optional) Set "base mode" c || 1
" Reset "acid mode" * c (o}
4 |Enter dissociatiuvn constants K, |E K,
(If necessary) K, |E K,
(I1f necessary) K: |E K,
(If necessary) K; |E KZ
S5 |Enter volume of weak acid or base to be titrateg V |ENT?
Enter molarity of " " v n w owm wu M |ENTt
Enter normality of strong base or acid titrant | N D # of K's
6 |(Semi-optional) Enter guess for pH ** pH I | ENT?
Enter volume of titrant added \') IA, pH
7 |Repeat step 6 as often as needed to plot curve
8 |For a new problem go to 2.

*: When you press , whether you get a "1" or

a "O" depends on the position of the program

pointer at the time the key is pressed. It may

be necessary to press twice to get the

response you want (""1" for base, "O" for acid)}

**: A guess for pH need not be entered IF:

1) The volume of titrant is going to be zero

OR

2) The pH already in the display (usually from|

the problem just done) is a suitable pHAs,;

it usually is suitable if the volume to be

entered is greater than the volume just

used.




97 Program Listing |

16
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 sLELC 2l il 357 Rele 36 a6 *Ks+l=Ry; Rynow
aaz  cre 16 21 sc Reset FO to acid mode Zﬁg 2%,? 5 .;:’ ready for step 90
a3 g & @ss RoLr 36 e Koo
@84  FTH 24 @68  RCLA 36 11 [Na']
@65 *LBLA 21 ii 861 + -55
gaé  x=@% 16-43 Vol.=0? 862 F2s 16-51
@67 SFF 1€ Zi 82 Y-setF2 N:leaveit off @63 STO6 is gs  Store ain Ry,
@as FETA -14 (HP-67 user should delete) a6d F35 16-5]
8BS RCLE 36 i 865 RCLI 36 @i K,
ale@  HRY -4] @66  RCLC w13 C
al ¥ -35 6e67 ¥ -33
817  LSTH 16-63 868 75 54 VKC=HT,,,, if Vol.=0
@13 RCLE 6 Q4 a9 Fz27 16 23 8z WasVol.=0?
@14 + =55 @78 5701 2z @1 Y:begin iterations
815 = -24 g71  cros 2z 1z N:use pHege first
616 cToh 35 11 [Na'l—=> R, a7z xLBLE 21 86
@i7 RCLE 36 15 73 RCL: 36 45
a1g  LETH 16-83 74 -35 See p4
@19 z -z4 @75  GT0b 22 16 12
8z8  STGC 35 13 C—R¢ @76 ¥LBLo 21 16 1
821 KT 16-3i arv 2 gz
ez 5708 3565 pHegt >Ry a7e  Fe7 16 23 86 Change pH,q byz2
823 RCLE 36 86 @79  CHS -2z
824 gTG7 35 @7 Initializp Coeff counter aga ST+8 353-35 @&
825 xLBLe 21 i6 I3 @231 ¥LELE 21 1F
B26  RCL¥ 36 @7 882  RCLS 36 @3
827  STGI 33 46 883 G5Bd 23 i6 14
@28 ISZI 16 Z6 46 @34  CHS -z2 "
@29  RCLi 36 45 @85 18* 16 33 [HY=10"°
@38  RCLA 36 11 G8E  *LBLI Z1 &t
831 + -55 @87 Fas 16-51
@32 DSZI 16 25 46 @88  ENTH -2
633  RCLI 36 46 Caleulate coeff's. @89 ENTT -Zi Load stack with [H']
634 RLLL & i (See p 4 for 896  CTCi 22 45 Use correct N-R routine
35 x 37 additional explonation) @91 #BLS 21 85  Routinefor 4 K's
636 - -45 a9z é T3
@37  RCLi 36 45 a9z x -35
a3g -35 894 RCLé 36 66
839 EEX 23 89s 5 65
@48  CHS iz 896  GSBE 23 @6
ad1 1 di @97  RCLI 36 8l
a4z 4 a4 998 4 a4
#43 - -45 899  GSBE 23 6 ‘ *
B3 e 2 16 099 GSB5 236 Start forming f (7]
845  DSZI e 25 46 181 ey @3
@46 G706 22 BE 182 ESBé 23 86
@47  RCLT 36 ar 183 RCL3 36 83
@48 X1 16-41 184 b Gz
849 N -41 185  GSE6 27 8g
as5a Fes 16-31 186  RCL4 36 84 y
as1 STGq 35 45 187  GSB& 23 a&
852 25 16-51 188 RCL3 36 63
853 7 a7 189 GSBT 23 @7
@54  STOI 35 46 118 RCL4 3 84 Continue forming f((H])
@55 0SZi 16 25 45 111 BSET 23 67
856 6TGc 22 16 13 112 RCLS 36 @5
REGISTERS
O#K's+ 1 1K1 2 K2 3 K3 4 K‘+ °> 0 0 "Counter 8 pHest %H‘*] trial
S8 S9
S0 a St b S2 c S3 a S4 e S5 ¢ S6 g' ([H+]%7
B C D E
[Na+] gh c XL _rg \' Control
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STEP KEY ENTRY KEY CODE COMMENTS KEY ENTRY KEY CODE COMMENTS
113 6Ly zt 85 Finish forming f((H']) 169 3 a3
114 + -85 - 178 GSBé 23 a6
115 RCL6 36 @6 RCL f'(LH*D 171 RCL2 36 8z
116 F2s 16-5 172 : 8z
117 : -24 . 173 GSB6 23 86
118 - -45 Forms [H*],., 174  RCL3 36 83
118 x@s 16-45  Is [H'] negative? 75 GSBE 23 @8
128 8T0s 22 16 i1 Y- start over w.new pHeg 176 RCL3 36 83 N
121 5708 35 85 N:continue 177 GSET 23 o7 Contmueformmg f(CHT)
122 xCH 16 55 178 RCL4 36 84
123 ABS 16 3i 179 €709 27 as
124 i @i 188 *LBL3 21 83  Routinefor 2 K's
125 H£¥7 16-35  Is 1% <|%CH|? 181 4 84
126 SFz 16 21 B2 Y:setFZ N:leaveit off 182 X -35
127 RCLS 3o 8% RCL [H*7 183 RCLé 36 ga Start formmg f(HT)
128 FZ7 16 23 82 Was 1% €|%CH)? 184 3 63
129 ETGI 22 8l Y: do anothey- iteration 185 NN &3 d6
136 LOE 1€ 32 N: [H*1—>pH 186  RCLI 36 81
131 CHS -2z 187 z az
132 GSBd 23 16 14 188 GSBs 23 @6
133 PRTY -14 x 189 RCLZ 36 82
134 SPC 16-11 P ’67“39',5h°“'d delete 196 GBS 23 88
135  RTN 24 191 RCL3 36 63 Continue forming f(CHT)
136 #LBLd 21 16 14 192 £T09 22 @9 ¥
137 F8 16 238  Acid mode ? 153 ¥LBLZ 21 82 TRoutine for TK
t:g  KTN 24 Y. leave pH alone 134 3 83 0
135 1 8 N |4-bH =pOH or 195 -35 Y
e y ” 1 P OHp= HH 196 RCL % o Start forming (D)
141 xav -4; pUR=p 197 2 8z
142 - -45 198 GSES 23 as
143 RIN 24 199  RCLI 36 81
144 x¥LBLS 21 @6 268 SFZ 16 21 82 |Cousel " q
145 = -35 K 281  GT08 22 66 Btfyt" exit to BL
146 ¥LELT e g repeatedly ws 282 xiBle 21 16 15
147+ -55 ,-,f?:}yn%pmia, y used 283 CLRE  16-53
145 N -35 ; 284 1S5Zi 16 26 45 G
158 ¥LBL& 21 86 286 *LBLE 21 15
151 + -55 287 ISZI 16 26 46
12; Hzgz ‘15_‘;‘: Steps common toall :gg b;#,’, ¥ 4:‘: Ki=R,
154 RCLE 36 @6 :m’:‘,’zt:‘:“ﬁ':'jffons 216 klELD 21 14
155  GSET 23 o7 0 €s and stc 211 STOB 35 iz
156 riL:  wae  Q *J)'"Ré»‘;e s 212 R 51 |Ng™Rs
157 GsEr 23 a7 Computationo ) 213 xRy -4
156 RCLZ % 6z 214 STOD 35 14
153 Fz7 16 23 &2 . 215 X -35 Vo= R,
168 cTos 2z gs T AsetinlBLZ only 216 STOE 3515 | 40
161 GTO7 27 &7 ¢ 217 ROLI 36 45 |ta e
162 ¥LBL4 21 84 . : Z18 ST+@  35-55 @@ !
163 5 gs  Routine for3 K 213 RTN 4 |[¥Ks*I=R,
i64 -35 226 xLBLC g1 13
165 FRCLE 36 @@ i 221 CF@ 16 22 @8
166 p 84 Start formmj £(CH J) 223 i a1 Clear FO to base mode
167 &5B6 23 86 223 RIN 2
168 RCLI e 8l | | I 1
LABELS FLAGS SET STATUS
SHtVapH  PpHoN-R [“Base?  [VtMIN |k ;K K, [°Acid modd| FLAGS TRIG DISP
H+]<0 b d S B ON OFF
aE‘es 't used ¢ used pHR*pOH [®Start o ® O DEG FIX
0 1 2 3 4 2U 1T 0 @ GRAD O scl O
Sused . N-R start|” mono. _ di. - tri. ; sed — BAD . O ENG O
quad. X + X + X N-R mid. N-R end 3 0 ™ n3
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Program Title

