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NHCl FAZ GECISI YAKINLARINDA FREKANS KAYMALARININ
HESAPLANMASI

OZET

Bu ¢ahiymada NH,4CI kristal sistemindeki A- faz gegisi yakinlarinda degisik basinglar
altinda sicakligin bir fonksiyonu olarak kristalin ultrasonik frekanslari ile hacim
degigimleri arasindaki bagmtilar verilmektedir. Bu bagmntilar ultrasonik frekanslar
kullamilarak NH,Cl igin q [11 0], q [110] ve q [100] modlan igin olusturuldu. Once
her mod i¢in y Griineisen parametresinin degeri belirlendi. Ardindan her bir mod
igin tek bir y Griineisen parametresini kullanarak faz gecis bolgesi boyunca
ultrasonik frekanslar belirlendi. Bu analizlerde NH,CI’iin birinci, iiglii kritik ve ikinci
faz gegis bolgelerindeki ultrasonik frekanslar ve boy-degisim verileri igin
literatiirdeki veriler kullanildi.

Sonuglar gosteriyor ki birinci gegis bélgesinde q [11 0] ve tiglii gegis bolgesinde q
[110] modlan igin literatiirdeki gbzlemlenen frekanslar ile hesaplanan frekanslar
arasinda oldukga iyi bir uyum bulunmaktadir. Ikinci faz gegis bolgesinde q [100]
modu igin hesapladigimiz frekanslar gozlemlerdeki gibi kritik bir davramsg
sergilemektedir.



CALCULATIONS OF FREQUENCY SHIFTS NEAR THE PHASE
TRANSITIONS IN NH,4Cl1

SUMMARY

The A- type of phase transitions have been attractive to study since many materials
exhibit this type of phase transition. Among those systems, some ferromagnetic and
anti-ferromagnetic materials, crystalline solids and some others exhibit the A-type of
phase transition which can be considered as a second order phase transition. The A-
type of phase transitions of those systems have been given in the literature. We have
reviewed most of those systems in our previous study [1]. Among those systems,
NH4CI has been more attractive since a lot experimental data regarding the various
physical properties of this crystalline solid, have been reported in the literature. We
have also studied the NH4Cl crystal extensively and we have reported our results
regarding its A-phase transition in our earlier studies. Our interest has been to
correlate the volume changes to the Raman frequencies for NH4Cl near its A-phase
transitions, as given in our previous works [1-4]. Using our observed Raman
frequencies of some selected modes in NH4Cl, we have correlated the Raman
frequencies to the volume changes for the first order ( P=0 ), tricritical ( P=1.6 kbar )
and the second order ( P=2.8 kbar ) phase transitions in this material.

In this study we correlate the volume changes to the ultrasonic frequencies for some
modes in NH,4Cl for various pressures near the A-phase transitions using the literature
data. In particular, we correlate the volume changes to the ultrasonic frequencies of

the q[110], the q[110] and the q[100] mode in NH,CI.

We can correlate the frequency shifts to the volume changes by means of the mode
Griineisen parameter y defined as

y=—dinv/dinvV 2.1

When the frequencies and the volume both change with the temperature at constant
pressures, the isobaric mode Griineisen parameter may then be defined as



This can be written in terms of the thermal expansivity « = %(%) as
P

) e

P

By integrating Eq. (2.3) and adding a constant of integraition A, and also the
pressure dependent term A(P) we get the frequencies in terms of the volume changes

vp(T) = Ap +A@®) + v exp]~ piVp(T) / V)] 2.4)

as given in our previous study [1]. In Eq. (2.4) the pressure dependent term is defined
as

AP)=ap+ a)P + a,P* (2.5)

Here ap , a; and a; are constants. A, is the isobaric order-disorder contribution to
the mode frequency. In our treatment we take A, 0 for T < Tj and A,=0 for T >

Ty In Eq. (2.4) vy and V; are the values of the frequency and volume at given
temperature and pressure conditions.

In this study we first determine the mode Griineisen parameter for each ultrasonic
mode by means of Eq. (2.3). We then calculate the ultrasonic frequer¢ies for each
mode using the volume changes at various temperatures for constant pressures
through Eq. (2.4). Our analyses here are for the ultrasonic modes of q[110], qf110]
and q[100] in NH,4Cl.

The derivation of the Pippard relations which correlate thermodynamic quantities in
the vicinity of the phase transitions of the A type is shown. Pippard:tekffiguﬂsappty to
the systems for which the frequency shifts can be correlated with volume change
through a constant y , the Gruneisen parameter.

Pippard proposed linear relationship between specific heat Cp, thermal

xi



expansion o and isothermal compressibility {3 in the vicinity of A point. He arrived at
the approximate relations

7=(ar)er(),
()7 ar),

We can get the spectroscopic modification of the above functions, by a substitution
of our y-relations. Then above relations become

TVA 1(ov
Cp = —| — | +const
712 v ar P

The length-change data were used to calculate the frequencies through the following
relation in which the Gruneisen parameter 7y is constant in the vicinity of the A-point.,
Here (dv/dT), is determined from the v —T. Our calculated frequencies are listed in
the tables and the graphs of these frequencies are drawn as a function of temperature.
The calculated frequencies are compared with the experimental frequency values.

We calculated the frequencies from the observed ultrasonic frequencies for the

q[110] mode [5] which varied linearly with the temperature between 250 K< T <
260 K for zero pressure. Our calculated and those observed frequencies [5] for this
mode are plotted as a function of temperature for zero pressure (P=0) in Fig. 2.1. We
obtained the slope value as (Jv/dT), =-005584 kHz/K for this temperature
interval of 250 K< T < 260 K, which is well above the transition temperature (
T»=242.9 K, P=0). This slope value gave us the value of v,=385.76 kHz at T=296 K
(P=0). By means of Eq. (2.4), the isobaric mode Griineisen parameter was obtained
as yp=1.05 for the q[110] mode of NH4Cl. For the yp value we used the value of
thermal expansivity, a=1.43x10K"", which was deduced from the length-change
data [6] obtained in the same temperature interval for NH4Cl. We used those values

in Eq. (2.4) and calculated the ultrasonic frequencies for the q[1 10] mode of

xii



NH4CI for zero pressure. For this calculation the pressure dependent term A(P) was
first determined by using the observed values of v;=388 kHz and V/V; at T=260 K.
This temperature was chosen to get a constant value of A(P=0)=0. We then fitted our
calculated frequencies to those observed [5], which gave us A, as a function of AT

at and below T, for ‘P=0. As the order-disorder contribution to the ultrasonic
frequencies of the q[11 0] mode of NH4Cl, the values of A, are given in Table 2.2.