Contributor’s Name
Address

City
\_

EQUATIONS OF STATE

State

HEWLETT=-PACKARD
1000 N, E. Circle Blvd.
Corvallis, Oregon

N

—
Program Descriptic

This card provides both ideal gas and Redlich-Kwong equations of state. Given
four of the five state variables, the fifth is calculated. For the Redlich-Kwong
solution, the critical pressure and temperature of the gas must be known.
They are not needed for ideal gas solutions.

Values of the Universal Gas Constants

MATERIAL.

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM

| ValueofR Units of R Unitsof P | Units of V | Unitsof T
8.314 N - m/g mole - K N/m? m3/g mole K
83.14 cm?-bar/gmole - K bar cm3/g mole K
82.05 cm?-atm/g mole - K atm cm?g mole K
0.7302 atm - ft¥/Ib mole - °R atm ft*/lb mole °R
10.73 psi - ft¥/Ib mole - °R psi ft¥/Ib mole °R
1545 psf - ft3/lb mole - °R psf ft3/lb mole °R
Critical Temperatures and Pressures
Substance T, K ! T, °R P, ATM
Ammonia 4056 | 730.1 112.5
Argon 151 | 272 48.0 |
Carbon dioxide 304.2 } 547.6 72.9
Carbon monoxide 133 239 34.5
Chlorine 417 ‘ 751 76.1
Helium 5.3 9.5 2.26
Hydrogen 33.3 | 59.9 12.8
Nitrogen 126.2 i 227.2 33.5
Oxygen 154.8 278.6 50.1
Water 647.3 | 1165.1 \ 218.2
Operating Limits ar Dichlorodifluoromethane 384.7 ‘ 692.5 E 39.6
Dichlorofluoromethane 451.7 i 813.1 | 51.0
Ethane 305.5 | 549.9 48.2
Ethanol 516.3 i 929.3 ‘ 63
Methanol 513.2 923.8 3 78.5
n-Butane 425.2 765.4 37.5 |
n-Hexane 507.9 914.2 29.9
n-Pentane 469.5 845.1 33.3
n-Octane 568.6 1023.5 24.6
Trichlorofluoromethane 471.2 848.1 ; 43.2
1 S
\.
r D
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Program Title