Our calculated and those observed frequencies [5] for the q[1 1 0] ultrasonic mode of
NH4CI are given at various temperatures for P=0 in Fig. 2.1.

We calculated the frequencies using the observed ultrasonic frequencies for the
q[110] mode [5] for the tricritical phase region (P=1.5 kbar) of NH4Cl. For this phase
region the frequencies were calculated within the temperature interval of 260
K<T<280 K, which is well above the transition temperature (T3=256 K). With in this
interval we got the slope value of (Gv/dT), = —0.0166 kHz/K, from which we had

the value of vi=207 kHz at T=296 K (P=1.5 kbar). This then gave us the value of the
isobaric mode Griineisen parameter as yp=0.68 for the q[110] ultrasonic mode of
NH,CI (P=1.5 kbar) by means of Eq. (2.3). For this phase region we used the value
of a=0.8x10"* K for the thermal expansivity of NH,Cl, that was also deduced from
the length-change data [6]. The ultrasonic frequencies were then calculated for the
q[110] mode of NH4Cl according to Eq. (2.4). For this calculation the pressure
dependent term A(P) was first determined for the pressure of P=1.5 kbar using the
observed values of vi=207 kHz and V/V; at T=267 K. At this temperature which is
well above the transition temperature (T>=256 K), we obtained the value of A(P)=1.3
kHz for P=1.5 kbar. We then fitted our calculated frequencies to those observed [5],
which gave us A, as a function of AT at and below T, .

Our calculated and those observed frequencies [5] for the q[110] ultrasonic mode of
NH,CI are given at various temperatures for P=1.5 kbar in Fig. 2.8.

The ultrasonic frequencies for the q[100] mode were calculated using the observed
frequencies [5], which varied linearly with temperature in the interval of 264 K< T <
294 K. Within this temperature interval which is well above the transition
temperature ( T3=261.76 K, P=2.15 kbar), the slope value was obtained as
(6v/8T), = 01263 kHz/K. This gave us the value of v;=308.33 kHz at T=296 K for
P=2.15 kbar. Using Eq. (2.3), we obtained the isobaric mode Griineisen parameter as
v¢=1.05 for the q[100] mode. For this value, the value of a=—4.15 x107*K™" was used
for the thermal expansivity that was deduced from the length-change data [6]. Then,
by means of Eq. (2.4) the pressure dependent term A(P) was obtained using the
observed values of vi=318 kHz and V/V; at T=274 K. Since this temperature is far
away from the transition temperature (T5=261.76 K, P=2.15 kbar), we were then able
to obtain A(P)=11.98 kHz as a constant value. Our calculated frequencies were then
fitted to the observed frequencies [5], which gave us the order-disorder contribution
to the q[100] mode, A, as a function of AT at and below T for P=2.15 kbar.

Our calculated frequencies are plotted at various temperatures with those observed
frequencies [5] for the q[100] mode of NH4CI for P=2.15 kbar in Fig. 2.13.



In this study we calculated the ultrasonic frequencies for the q[110] mode (P=0
kbar), the q[110] mode (P=1.5 kbar) and the q[100] mode (P=2.15 kbar) using the
observed frequencies from the literature [5]. For this calculation we first determined
the mode Griineisen parameter for each mode.

The value of the isobaric mode Griineisen parameter is nearly y,=1 for the g[1 10]
and q[110] modes and it is -2 for the q[100] mode, as given in Tables 1-29. These
values of y, can be compared with our values of y, =3.1 for the viTAm(93 cm™) and
of ¥, =2.1 for the vsTOm(144 cm™) Raman modes of NH,CI [1]. Our values of Y =1
for the q[11 0], q[110] and y, =-2 for the q[100] mode can also be compared with our
values of y, = 2.5 for the vsTOr (174 cm™) Raman mode of NH,Cl and of y, =1.59
for the vsTOy (134cm ¥, ) Raman mode of NH4Br [3].

Using our values of ¥, given in Tables 2.2, 2.17 and 2.28 , we calculated the
ultrasonic frequencies for each mode. For calculating the frequencies, the A(P) and
A, terms were employed according to Eq. (2.4). The values of A(P) increased as the
pressure was increased, as given in tables. With our values of y, and A(P), and the
temperature dependent function A, , the ultrasonic frequencies calculated here are in
quite good agreement with the experimentally observed frequencies for the q[11 0]
and q[110] modes in the first order (P=0) and in the tricritical (P=1.5 kbar) phase
regions, as seen in Figs. 2.1 and 2.8, respectively. For the q[100] mode agreement is
not that good between our calculated frequencies and the observed frequencies from
the literature for the second order phase region (P=2.15 kbar) as also seen from Fig.
2.13. Above the transition temperature (T)=261.8 K) our calculated frequencies
seem to agree with those observed for the interval of about 10 K (270 K<T<280 K).
As the temperature increases further, there occurs the discrepancy between our
calculated frequencies and those observed . Below T, this discrepancy becomes
more apparent. If one is able to extrapolate the observed and calculated frequencies
starting from the low temperatures, say from about 250 K up to 260 K, both
frequencies would coincide nearly at the transition temperature as seen in Fig. 2.13.
In fact, the critical behavior of this mode is rather different, when compared with that
of the q[110] and q[110] modes, as we can see from Figs. 2.1, 2.8 and 2.13. That
difference between the q[100] mode and those modes of q[11 0] and q[110] occurs
firstly in their slopes, the positive slope for the former and the negative slope for the
latter (see Table 1). As far as the isobaric mode Griineisen parameter is concerned,
there happens to be the same value of y,=1 for all the three modes. We also note here
that the first order character of the phase.transition in NH4Cl is exhibited by the
observed and calculated frequencies of the q[110] mode for P=0 , as seen from Fig.
2.1. For this mode the frequency jump at the transition temperature (T3=242.9 K) is
about Av= 3 kHz (Fig. 2.1), whereas this jump is nearly Av =1 kHz for the q[110]
mode for the pressure of P=1.5 kbar (Fig. 2.8). This decrease of the frequency jump
as the pressure increases, is an indication that the first order phase transition (P=0)
changes its character towards the tricritical one (P=1.5kbar) in NH4Cl.