Equations:

Contributor’s Nam« Ideal gas:

Address PV = nRT
City Redlich-Kwong:
\_ p = nRT a

(V=-Db) TY2V(V +b)
r — 1-5
Program Descripti a =494 bnRT.
b = 0.0867- "5 L

c

where:
P is the absolute pressure; o
V is the volume;
n is the number of moles present;
R is the universal gas constant;
T is the absolute temperature;
T, is the critical temperature;

P. is the critical pressure.

Remarks:
P, V, n and T must have units compatible with R.

At low temperatures or high pressures, the ideal gas law does not represent the
behavior of real gases.

No equation of state is valid for all substances nor over an infinite range of  —
conditions. The Redlich-Kwong equation gives moderate to good accuracy for
a variety of substances over a wide range of conditions. Results should be
used with caution and tempered by experience.

Operating Limits . Solutions for V, n, R and T, using the Redlich-Kwong equation, require an
iterative technique. Newton’s method is employed using the ideal gas law to
generate the initial guess. Iteration time is generally a function of the amount
of deviation from ideal gas behavior. For extreme cases, the routine may fail
to converge entirely, resulting in an ‘‘error’’

Registers Ry, R, and Rgy—Rg, are available for user storage.

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _J
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Sketch(es)

—

Sample Problem

Example 1:

0.63 g moles of air are enclosed in a 25,000 cm® space at 1200 K. What is
the pressure in bars? Assume an ideal gas.

Keystrokes: Outputs:

Select ideal gas by pressing £ @3 until 0.00 is displayed.
o0oOo0n > 0.00

25000 () .63 @ 83.14 8

12008 0 > 2.51 (bars)
Example 2:

What is the specific volume (ft*/Ib) of a gas at atmospheric pressure and at a
temperature of 513°R? The molecular weight is 29. Assume an ideal gas.

Keystrokes: Outputs:

o0 > 0.00
51382903 @ 0.7302

000 > 12.92 (ft3/1b)
What is the density?

Vx > 0.08 (Ib/ft3)

What is the density at 1.32 atmospheres and 555°R?

1.32035558 0 0.09 (Ib/ft3)
Example 3:

The specific volume of a gas in a container is 800 cm?/g mole. The temperature
will reach 400 K. What will the pressure be according to the Redlich-Kwong
relation?

P. = 48.2 atm
T. =305.5K
R = 82.05 cm® - atm/g mole-K
Keystrokes: Outputs:
o0 > 1.00
Solution(s) 305588343230 82.05
Bidso0@80030 — 36.27 (atm)
Example 4:
6 gram moles of carbon dioxide gas are held at a pressure of 50 atmospheres,
and at a temperature of 500 K. What is the volume in cubic centimeters?
Use the Redlich-Kwong relation.
T. =304.2 K
P. = 72.9 atm
R = 82.05 cm?® - atm/g mole - K
Keystrokes: Outputs:
~— o0 > 1.00 )
280 342 83 3 82.05
e
Be@0QA000 — 4695.86 (cm?®)
Reference(s)
How many moles could be contained at this temperature and pressure in 5
liters?
5000 B > 6.39 (g moles)
\ _J

_

)




User Instruetions a

EQUATIONS OF STATE
Rd-Kw? Tc PC

Qn R

STEP OUTPUT

STEP INSTRUCTIONS oaraonrs | KEYS | o ﬂ‘ﬂﬁ‘dfrs = PRI
1 Load side 1 and side 2. ]
2 | Select Redlich-Kwong (1.00)or B |
ideal gas (0.00) using mode ] ]
toggle. oo 1.00/0.00 |
3 If you selected ideal gas in - ]
step 2, skip to step 5. ) J
4 | Input critical temperature T. oo T 7 I
and critical pressure. P. (1] P. 7 I
5 Input four of the following: I
Absolute pressure P a P ‘
Volume v (5] v ]
Number of moles n n ]
Universal gas constant R (0] R }
Absolute temperature T (€ ] T ,]
6 | Calculate remaining value: ]
Absolute pressure 0 P l
Volume (6] v ]
Number of moles n 77]
Universal gas constant (0] R , ]
Absolute temperature (€] J
7 For a new case, go to steps 2, :l
4, or 5 and change values or 1
mode. ; j
]