Finally, the (dP/dT), slope values of [110] ultrasomc modes of NH4Cl at P=0 Kbar

and P=1.5 Kbar were calculated. It can be shown that those results are close to the
literature data [13] and [14].
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BOLUM 1

GIRiS

A- tipi faz gegislerinin incelenmesi ¢ogu maddelerin boyle bir gegis yapmasindan
dolay1 ¢ekici olmaktadir. Bu sistemler arasinda, bazi ferromanyetik ve anti-
ferromanyetik maddeler, kat1 kristaller ve ikinci derece faz gegisi olarak
incelenebilen A-tipi faz gegisi sergileyen digerleri vardir. A-tipi faz gegisleriyle ilgili
sistemler literatiirde verilmistir. Bu sistemlerin ¢ogu [1] tekrar incelenmistir. Bu
sistemler arasinda NH,CI, literatiirde bu kat1 kristalin degisik fiziksel 6zelliklerine
gore bol miktarda deneysel veri bulunabilmesi dolayisiyla ¢ekici olmustur. NH4Cl
kristali CsCl-tip yapidadir (Sekil 1.1) ve A-faz gegisiyle ilgili sonuglar ilk bastaki
calismalarda [1-4] ¢ikartilmigt: (Sekil 1.2). Onceki caligmalarda [1] verildigi gibi
ilgilenilen konu NH,Cl nin A-gegisi yakininda hacim degisimlerini Raman
frekanslarina baglamakti. NH4Cl ‘deki bazi se¢ilmis modlarin gézlemlenen Raman
frekanslarim kullanarak Raman frekanslari, birinci (P=0), tiglii kritik (P=1.6 kbar) ve
ikinci (P=2.8 kbar) mertebe faz gegisleri i¢in hacim degisimlerine baglanmist1.

Bu ¢aliymada ise literatiir verilerini kullanarak [5-6] hacim degisimleri A—faz gegisi
yakinlarinda degisik basinglarda NH4Cl ‘deki bazi modlar igin ultrasonik frekanslara
baglanmigtir. Ayrica, hacim degisimleri g1 10], q[110] ve g[100] modlarindaki

ultrasonik frekanslara bagliligi farkh sabit basing etkileri altinda incelenmistir.
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BOLUM 2

FREKANS KAYMALARININ HESAPLANMASI

Asagida tamimlanan y mod Griineisen parametresi yardimiyla frekans kaymalarim

hacim degisimlerine baglayabiliriz,
y=—dlnv/dInV 2.1

Frekans ve hacim her ikisi birden sabit basingta sicaklikla degisir, o zaman izobarik

mod Griineisen parametresi agsagidaki gibi tanimlanir,

=%, @

Bu ise termal genlesme terimleriyle yazilabilir, e = %(%) boylece
P

re=a 5, @



vy Griineisen parametresi anharmonikligin bir o6lgiisiidiir. Ciinkii anharmoniklik
etkileri titresim frekanslarinin hacim degisimlerine baglidir. Bu baglilik titresim

modu ile degisir ve (2.1) Griineisen moduna kargilik gelir.

Esitlik (2.3)’tn integrasyonu ve A, integrasyon sabitinin ve A(P) basing bagimlilig:
teriminin eklenmesi ile frekanslari hacim degigimleri terimleriyle 6nceki

caligmalarda verildigi gibi [1] elde ederiz.

vp(T) = Ap + AP) +vexp|—pl(Vp(T) / V)] (2.4)

Esitlik (2.4)’teki basing bagimlilig: terimi asagidaki gibi tammlanmaktadir,

A(P)=ap+ aiP + aP? (2.5)

Burada a;, , a; ve a; sabitlerdir. A, mod frekansini diizelten izobarik terimdir.
Islemlerimizde T < Ty igin A,# 0 ve T > TyiginA,= 0 alacagiz. Esitlik (2.4)’te

v; and V verilen sicaklik ve basing sartlar altinda frekans ve hacim degerleridir.

Bu c¢aligmada ilk olarak Esitlik (2.3) yardimiyla her bir ultrasonik mod igin mod
Griineisen parametresi belirlendi. Sonra Egitlik (2.4) iizerinden sabit basinglar igin

degisik sicakliklarda her bir mod igin hacim defigimleri kullanilarak ultrasonik

frekanslar hesaplandi. Buradaki analizler NH4Cl’iin faz gegis bolgelerindeki g1 10],
q[110] q[100] modlarn igindir.



2.1 PIPPARD BAGINTILARI

Pippard bagmtilari, A tira faz gegisileri gosteren sistemlerde A noktas:
komsulugunda termodinamik nicelikleri birbirine baglar. Pippard [7], A noktasi
civarinda 6zgiil 1s1 Cp, 1s15al genlegsme katsayisi o ve egsicaklikli sikigtinilabilirlik B
mn benzer kritik davramglar gosterdifi varsayimindan hareketle termodinamik

nicelikler arasinda asagidaki bagintilarin yazilabilecegini gosterdi:

& = (i’i—) Va + £ 2.6
T dr dar ),

Frekans kaymalanyla termodinamik fonksiyonlarin birbirleri arasnda A noktasi
yakininda lineer bir iligki oldugu, Pippard bagintilarindan hareketle asagida
gosterilecektir. Bu genelde faz gegisi siiresince sabit kaymalan arasinda kalan
Griineisen parametresi aracilifiyla hacim degisimi ile frekans kaymalan arasinda
iligki kurulabilecek sistemlere uygulanabilir. Béylelikle (2.6) esitliginde Cp/T “nin
aV ‘ye gore A-gegis noktast komgulufundaki sicakliklarda ¢izimi P-T faz
diagraminda (dP/dT), egimini verir.

Frekans kaymalar ile 6zgiil 1s1 ve genlesme katsayisi;, ayrica genlesme katsayist ve
izotermal sikigtinlabilirlik arasinda iligki kurulabilir. Benzer gekilde egbasingh

(izobarik) ve egsicaklikl (izotermal) mod Griineisen parametrelerini ise sirasiyla

=), @9



7p= __ﬂ_;(?i?] (2.9

olarak tanimlayabiliriz. (2.1 boliimiine bakiniz).

(2.8) ve (2.9) bagintilar1 (2.6) ve (2.7) bagintilarinda yerine konursa

C,= TAVAl(Q) + sabit (2.10)
7p |4 5]“ P

a:anAl(-al) + sabit @2.11)
T v\dr )y

Denklemlerde A gegis egrisinden efim A=(dP/dT), olarak elde edilir.

o ‘nin B ‘ye gore A-gegisi komsulugunda ¢izimi yine (dP/dT), ‘yi bulmamiz: saglar.
Ote yandan Pippard baZintilarnin spektroskopik modifikasyonlarn [8] olarak
yazabilecegimiz (2.10) ve (2.11) bagmntilarinda sirasiyla Cp nin (élnv/0T), ye ve
o’mn (6lnv/0T) ye gore grafikleri A=(dP/dT), egimini verecektir.

Ote yandan titresim frekanslarinin sicaklik ve basingla A-noktas: civarinda kritik
davranigi ise,

In(v/v,) = Bld ™ (2.12)

kuvvet yasas: bagintistyla betimlenebilir. Burada Ie’ = (T —T,)/ T, olarak indirgenmis
sicaklik v, , A-noktasndaki kritik frekans ve B genlik degeridir. Buradan



In(In(v/va))’min In|e| ye gore grafifinden (T<Tj ve T>T; igin) dogru egimi (1-a) ‘y1

verir ve boylelikle Cp, o, B mn A-noktas: civarinda kritik davranigim betimleyen

kritik s a, titresim frekans kaymalarindan elde edilir.



2.2 NH,CI°DE q[110] MODU ICIN FREKANS HESAPLAMALARI

Bu andlizler igin gerekli stratejiyi tek tek 1, 200, 400 ve 600 bar basinglara girmeden
once belirlemek gerekmektedir. Sadece bir mod Griineisen parametresi, bir hacim
verisi t6], bir v; ve A(P) basing terimindeki ao, a; ve a; katsayilarinin bir mod igin

ayni olmas: gerekmektedir.

Once NH,C! “deki g[1 10] modu igin 1 bar basing altinda v-AT grafiginde verilen
deneysel veriler alindi [S]. AT>0 igin diizensiz faz bolgesindeki frekans degerleri bir
dogruya fit edilebilir. 5K<AT<16K sicaklik araliginda bir fit dogrusu hazirlanmgtir.
Bu dogrunun denklemi v=-.05585AT+388.865 ‘den 0v/0AT=-0.05585 K/KHz elde
edilir. v, ise 296 K “deki frekans degeridir. Ancak burada sicaklik AT=T-T olarak
belirlendiginden 296 K ‘nin AT ‘ye goére ne olmas: gerektigi ancak T, bulunarak
goriilebilir. Ty, ise [5] ¢ de verilen P-T dogrusundan 241.15 K olarak bulunur. 296-
241.15=54.85 K degerini yukanda elde edilen fit dogrusunda yerine koyarsak v; =
385.80 KHz olarak bulunmus olur.

Gereken hacim verileri [6] Lp"/L,*®-T grafigindeki 1 bar igin 6lgiilmiis 230K-265K
arasindaki degerlerdir. Gegig sicaklifi 242.9 K olarak verilmigtir. Bu veriler v-AT
grafii iizerinde go6zlenen degerlerle hesaplanan degerler kargilagtinlacagi igin
Lp"/L ?*°-T grafiginin Lp"/L,**°-AT grafigine doniigtiirilmesi yerinde olur. Bunun
icin AT =0 olarak ahnmas: yeterlidir. Boylece elde edilen grafigin AT>0 faz
bolgesindeki parasina dogrusal fit yapilarak Lp'/L;* =0.0000498AT-+0.99730
denklemi elde edilmigtir. Buradan 1sisal genlesme o *nin bulunmasina yardim eden

A(Lp /L, 2*%)/6AT=0.0000498 K! bulunur.

AT>0 bélgesinde miimkiin mertebe birbirine oldukga yakin AT degerlerine kargihk
gelen v ve Lp'/L,*® degerleriyle mod Griineisen parametresini bulma yoluna

gidilecektir. Esitlik (2.2)’yi hatirlarsak;



___‘_’_(é"_)
Yp viV/p

. LAY 4
o 1s1sal genlesmesi a EV(EI_)Pldl’

Burada 1/v(8v/0AT) bellidir. a’y1 ise elimizdeki d(Lr"/Li**)/OAT ‘ye gore yazmak
miimkiindiir. Sozii edilen Lp"/L;**® uzunluk birimi oldugundan L /L %% =V/V)
gibi diigiiniilebilir. Bu durumda,

3 (aLf, /Lf%)
= 296 (2.13)
L, /L oAT )
olacaktir. Boylece
_1(_61’_)
) = v\oAT ),
3 (e /LY @14
LI /LP | 0AT

olur.
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AT>0 ‘de yp’nin hesaplanmasi i¢gin Tablo 2.1 olusturulmus ve gorilecegi gibi
¥,=0.98 olarak bulunmugtur.

Tablo 2.1 NH,CI icin g110] modunda v, ‘nin hesaplanmas:

AT Ve Le/L™° _1/W(OVIBAT) 3/ Le'/Ly™(@(Le L */0AT) Y

1.19 388.9 0.99734 0.0001436 0.0001498 0.9585907
2.09 388.9 0.99739 0.0001436 0.0001498 0.9587373
6.57 388.5 0.99767 0.0001437 0.0001497 0.8599198
12.24 388.2 0.99792 0.0001439 0.0001497 0.9611003
16.42 388 0.99816 0.0001439 0.0001497 0.9617031

Ortalama 0.9600102

Simdi sira bagta soylendigi gibi A(P) teriminin hesaplanmasina geldi. 0, 400 ve 600
bar’da v'=v;e " Ep12%) qeserleri, AT=54.85 K ‘de (AT>0 faz bolgesinde segilen
bir nokta),

v'1=385.80 KHz zaten biliniyordu.
V'600=385.791 KHz
V400 =385.798 KHz

gozlenen degerleri alinarak,

V'1=-vi=0.
V’soo -Vi =-0.0119 KHz
V400 -v1 =-0.0046 KHz

Bu farklan A(P) teriminin getirdigi disiiniilerek ve AT>0 bolgesinde Esitlik 2.4,

AT’nin de 0 olmasiyla g6yle yazilabilir,
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v=A(P)+v, e 1A pTT296) (2.15)

ve
A(P)=ag+a;P+a,P? (P;Kbar birimleriyle) olduguna gore,

P=1 bar yaklagik olarak O kbar olarak alinabilir o0 zaman ay=0,

-0.0119= 2,(0.6)+a(0.6)° (P=600 bar=0.6Kbar)

-0.0046= 2;(0.4)+a(0.4)> (P=400 bar=0.4Kbar)

seklinde elimizde iki bilinmeyenli iki denklem kalmaktadir.

Bu da, a,=-0.0002 ve a,=-0.0414 olarak bulunur. Sonugta A(P) terimi basinca bagl
olarak

A(P)=-0.0002P-0.0414P> (2.16)

olarak elde edilir.