|
B

T

o e e Mo Mo Mot
| ‘ 1|

|
| A
0o |
L A S SRS NN ) S S

i

|
|

I 1 1 I (
| | | | N
‘ |

i H ' ! I
| ) i i il |
[ S NP Y I S G SN (N SN S S ) S
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22
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@81 ¥LBLe 21 i il . . 857 ¥LBLE Z1 ag Ideal gas solution
@62  FG7 e 23 66 Redlich-Kwong ideal @58  SFi 16 21 @i for n, R and T.
@83 GT0E 22 66 gas toggle. 659 ¥LELS 21 @5
aa4 ] 66 668 RCLS 36 @5
@5  SFE  is 21 66 861  RCLE 36 66
gas  RTN 24 acz -35
@87  ¥LELE Zi e @63 RCLT 36 ar
aas ; i a64 z -24
@as  [FEé 16 27 @6 @65  RCLS 36 86
@16 FRTh 4 a66 z -24
611 ¥iBLe 21 ig iZ Store T, @67 RCLS 36 @5
giz  CF3 1€ ZZ &3 A68 z -24
@13 STOLC 35 iz @69 ST0i 35 45
ai4  RTW 24 878 xLELE Z1 @@ Stop if ideal gas
815 ¥LEic 21 i6 i3 Store P a71 Fa> 16 23 6@ is desired.
@16 CF3 16 22 @3 ce 72 RN 24
#17  STOD 35 14 873  GSEl 23 ai Calculate P by
a1§ RTH 24 674  GT0@ 22 Ge Red1ich-Kwong
815  ¥LEL# 21 1i P code. @75 ¥LBLZ Z1 8z
azeé 5 as 76 F1? 16 23 @i
az1  GT06 ZZ2 66 877 BSEI Z3 @i
Az7  LELE 21 12 V code. @78 XLELG Z1 Ge
az3 13 6 79  RCLE 36 15
824 GTO8 ZZ 8@ 886 RCLS 36 83
@25 wLELC Zi 13 n code. ag1 -35
626 ar 887 RCLE 36 G6
@z7  GT06 ZZ 86 @83  RCLE 36 12
@25 XLELL 21 id R code. na4 - -45
625 & az @gs 5704 75 G4
a3 ETGE 2z o age z -24
@31 xLBLE Zi 15 T code. @87 RCL# 36 i1
a3z 65 @88  RCLS 36 @5
@33 xLELE Z1 66 ags Iy 54
635 STOI 35 46 @91 sT0E 35 @z
aze R -3 @37  RCLE 36 86
a37  STOi 35 45 A3z z -24
838 F37 i€ 23 é: @34  LSTH 16-63
833 RTW 24 @95  RCLE 36 1z
a4a i ai a9¢ + -55
@41 STON 35 435 Dummy 1.060 for un- @a7  sT03 35 83
a4z  ETC) 22 45 known and GTO ijdeal asg B -4
643 ¥LELS Z1 @5 gas. a9 - -45
B44 xLELE 21 86 Ideal gas solution 1e@  RCLS JE @85
845  RCL 36 & for P and V. 181 - -45 Calculate f(P).
#46  RCLE 36 @5 162 GSEi 23 45
847 -35 183 z -74 Calculate f'(P).
A4  RCLY 36 @3 184  S5T-i 35-45 45
a4s kG 185  RCLi 36 45 Loop again?
@58  RCLS 36 @5 186 z -24
251  RCLE 36 @ 187 ABS 16 31
asz X -35 188 EEX -23
853 : -24 183 CHS -zZ
as4  STGi 35 45 118 4 a4
ass  GTO8 22 86 111 X£y7 16-35
@56  HLELT Zi 6 112 G762 z2 8z
REGISTERS B
0 1 2 ]/2 3 4 6 7 8 9
a/T (V+b) (V-b) P V n R T
SO St S2 S3 S4 S5 S6 S7 S8 S9
A B C D E
a b T(_ Pr nR Control
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23
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 KCLi 36 45 Jpisplay result of 169 iz 53
14 RN o= iteration e -Z4
115 xiBLE Z1 e 3P 171 RCL? 36 8z
116 RCLe 36 86 3V 172 x -35
117 ENTT -z 173 - -45
118 + -3d 174 RCLE 36 15
119  RCLE 3 1z 175 x 3=
128 + ] 176  RiLi 36 45
121 RCLE 36 6z 177 - 24
122 X -35 i7&  RIN z
123 KCL3 J6 83 179 ¥LELS Z1 @5 .
124 RCLE 36 @6 188 LST¥ 1653 Display P.
125 X ‘35 151 + _5‘_
lzg RE 53 182 ST0S 35 &5
v = Tew 183 RsS 5
128  RCLE 36 15 184 ¥LBLI 21 a1
129 FRCLS 36 @s 185 RCLT 36 87 Calculate a and b.
138 X -35 186  RCLE 36 66
131 RCL% 36 a4 187 N 3=
132 KE =K 188  STOE 35 15
133 = -Z% 189 . -5 |
13 - -4 19@ é 8é
135 RTH 24 ia1 &8 a5
136 ¥LEBLS 21 @% P 192 g iy
137 RCLE 36 13 35T 193 7 &
138 RCL4 Je @4 194 RCLD 3 14
139 z 24 195 z -4
146 RCLZ 36 @ 196 K29 -41
141 z 8z 157 RCLC 36 13
142 = -4 198 X -35
143 RCLS de 85 199 % -35
144 : -4 268  STGE 35 1z
145  RCLe k{1 281 LSTN 16-63
146 < -Z4 282 X -35
147 RCLa 36 @3 283 RCLC 36 13
148 % -24 284 VN 54
148 + -53 285 X -35
156  RTN 24 206 g 34
151 *LEL7 21 &7 267 ) 62
152 xlgLs 21 86 oP . 2P oac 5 e
153 RCLS &8s on R 289 3 63
154  RCLE 36 éc 218 4 a4
155 X -35 211 % -35
156 RCLS 3 @4 21z STOR 35 i
157 nE a3 213 RN z
158 : -24
159  RCLE 36 @6
166 ENTT -z1
161 + -55
162 RCLE 36 12
163 -55
164  RCLE 36 13 —
165 < -4
166  RCLE 36 @
167 z -24
168 RCL3 36 63
. L L
LABELS FLAGS SET STATUS
~P P ooy C on O R E o7 ° R-K FLAGS TRIG DISP
R-K?|° T c P ‘ © ' a,b o D Og pec ™ | FIx ®
0 1 2 3 4 2 1 0 GRAD O ScI O
Used _ a,b Iter i i >0 u AAD. O ENG O
P v 7 n R T 3 Calc 30 Y n_2
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Program Deseription |