Stratejinin ikinci agamasi NH4Cl’de q[1 10] modunda tek tek 0, 200, 400 ve 600 bar
sabit basing altinda AT<O diizenli faz bolgesinde frekanslara bir sicaklik diizeltmesi
veren Ap terimini hesaplamak olugturmaktadir. Tabii bu mod i¢in uygulanan
yontemlerin hepsi diger modlarda da gegerli olacaktir. Ve bdylelikle tiim ele
aldigimiz modlarda faz gegis bolgeleri i¢in frekans kaymalarn hesaplanmg olacaktir.
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2.1.1 NH,Clde q[liO] modunda P=0 Kkbar icin Frekans kaymalarmn

hesaplanmas:

[51’deki deneysel verileri ilk basta AT>0 boélgesi i¢in fit etmis ve vy, 1p ve A(P)
terimleri bulunmusgtu. A(P), 0 kbar i¢in sadece ao = 0’da 0’a esit oldugundan gimdi
AT<0 bolgesi igin,

Vesaen=Ar+vi o HiLpTL296)

Ar= Vgsadem-vi€ To0pT296) (2.17)
Vgsaem-bellidir, vie®™ PP (v')) ise ilk basta belirlenmigti. Simdi AT<O

bolgesinde ii¢ tane AT noktas: belirleyecegiz ve aAT*+bAT+c olarak segtiimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarini hesaplayacagiz.

Tablo 2.2 g|110 modunda P=0 kbar icin Ap’nin hesaplanmasi

AT Veodem V1€ P P9 = aAT*+bAT+e
-12.84 0.507 = 164.87a-12.84b+c
597 0.622 = 35.64a-5.97b+c
0.9 -0.197 = 0.81a-0.9b+c

Bu denklem sistemi ¢oziildiigiinde, a=-0.015, b=-0.2645, c=-0.4232 olarak bulunur

ve Ap,
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Ap=-0.015AT?-0.264AT-0.423 (2.18)

_. Bu durumga of1, 101 madunda P=0 kbar icin NH.CL_icin frekans kavmalars (2.2)de

ifade edilen sekilde bulunmusg olur;

v=-0.015AT%-0.264AT-0.423+385.80+ ¢ >12(pT";2%) (2.19)

burada Lp'/L;?*® P=1 bar “da [6] ‘daki verilerden alinmistir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.3 te hesaplanmis ve Sekil 2.1 ‘de grafik olarak

cizdirilmigtir.
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Tablo 2.3 NH4CI ‘de q[lIO] ultrasonik modu i¢in P=0 kbar ‘da gézlenen [1,2]
degerlerden frekanslarin hesaplanmasi. Burada yp=0.96 ve v,=385.80 KHz ‘dir.
Elde edilen bu degerler Sekil 2.1°de karsilastirnimistir.

AT Vgezem  Le'LPT AP) VHAP)  Ar Vhesap
[11.2] (1] [2] (2.16) (2.18) (2.19)
-12.84 393.59 0.99353 393.08 0 393.08 0507  393.59
-10.00 393.31 0.99386 392.71 0 39271 0726  393.43
-8.06 393.15
-6.90 0.99422 392.30 0 30230 0690  392.99
-5.97 39275 0.99437 392.13 0 39213 0623 39275
-5.07 392.54 0.99452 391.96 0 301.96 0533 39249
-3.90 0.99468 391.78 0 391.78 0.381 392.16
-2.90 0.99487 391.56 0 391.56 0218  391.78
-2.69 392.10
-2.10 391.19
-1.90 0.99508 391.32 0 391.32 0.025  391.35
-1.49 391.41
-1.19 391.19
-0.84 390.74 0.99542 390.94 0 390.94 -0.212  390.73
-0.54 390.04
-0.24 389.72
0.00 389.64
0.00 389.45
0.00 389.25
0.90 389.08
1.19 388.94 0.99734 388.77 0 388.77 388.77
2.09 388.90 0.99739 388.72 0 388.72 388.72
2.93 388.87
3.58 388.83
478 388.72
5.37 388.67
5.97 388.60
6.57 388.53
7.10 0.99767 388.40 0 388.40 388.40

7.46 388.50



8.33

9.10

9.61

10.75
11.43
12.10
12.24
13.73
14.93
16.42
17.10
2210
27.10
32.10

388.40
388.34
388.38
388.21
388.19

388.15
388.08
388.04
388.00

0.99792 388.12

0.99816 387.85
0.99840 387.59
0.99864 387.32
0.99889 387.04
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SEKIL 2.1 q[11°0] ultrasonik modu ve P=0 Kbar basin¢ta
NH;Cligin g6zlenen [2] ve hesaplanan frekanslar.



2.2.1 NH,Cl’de q[liO] modunda P=0 kbar icin Frekans kaymalarmm

hesaplanmasi

[S]’deki deneysel verileri ilk basta AT>0 bolgesi igin fit etmis ve vy, yp ve A(P)
terimleri bulunmustu. A(P), 0 kbar i¢in sadece a; = 0’da 0’a esit oldugundan simdi
AT<0 bolgesi igin,

Vesater=ArHv1 (L TIL, 296)

Ar= Vgsten-v1€ T 296) (2.17)

Vgsaan-bellidir, vie*™™pT1?9)  (v)) jse ilk basta belirlenmigti. Simdi AT<O
bolgesinde uc; tane AT noktas: belirleyecegiz ve aAT>+bAT+c olarak segtigimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarin1 hesaplayacagiz.

Tablo 2.2 g|110| modunda P=0 kbar icin Ap’nin hesaplanmasi

AT Veordem Vi€ PP = aAT*+bAT+c
-12.84 0.507 = 164.87a-12.84b+c
-5.97 0.622 = 35.64a-5.97b+c
-0.9 -0.197 = 0.81a-0.9b+c

Bu denklem sistemi ¢éziildiigiinde, a=-0.015, b=-0.2645, ¢=-0.4232 olarak bulunur

ve AP,
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Bu durumda q[1 iO] modunda P=0.2 kbar i¢in NH4Cl igin frekans kaymalarn
(2.2)’de ifade edilen sekilde bulunmus olur;

v=0.025AT2+0.1189AT+0.4144-0.0066+385.80¢ "LpT2%) (3 22)

burada Lp'/L,**® P=1 bar ‘da [6] ‘daki verilerden alinmustir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.5te hesaplanmug ve Sekil 2.2 ‘de grafik olarak

cizdirilmistir.
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Tablo 2.5 NH4Cl ‘de q[liO] ultrasonik modu i¢in P=0.2 kbar ‘da gozlenen [1,2]
degerlerden frekanslarin hesaplanmasi. Burada yp=0.96 ve v,=385.80 KHz ‘dir.
Elde edilen bu degerler Sekil 2.2’de kargilagtinlmistir.