~
Program Title Van der Waals Gas Law o 4}

Contributor's Name  Hewlett-Packard

Address 1000 N.E. Circle Blvd. v

City Corvallis State Oregon Zip Code 97330

\ y,
( ~

Program Description, Equations, Variables ~ The Van der Waals gas equation is given by
(P +-%1) (V - b) = RT where V =-%

Pressure and temperature may be solved for directly, but n and V must be calculated
from the positive root of this cubic equation in V:

- -2

vi-T bR v
The program solves this equation by fast, non-iterative techniques (see 2nd
reference) and V and n can then be calculated. The critical temperature, pressure,

and molar volume are given by Ve = 3b, Pc = §%Ez Tc = zgﬁR

NOTE: The constant R is preprogrammed and is initially in R3. Also subroutine
e may be of some use by itself as it calculates ¥ x for positive or
negative x.

Operating Limits and Warnings  1€mperatures must be in °K, pressures must be in
atmospheres, volumes must be in Titers.

\_ _J/

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _/
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Program Deseription 11

. - _ﬁ
r Sketch(es)
L , ; _ .#)
( )

Sample Problem(s)
1) What is the temperature of .250 moles of Helium with a volume of 2.00 %. and a
pressure of 2.5 atm. a = .03412, b = .02370

2) What is the volume of 1.5 moles of CO, at 40°K and 10 atm. pressure?
a =3.592 b = .04267

3) What are the critical temperature, critical pressure and critical molar
volume of H2 where 0 = .2444 and 6 = .266]1

Solutions) (1) -034125 43 .023705 [f] [Al; .25 [c] 2.00 [B] 2.5 [[1; [D] --->243.07°K

(2)3.592; +; .04267; [f] [A] 1.5 [C] 40 [D] 10; [A]; [B] -----mun- > .07 2.

(3) .24444; .02661; [f] [Al; [E] ==-=--mmmmmmmmmmccmcccccmeee >.07983 = V¢

12.78 atm = Pc

33.16°K = Tc
_ y
4 )

Reference(s) This program is a modification of the User's Library program #01743A
submitted by Timothy McGrath.
Daniels, F., and R.A. Alberty, Physical Chemistry, 3rd edition, John Wiley and
Sons, Inc., New York, 1966, pp 18-20.

Abramowitz, M. and I.A. Stegan, Handbook of Mathematical Functions, Nat'l Bureau of
\_Standards, 1964, p 17. J




User Instruetions

VAN DER WAAL'S GAS LAW

Initialize

OUTPUT
Load side 1 and side 2 [;:;][;:;;]
L
Input Van Der Waals constants a & b, &
e e s .08
initialize
Input data (any 3 of 4)
Pressure P,atm. A P
No. of Moles n C n
Temperature T,°K D, T
Calculate Pressure A P,atm
Calculate Volume V., Litery
Calculate No. of Moles C n, #
Calculate Temperature D T, °K
Calculate Molar Volume, Vc Vc
Critical Temperature, Tc Te
Critical Pressure, Pc Pc
Optional: Calculate Molar Volume B v

Optional: To Calculate ¥ -x

3

i.e., cube root of a negative no.

NOTE: Calculations may be made in any order

and repeated calculations may be made

without re-entering a & b, or other

values.




97 Program Listing |

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 LBl 21 1€ 11 Initialize: g;g 3 _gj
gz ST0z 35 62 853  STO6 35 ae
Ba3 Ri -31 Store a N b &R 8ce RCLS 36 85
804  STO! 35 @i net ; pa
065 . -62 862 = -24
aas e b9 863 RCLG 36 66
687 & o8 T 53
209 2 8z ee - s
843 6 ba 866  ENT? -21
oie v 2 867 ENT? -1
g1l t ae 868 ¥ -35
953 c E e _‘2 869 -35
6i3  STOS 35 85 gre  ST07 35 &7
a14  RIN ot Pressure 71 RCLS 36 85
o195 alBLe- cl1 Data entry? @7z RCLE 36 68
17 eT0! 22 @1 iy -
- alculate P 874 RCL4 36 B4
@18 GSBS 23 @5 Caleu are - 45
819 RCLI 3¢ 83 ) paivd - e
628 RCLD 36 14 e v
ozl % 3 ers RCLE 36 @@
22 RCLS 76 @9 ove  ENT1 21
623 RCLZ 36 @z oce e e
624 - "}5 8s1 x -35
o5 % I 082 - -45
oz6  RCLI- 3e ol s3  ST08 35 @8
e s e 8s6 RCLT 36 @7
g0 - e es7  + -55
831 STOR 35 1 e ; sq
g3z  PRTx ~14 @39 ST07 35 @7
633 RIK <4 Store P 898 RCLE 36 @8
834 ¥LBL! 21 a pol s 55
pz5  siOe 3 @22  €SBe 23 16 15
gﬁi ‘ngg .y fi Volume 993 RCLE 3¢ @8
250 3 ] < < = ra
_ZL iz ry? 894 RCL; 36 8
38 F3° 1€ 23 63 Date entry e 4t
633 ergz - 2Z ez 89 6SBe 23 16 15
a4 RCLZ 36 62 Calculate V AT 5%
842 RCLA 36 II pea - a5
043 = el 188 RCLC 36 13
044 STOS 35 @5 o1 ey il
845 nEY -41 182 X -33
46 . i 183 STOE 35 12
047 CHS _ éE 184 PRI -14
648 STO4 35 84 185 RTN 24
649 LST&  16-63 186 sLBLZ 21 @2 Store V
@51 RCLD 36 14 188 RIN 4
152 * _ 3 189 #LELC 21 13 MoTes
653 RCLA 36 11 118 F37 16 Z3 63 Data entry?
64 2 111 6104 22 84
= 99 112 RCLE 36 12
836 CHS —os REGISTERS
0 1 2 3 4 5 6 7 8 9 -
Used a b R Used Used Used Used v
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I
P Vv n T
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o8
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 RCLS 3 69 [ 169 PRTX  -14