AT Voozem LpLZZE v AP) V+AP)  Ar Vhesap
[11.12] 1] [2] (2.16) @21) .22
-12.90 0.99353 393.08 -0.00067 393.08 -0.707  392.38
-12.73 392.39
-9.90 0.99386 392.71 -0.00067 392.71  -0.520  392.19
-8.64 392.23
-6.90 0.99422 392.30 -0.00067 39230 -0.288  392.01
-5.91 391.93
-5.90 0.99437 39213 -0.00067 392.13  -0.201 391.93
-4.90 0.99452 391.96 -0.00067 391.96 -0.109  391.85
-4.70 391.89
-3.90 0.99468 391.78 -0.00067 391.77 -0.012  391.76
-3.03 391.57
-2.90 0.99487 391.56 -0.00067 391.56  0.090  391.65
212 391.47
-1.90 0.99508 391.32 -0.00067 391.32  0.197  391.52
-1.21 391.38
-0.91 391.25
-0.90 0.99542 390.94 -0.00067 390.94 0309  391.25
-0.46 391.04
-0.15 390.60
0.00 390.48
0.00 390.31
0.15 390.17
0.00 389.83
0.15 389.50
0.30 389.37
0.61 389.27
0.91 389.14
1.10 0.99734 388.77 -0.00067 388.77 388.77
1.21 389.06
1.06 389.02

1.67 388.94
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2210
27.10
32.10

388.98
388.91
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0.99816

0.99840
0.99864
0.99889

388.40

388.12

387.85
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387.04
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SEKIL 22 q[117] uitrasonik modu ve P=0.2 Kbar basingta NH,Cl icin
gdzienen [ ve hesaplanan frekanslar.




22

2.1.3 NH,Cl igin q[liO] modunda P=0.4 kbar icin Frekans kaymalarinin

hesaplanmasi

[57°deki deneysel verileri ilk bagta AT>0 bolgesi igin fit etmig ve vi, yp ve A(P)
terimleri bulunmugtu. A(P)=-0.0046’a esit oldugundan simdi AT<O0 bolgesi igin,

Vesater=Apvi (L T/L, 296)

Ar= Vgsiem-A(P)-v, 6 11 EpT1296) (2.23)

Vgsaem-bellidir, vie®™ 1?9 (v)) ise ilk basta belirlenmigti. $imdi AT<O
bolgesinde ii¢ tane AT noktas: belirleyecegiz ve aAT?*+bAT+c olarak sectigimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarim1 hesaplayacagiz.

Tablo 2.6 g|110| modunda P=0.4 kbar icin Ap’nin hesaplanmasi

AT Veorem-A(P)-v1 e PP = AATHBAT+c
-12.576 -0.40 =  165.869a-12.87b+c
.909 -0.07 = 34.916a2-5.909b+¢
-0.909 -0.14 = 0.826a-0.909b+¢c

Bu denklem sistemi ¢6ziildiigiinde, a=-0.0052, b=-0.0484, ¢=-0.1776 olarak bulunur

ve Ap

Ap=-0.0052AT?-0.0484AT-0.1176 (2.24)
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Bu durumda q[110] modunda P=0.4 kbar icin NH4Cl i¢in frekans kaymalan
(2.2)’de ifade edilen gekilde bulunmus olur;

v=-0.0052AT?-0.0484AT-0.1176-0.0046+385.80¢>10pTL129) (3 95)

burada Lp"/L,*”® P=1 bar ‘da [6] “daki verilerden alinmustir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.7°de hesaplanmig ve Sekil 2.3 ‘de grafik olarak

¢izdirilmistir.



24

Tablo 2.7 NH4CI ‘de q[lIO] ultrasonik modu i¢cin P=0.4 kbar ‘da gozlenen [1,2]
degerlerden frekanslarm hesaplanmasi. Burada yp=0.96 ve v1=385.80 KHz ‘dir.
Elde edilen bu degerler Sekil 2.3’de karsilastinnimistir

AT Vgaziem LPT/ L4 2% v A(P) v'+A(P) At Vhesap
[11.2] 1] [2] (2.16) .24 (2.25)

-12.58 392.69 0.99353 393.08 -0.00465 393.09 -0.396 392.69
-12.27 392.71
-10.30 392.50
-10.15 392.40

-9.90 0.99386 392.71 -0.00465 392.71 -0.211 392.50
-8.03 392.19
-8.18 392.10
-6.90 0.99422 392.30 -0.00465 392.30 -0.092 392.21
-6.36 392.00
-5.91 392.06 0.99437 392.13 -0.00465 392.13 -0.074 392.06
-5.00 392.14
-4.90 0.99452 391.96 -0.00465 391.96 -0.066 391.90
-3.79 391.96
-3.94 391.91
-3.90 0.99468 391.78 -0.00465 391.78 -0.068 391.7
-2.90 0.99487 391.56 -0.00465 391.56 -0.081 391.48
-2.58 391.56
-2.27 391.56
-1.80 0.99508 391.32 -0.00465 391.33 -0.105 391.22
-1.36 391.12
-0.91 390.80 0.99542 390.94 -0.00465 390.94 -0.138 390.80
-0.45 390.53
-0.30 390.12
0.00 389.75
-0.30 389.62
0.00 389.22
0.30 389.14
1.10 0.99734 388.77 -0.00465 388.78 -0.237 388.78
1.67 389.03
1.36 388.91

210 0.99739 388.72 -0.00465 388.72 -0.302 388.72



2.58
2.88
3.79
3.79
485
5.61
712
8.33
10.15
11.36
12.10
12.88
14.70
15.76
16.67
17.10
18.03
18.33
20.15
20.46
21.97
22.10
23.49
27.10
32.10

388.80
388.71
388.65
388.59
388.57
388.53
388.46
388.40
388.36
388.25

388.06
388.02
387.98
387.94

387.81
387.77
387.67
387.67
387.58

387.46

0.99767

0.99792

0.99816

0.99840

0.99864
0.99889

388.40

388.12

387.85

387.59

387.32
387.04

25

-0.00465

-0.00465

-0.00465

-0.00465

-0.00465
-0.00465

388.41

388.13

387.86

387.59

387.32
387.04

-0.788

-1.530

-2.535

-3.803

-5.332
-7.122

388.41

388.13

387.86

387.59

387.32
387.04
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icin gdzlenen [2] ve hesaplanan frekanslar.
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2.2.4 NH4,Cl igin q[liO] modunda P=0.6 kbar icin Frekans kaymalarimmn

hesaplanmasi

[5]’deki deneysel verileri ilk basta AT>0 boélgesi igin fit etmis ve vy, yp ve A(P)
terimleri bulunmugtu. A(P)=-0.0119’a esit oldugundan gimdi AT<O bélgesi i¢in,

Vgtem=Ap+V1 o IM(LTIL, 296)

Ar= Veszem-A(P)-v, 12 EpT142%6) (2.26)

Veorem-bellidir, v () ise ilk basta belirlenmisti. Simdi AT<O
bolgesinde Gi¢ tane AT noktas: belirleyecegiz ve aAT*+bAT+c olarak sectigimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarin1 hesaplayacagiz.

Tablo 2.8 g_[_l__i_O] modunda P=0.6 kbar icin Ap’nin hesaplanmasi

AT Vesdem-Vi€ P26 = gAT2+bAT+e
-12.879 0.744 = 165.8692-12.879b+c
-4.848 0.241 = 23.503a-4.848b+c
-1.97 0.217 = 3.880a-1.97btc

Bu denklem sistemi ¢oziildiigiinde, a=-0.005, b=-0.26, ¢=-0.248 olarak bulunur ve Ap

Ap=-0.005AT>-0.26AT-0.248 (2.27)
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Bu durumda q[liO] modunda P=0.6 kbar igin NH4Cl igin frekans kaymalan
(2.2)’de ifade edilen sekilde bulunmug olur;

v=-0.005AT?-0.26AT-0.248-0.0119+385.80¢>"(pT2%6) (2.28)

burada Lp"/L;%°® P=1 bar ‘da [6] “daki verilerden alinmigtir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.9°da hesaplanmis ve $ekil 2.4 ‘de grafik olarak

gizdirilmigtir.
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Tablo 2.9 NH4CI ‘de q[110] ultrasonik modu i¢in P=0.6 kbar ‘da gozlenen [1,2]
degerlerden frekanslarin hesaplanmasi. Burada y=0.96 ve v,=385.80 KHz ‘dir.
Elde edilen bu degerler Sekil 2.4°de karsilastiriimigtir

AT Voozem  Lp LTV AP) V+AP) A Vhesap
[LE2] (1] [2] (2.16) Q.27 (2.28)
-12.88 392.33 0.99353 393.08 -0.01194 393.07 -0.744 39233
-11.06 302.19
-9.90 0.99386 392.71 -0.01194 392.70 -0.483  392.21
-9.38 392.12
-7.73 392.00
-6.90 0.99422 392.30 -0.01194 39229 -0.309  391.98
-6.36 391.83
-5.90 0.99437 39213 -0.01194 392.12 -0.270  391.84
-5.30 391.78
-4.85 391.70 0.99452 391.96 -0.01194 391.95 -0.241 391.70
-4.09 391.46
-3.90 0.99468 391.78 -0.01194 391.76 -0.224  391.54
-3.64 391.43
-2.90 0.99487 391.56 -0.01194 391.55 0216  391.33
-2.88 391.28
2.27 391.20
-1.97 391.09 0.99508 391.32 -0.01194 391.31 -0.217  391.09
-1.67 390.90
-1.36 390.75
-1.06 390.37
-1.06 390.16
-0.90 0.99542 390.94 -0.01194 390.93 390.93
-0.46 390.02
-0.46 389.87
0.30 389.56
0.15 389.49
0.45 389.31
0.45 389.07
0.76 388.91
1.10 0.99734 388.77 -0.01194 388.76 388.76

1.36 388.84



1.82
210
2.73
3.64
4.39
5.15
6.82
7.10
8.33
9.54
10.76
11.52
12.10
13.05
13.33
14.39
15.17
17.12
18.79
20.30
20.46
21.52
22.10
22.27
23.33
27.10
27.42
32.10
33.23
35.69

388.76

388.69
388.74
388.72
388.61
388.53

388.46
388.34
388.27
388.15

388.14
388.04
387.96
387.92
387.85
387.71
387.58
387.62
387.50

387.46
387.48

387.23

386.87
386.67

0.99739

0.99767

0.99792

0.99816

0.99840

0.90864

0.99889

388.72

388.40

388.12

387.85

387.59

387.32

387.04

30

-0.01194

-0.01194

-0.01194

-0.01194

-0.01194

-0.01194

-0.01194

388.71

388.39

388.11

387.84

387.57

387.31

387.03

388.71

388.39

388.11

387.84

387.57

387.31

387.03
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SEKIL 2.4 q[11°0] ultrasonik modu ve P=0.6 Kbar basingta
NH4Clicin g6zlenen [2] ve hesaplanan frekanslar.
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2.3 NH4C1 °DE q[110] MODU iCIN FREKANS HESAPLAMALARI

Bu analizler igin 2.1°deki stratejiyi aynen uygulayacagiz.

Once NH4C1 “deki q[110] modu i¢in 1 bar basing altinda v-AT grafiginde verilen
deneysel veriler alindi [5]. AT>0 igin dﬁzensiz faz bolgesindeki frekans degerleri bir
dogruya fit edilebilir. 15K<AT<21K sicaklik aralifinda bir fit dogrusu hazirlanmgtir.
Bu dogrunun denklemi v=-0.02187AT+207.159 ‘den dv/0AT=-0.0218 K/KHz elde
edilir. v; ise 296 K “deki frekans degeridir. Ancak burada sicaklik AT=T-T) olarak
belirlendiginden 296 K ‘nin AT ‘ye gore ne olmasi gerektigi ancak T, bulunarak
goriilebilir. Ty, ise [5] ¢ de verilen P-T dogrusundan 254.7 K olarak bulunur. 296-
241.15=54.85 K degerini yukanda elde edilen fit dogrusunda yerine koyarsak v; =
205.96 KHz olarak bulunmug olur.

AT>0 “de y,’nin hesaplanmasi i¢in  Tablo 2.10 olusturulmus ve goriilecegi gibi

¥,=0.71 olarak bulunmustur.

Tablo 2.10 NH4CI icin g[110] modunda y; ‘nin hesaplanmasi

AT Vg L™ L1/V(@VIGAT) 3/ Le'L™ @@L L YOAT)  y

2212 206.68 0.99840 0.0001059 0.00014952 0.70796
27.27 206.57 0.99864 0.0001059 0.00014948 0.70851
31.67 206.42 0.99889 0.0001060 0.00014945 0.70920

Ortalama 0.70856

Simdi sira basta séylendigi gibi A(P) teriminin hesaplanmasina geldi. 0, 0.5, 0.95 ve
1.5 kbarda v'=v;e>™®pT1%9 degerleri, AT=27.1 K ‘de (AT>0 faz bélgesinde
segilen bir nokta),
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v'1=206.57 KHz zaten biliniyordu.
V'0.95=207.02 KHz
Vv'1.5 =207.207 KHz

gozlenen degerlerden,

V’1-V1=0.
V'o9s-v1 =0.463 KHz
Vv'1s -v1 =0.651 KHz

Bu farklani A(P) teriminin getirdigi diigiinillerek ve AT>0 bolgesinde Esitlik 2.4,