114 s -24 Calculate n R R L _41

115 STOC 35 13 171 LSTY 16-63

116  PRTS -14 72 z -24

117 RTN 24 173 PRTY -14

118 xLBL4 21 84 17 RTH 24

119  STOC 35 13 Store n 175 «LBLe 2! 1¢ 15

126 RTH 24 176 xegn 16-45 Calculate

121 *LBLD 21 14 Temperature 177 SF1 1€ 21 a1 -

22 F3? 16 23 &3 Data entry? 178 ABS 16 31 V -x

123 6703 22 83 179 ki a3

124  €SBS 23 @5 188 1% 52

125  RCLA 36 11 Calculate T 181 e 31

126 RCLI 3¢ 81 182 FI° 16 23 @i

127 RCLO 36 89 183 CHS -2z

128 NE 53 184  CF1 16 27 ai

129 B -24 185  RTH 24

138 + -55

131 RCLS 36 89

2 RCLZ 36 @z

133 - -45

134 ¥ -35 150

135  RCL3 26 83

13 z -24

137 STOD 35 14

136 PRTY -14

139  RTH 24

146 LBL3 21 @3

141 STOD 35 14 Store T

142 RIN 24

143 *LBLS 21 85 -

144  RCLE 36 12 Calculate V 200

145  RCLC 36 13

146 z -24

147 STO9 35 @9

148 RTN 24

149 *LBLE 2115 "

158 p 28 Calculate V, Pc,

151  RCL1 36 81 Tc

152 % -35

153 g ag

154 = -24 210

155 RCL3 36 @3

156 B -24

157  RCL1 35 a1

158 g a9

154 2 -74

168 RCLZ 76 82

161 2 -24

162 RCLZ 36 @z

163 K 83

164 X -35 220

165 DSPS  -€3 @5

166  PRTS -14

167 DSPZ -3 @z

168 : -24

LABELS FLAGS SET STATUS

Ap By c ° 7 Ye.Pc.Tc FLAGS TRIG DISP
aInitiaHzeb ¢ ? * ¥ x 1?/Tx 0 051 OE]F DEG @ FIX ©&
0 1 2 3 4 2 10 GRAD O sclI O
- - Sto P 7Sto v - Sto T - Sto n > O RAD O ENGZD

v PBataEntry |3 O & n
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Program Deseription 1

4 )
Program Title Beer's Law/Absorbtivity Calculations

Contributor’'s Name Alan J. Rubin

Address 2577 Kenview ’

City Columbus State Ohio Zip Code 43209
\_
-

Program Description, Equations, Variables A flexible program for the calculation of the

parameters of the Beer-Lambert law used in colorimetry, A=abCt+i, where i is the
intercept (an error term). Given the light path, b, and a set of concentratiomn, C,
and percent transmittance, %T, or absorbance, A, data the program computes absorb-

tivity, a, by the least squares method:

. = 1 DIATC - ZAC
b nZc2 - (Ic)?

Initialization (Key A) clears all registers and sets b equal to 1 cm. Either conc.,

absorbance (Key D) or conc., %T (Key C) data may be entered, In the latter case %T

is automatically converted to absorbance: A =2 - log %T

Corrections to C,A or C,%T may be made by pressing f,D or f,C, respectively. If
molecular weight has been entered (f,B), mg/l data may be converted to molar concen-
tration via Key B.

After completing data entry, pressing R/S will display the absorbtivity for 5
seconds followed by the error intercept of A, i, and the correlation coefficient, r.
Pressing R/S again repeats the sequence of a, i, r. Additional data may be added
via Keys C or D, or corrected via Keys ¢ or d. To enter a new data set requires

only that Key A be pressed to clear the memories (initialize).

Operating Limits and Warnings Unless b is 1 cm, then a new value must be entered (f,A) each
time the program is initialized. Initialization also removes molecular weight from
memory. The least squares program requires at least two C,A data pairs to calculate
a. Enter 0,0 into Key D if only one pair is available. Primary registers 0 through
9 are unused. Only side 1 of the program card needs to be loaded (side 2 can be

used to retain the reduced data).

\_

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/
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Program Desecription 11

r Sketch(es)

BEER'S LAW PLOT

Absorbance A = abC
Lﬁ concentration
Sample Problem(s)
Calculate the molar absorbtivity
for phosphate as determined by the data
"ascorbic acid" method at 880 nm. BT mg/l as P
a) 97.9 0
Concentrations expressed as b) 58.0 0.25
phosphorus, therefore the mo lecular c) 37.2 0.50
weight is 30.98. d) 23.1 0.75
Light path was 1.2 cm. e) 14.5 1.00
£) 9.0 1.25
Solution(s) 1. Read program and initialize: — 1.0
2. Enter light path: 1.2 f,A —% 1.2
3. Enter molecular weight: 31 f,B ——u 31.0
4. Enter data:
a) ot , 97.9¢C —> L.
b) .25 B —> 8.06x10° 58 C —» 2.
continue as above n;
£) 1.25 B —>4.03x10"2 9 C —» ,
5. Obtain a, i, r : R/S — 21245, 0.0187, 0.9998  answers
Reference(s)




v °
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User Instruetions
Beer's (mw /ABSacTWTY CatcwATionls
mimauze  ugll>M  C%Tt;, . CAN T->A
-0,
bt Mw 1 CompecT coregctT A—>%T
STEP INSTRUCTIONS DA‘:":\‘;S;ITS KEYS DSTL:\TIS:ITTS

1 |Load side 1 [ I 1 ] o0.0000

2 |Initialize (clears all reg., sets b = 1) LAl | 1,0

3 |(optional) enter light bath if b # 1 b L £l a | b

4 |(optional) enter molecular weight MW £ B | MW

5 |Enter molar conc, and absorbance C., A; I 4 || D ] nj
or I

5 |Enter mg/l and absorbance Ciy Ay [ ¢ || D | n,
or I .

5 |Enter mg/l concentration mg/14 [ B | M.
Enter absorbance A [ oIl | ns
or .

5 |Enter molar conc. and percent transmittance Csy %I, { 4 | [ ¢ ] nj
or T

5 |Enter mg/l and percent transmittance Ci, %Iy | ¢ Il c | n.
or I

5 |Enter mg/l conc. mg/1s | B || | M,
Enter percent transmittance %y | c |l | ng

6 |Continue data entry l N | n
or correct an entry Ck, A l ) ]I d ] n-1
Or correct an entry Cxs %Ty | ¢ || c I n=-1

7 |Display absorbtivity, intercept and | | |

correlation coefficient l R/S] I ] a
I i
N N r
8 [To repeat a, i, r display | R/S|| ]
9 |To add further data, repeat step 5 i H ]
10 |To enter a new set of data, go to [ II I
step 2 (initialize) | N |
[
To calculate molar concentrations MW | f I B | MW
from mg/1l values mg/1 | B || | M
o
To calculate A from %T %T [ e Il | A
I .
To calculate %T from A A I £ ] I e I 7T
I
! N
[
I
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67 Program Listing I

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 £ LA 3 25 1] jmavize - s/
fce Rec | 3| 42 Clear all r cus 42
fP=s 3) 42 ’ g lo* 32 53
£fcoree | %1 43 Set b=t 060 € EIx 21 23
( ol PSP ¢ 23 ol
S A 22 I h R 35 22 | —™= %T_
£ fFix 31 23 Lo ) 31 25 o] |
DsP | 23 ol £ PsS 3 42 | CAcuare
h RIN 35 22 Reeq 24 0% absorbtwilyg
oo 9%?::’ 3;3:5 I enrer. b R;La 34_'!:’6 (ntercept
Lem B |3 25 (2 RcL 6 ¢ c6
"ReL B 3412 mgle— H 070 X T
. 8l - 51¢
cex 43 STo © 33 13
3 02 RcL9 24 o9
- &l ReL 7 24 o7
psSP 2 23 o2 X T
020 q Sel 3223 Rer & 3406
h e 3522 g x* 22 it
LAt b |22 25 12| gymer. MW - [
?Tro S 3212 |° s D 2% (4
h RN 35 22 080 s 8l
£ (LD |31 25 / TER Ci. A: RCL A 34
S+ 21 & Ci AL - 8
$ Aix 3123 £ FIx 3123
D3P e 23 co DS o 23 oo
R|S 84 , + —x— 31 84 |DISpaY OO
030 &To | 22 ol —> A,C,F ReL T 34 o7
qLBLt d |32 25 14 . oA Ret 4 24-0f
e 5o CorRRETT C; A; x o
RIS 84 . Lee & 34 cG
&ro 22 o\ — > a,¢Hm T 090 ReL 8 3_4708
fee Cc | 3253 R X !
fGeseE |31 22 1S Ewter €, % — St
=+ 21 Lee D 24 I+
f Fix 3(23 -+ &/
Dse o 23 oo DSP 4 23 o¢ .
040 RIS 13 , £ —x— 3 8¢ DisPtaY L
&to | 22 ol —_— 2,," Rce C 3344—13
qLRLC |32 25 |3 . ; REL D (4
Ygse e |21 22 15 Corgect G, %L £ < 3/ S4-
h £- 35 2! 100 - el
R(S 84 . Ree q 34 o9
éto | 22 o) — Q,0L,r ReL s 34 05 |
fime € | 8125 1S | eunme 9T X il
€ Lo 31 93 RcL 4 34 o4
Z o2 a xt 3254
050 — st - St
CuS 42 £ V< sS4
€ E1x 31 23 - 8 DiseaY
DsSP 4 2304 € P€s 3142
RN | 3522 |—FA 0 RS ea
qiBre |32 25 IS | enter A &1o |\ 22 o ,
2 &2 h R 35 22 | Dispeay a)\r Asan
REGISTERS
0 1 2 3 4 5 6 7 8 9
4 S6 S7 S8 S9
S0 St 52 5 YA [Tear [Pge [|2ct [zac n
A B C D 2 z I
b Mw nNIAC-FAECc | hEC—-(Z0)
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

170
120

180
130

190
140

200
150

210
160

220

LABELS FLAGS SET STATUS
A B C D E 0
nmavze | wgl=> M |7 C,%T ¢ GAL | BT A FIC.)QGOSFF TRIG DISP
a b c d e 1
bt MW 4 G- | —c,~%T | A—r%l o0 &| pec O | Fx ®
0 1 : 3 a 2 1 0O =| GrRap O | sci O
> A,OF - 5 > 0 &| RAD O | ENG O

5 6 7 3 30 & n
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Program Deseription |

~
Program Title  Activity Coefficients from Potentiometric Data )

John R. Joyce

Contributor’'s Name

Address 1825 S. 71st E. Avenue

City Tulsa state Oklahoma ZipCode 74112
\_ J
. )
Program Description, Equations, Variables

Program calculates the standard Electrode Potential (S.E.P.) and the activity
coefficients of a system from values of the concentration and observed EMF.

o
Equations Used: E + EREF + A logm+ B log F-0.0602 v m =E - A-Cem
A = 0.059156 v / n
B = 0.059156 / n
E = measured EMF's in volts (V)

EREF = E.M.F. of reference electrode

n = number of electrons invovled in the reaction

F= (") e.g. for CaClyiv,= T3u_ = 25 v=3, f=4 f=[27-11]=4
v = Total number of ions

Operating Limits and Warnings  Program must be reinitialized for each case (e.g., push
START, [C]) since the summation registers are used.

Greater accuracy may be obtained if values used as constants in proaram could be
obtained to more significant figures. Also remember that the valid number of
significant figures in the answer is related to the number of significant figures

in the data.
\ y

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and usesw
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

_/
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)
Sketch(es)

\_ Y,

r
Sample Problem(s) = For the following data determine the Standard Electrode Potential
and the activity coefficient at each point.

Concentration (M) Potential (V) F=1

0.003215 0.52053 v =2

0.004488 0.50384 EREF = 0.000

0.005619 0.49257 n=1

0.007311 0.47948

0.009138 0.46860

0.011195 0.45861

+ -
Pt (s) ‘ Ho l H C1™ (m) l AgC1 l Ag (s)

Solution(s) Keystrokes: [C] 1[R/S] 2[R/S] O[R/S] 1[R/S] --> 1
.003215[ENTER] .52053[A] .004488[ENTER] .50384[A] -—> 2
.005619[ENTER] .49257[A] .007311[ENTER] .47948[A] -—> 4

.0091384[ENTER] .46860[A] .011195[ENTER] .45861[A] --> 6 ,

[D] --> .9334 (r)
-=> ,2224 (S.E.P.)
.007311[ENTER] .47948[E] --> ,0073 (M)
--> .9188 (v)

k}iterature value (REF 2) for S.E.P. is 0.2225.

s N
Reference(s) Beech, G., Fortran IV in Chemistry, pp 64-6, John Wiley and Sons. 1975
Kemp, Marwin K., Physical Chemistry for Engineering and the Physical Sciences: A
Self-Paced Approach, pp (10-142)-(10-144), University of Tulsa, 1974.

\




v
* User Instruetions
Activity Coefficients
MAV (=) Start +S.E.P.
STEP INSTRUCTIONS DATAIUNITS KEYS m?Tl:\T/S:r‘rs
1. | load sides 1 and 2. 1]
L JC ]
2. Initialize program Ll c |
£ L TI[R/S] £
v [ [lrss ] v
Brer | | TIR/s EREF (v)
n [ J[R/S] n
i
3. | Input x value (molarity-M). M, { , H’ZNTER: M,
4. | Input y value (electrode potential-V). V. } :}A% i+
5. | Repeat steps 3 and 4 for all pairs.* [0 ]
]
6 Compute coefficient of determination and the | I D l v
standard electrode potential. | I |
I
7. | Input molarity M [ | ENTER] M
.
8. | Input electrode potential V { {} E { M,Y
9. | To insert additional data points repeat |1 |
step 3-6 I .
I
10. | For a new case go to step 2. | I |
[ 10 ]
* A set of data pairs may be deleted by [ 10 ]
entering them as in steps 3-4 and I
pressing [B]. [ 1]
I
I .
N .
]
I N
N
I I
I .
]
1]




g7 Program Listing |

3
. STEP i KEY ENTRY KEY CO[ZE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS !
@81  RLEBLH Zi i : 857  RCLS 36 &5
BB: LS 21 1 Inserts data pairs 858 -35
aaz it 36 858  RCL4 36 84
a4 ETh 2% 868 HE 93
685 *LELE &l iz Deletes data pairs a6l - -45
886 ESEI 23 el BoZ z -24
867 - i€ 36 @63 STOE 35 13 S.E.P.
8gs kTN 24 64 P 16-31 | Standard Electrode
éas  xLELL 2113 Initializes program 8es  KiN o potential.
Siﬁ’ L‘F-EL ig-53 and stores physical ggﬁ ‘t%g <1 é* Computes activity
- ib—oi 7 < Ja dc s 3
a1z Cird i parameters. a68 Py 1 coefficient.
813 RS A 868 5T01 39 ai
814  5TOA 35 il F @78 RCLE 36 15
@15 Ess R 871  RCLC 3o 13
Ble  STOE 23 1 v 87z - -43
aiv ES 3i 873 RCLZ 36 482
#ig  STOC 33 13 E ar4 - -43
TR 51 REF 875 6Bz 23 éZ
Bze  ST00 35 14 #e- 676  RCLI 36 81
8zl RETN 24 ar¢ LOE le 3&
822 ¥LBLL 21 14 Calculates ars X -35
8:3 28 16-5i coefficient of 879 - -43
624 RCLE 36 @3 determination and @88 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>