Ap’nin de 0 olmasiyla §6yle yazilabilir,

v=A(P)+v, e TodpTL %) (2.29)

ve
A(P)=ag+a;P+a;P? (PKbar birimleriyle) olduguna gore,

P=1 bar yaklagik olarak O kbar olarak alinabilir o zaman a;=0,

0.463= a,(0.95)+a,(0..95)
0.651=a;(1.5)+ay(1.5)

seklinde elimizde iki bilinmeyesli iki denklem kalmaktadir.
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Bu da, a;=0.579 ve a;=-0.097 olarak bulunur. Sonugta A(P) terimi basinca bagh
olarak

A(P)=0.579P-0.0974P> (2.30)

olarak elde edilir.
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2.3.1 NH,CPde q[110] modunda P=0 kbar icin Frekans kaymalarmn

hesaplanmasi

[5]°deki deneysel verileri ilk basta AT>0 bolgesi igin fit etmig ve vi, Yp ve A(P)
terimleri bulunmustu. A(P), 0 kbar igin sadece ap = 0’da 0’a esit oldugundan simdi
AT<O0 bolgesi igin,

Vesaem=Ar+V1 o 31in(LpTIL, 296)

Ap= vgazlem-vle'3 Tin(LpT/L,296) (2.31)

Vgsdem-bellidir, vie®™EpT1P9  (v)) ise ilk basta belirlenmigti. $imdi AT<O0
bolgesinde ii¢ tane AT noktas: belirleyecegiz ve aAT?+bAT+c olarak sectigimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarin1 hesaplayacagiz.

Tablo 2.11 _q[110] modunda P=0 kbar icin Ap’nin hesaplanmasi

AT Vesdem-vie PP =  JAT*HDAT+c
-5.67 0.213 = 32.148a-5.67b+c
3.13 - 0.326 = 9.796a-3.13b+c
-1.04 0.2609 = 1.081a-1.04b+c

Bu denklem sistemi ¢oziildiigiinde, 2=-0.0163, b=-0.0995, ¢=-0.1751 olarak bulunur

ve AP
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Ap=-0.0163AT2-0.0995AT-0.1751 (2.32)

Bu durumda q[110] modunda P=0 kbar i¢in NH4Cl igin frekans kaymalari (2.2)’de
ifade edilen sekilde bulunmus olur;

v=-0.0163AT?-0.0995AT-0.1751+205.96¢>1"LpT12%) (2.33)

burada Lp"/L,%*° P=1 bar “da [6] ‘daki verilerden alinmigtir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.12°de hesaplanmig ve Sekil 2.5 “de grafik olarak

cizdirilmistir.
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Tablo 2.12 NH4CI ‘de q[110] ultrasonik modu i¢cin P=0 kbar ‘da gozlenen [1,2]
degerlerden frekanslarn hesaplanmasi. Burada yp=0.71 ve v1=205.96 KHz ‘dir.
Elde edilen bu degerler Sekil 2.5°de karsilastirilmstar

AT Vgozem LA™ v AP) vAP)  Ar Vhesap
[1,[2] [1] 2] [2.30] [2.32]  [2.33]
-5.67 208.66 0.89437 208.45 208.45 0.21382 208.66
-4.9 0.99452  208.38 208.38 0.27024 208.65
-4.48 208.64
3.8 0.09468  208.31 208.31 0.31458 208.62
-3.13 208.55 0.09487 208.22 208.22 0.32644 208.55
2.24 208.51
1.9 0.99508 208.13 208.13 0.30517 208.44
-1.19 208.42
-1.04 208.24 0.99542 207.98 207.98 0.26092 208.24
-0.45 208.05
-0.15 207.82
0 207.67
0.29 207.5
0.43 207.38
0.72 207.3
1.01 207.24
1.1 0.89734  207.13 207.13 207.13
1.74 207.19
2.1 0.99739  207.11 207.11 207.11
232 207.12
3.04 207.08
3.62 207.08
4.78 207.02
5.94 206.99
6.81 206.98
7.1 0.99767 206.98 206.98 206.98
8.12 206.96
8.55 206.9
10.45 206.89

121 0.99792 206.87 206.87 206.87



13.28
14.63
16.71
171
18.05
20.15
2212
23.64
253
271
27.27
28.94
29.85
30.3
31.52
31.67
321
33.94
353
36.36
38.33
44.39
48.48

206.87
206.81
206.78

206.76
206.72
206.68
206.63
206.62

206.57
206.53
206.55
206.48
206.48
206.42

206.41
206.41
206.32
206.32
206.2
206.12

38

0.99816 206.77 206.77 206.77

0.9984 206.66 206.66 206.66
0.99864 206.56 206.56 206.56
0.99889 206.45 206.45 206.45
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2.3.2 NH,Cl icin ¢[110] modunda P=0.S kbar icin Frekans kaymalarmm

hesaplanmasi

[5]1’deki deneysel verileri ilk basta AT>0 bolgesi i¢in fit etmis ve vy, yp ve A(P)
terimleri bulunmugtu. A(P) =0.265’¢ esit oldugundan simdi AT<O bolgesi igin,

Vesaem=Ap+A(P)+v e 1 EpT112%6)

Ar= Vgsaem-A(P)-v, &1 pTL12%6) (2.34)

Vgsdem-bellidir, vy pT 29

(V1) ise ilk bagta belirlenmigti. Simdi AT<O
bolgesinde ii¢ tane AT noktas: belirleyecegiz ve aAT*+bAT+c olarak sectifimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarin1 hesaplayacagiz.

Tablo 2.13 g|110| modunda P=0.5 kbar icin Ap’nin hesaplanmasi

AT Veodem-vi€ TP = AATZ4HAT+e
-4.475 -0.045 = 20.025a-4.475b+c
-2.985 -0.150 = 8.910a-2.985b+c
-0.895 -0.075 = 0.801a-0.895b+c

Bu denklem sistemi ¢oziildiigiinde, a=-0.0299, b=-0.1522, ¢=-0.0369 olarak bulunur

ve Ap

Ap=0.0299AT?+0.1522AT+0.0369 (2.35)
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Bu durumda q[liO] modunda P=0.2 kbar igin NH4Cl igin frekans kaymalan
(2.2)’de ifade edilen gekilde bulunmus olur;

v=0.0299AT%+0.1522AT+0.0369+0.265+205.96¢ > "pT12%) (2 36)

burada Lp"/L,?*® P=1 bar “da [6] “daki verilerden alinmustir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.14’de hesaplanmug ve Sekil 2.6 ‘de grafik olarak

¢izdirilmistir.
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Tablo 2.14 NH,4Cl ‘de q[110] ultrasonik modu i¢in P=0.5 kbar ‘da gizlenen [1,2]
degerlerden frekanslarin hesaplanmasi. Burada yp=0.71ve v1=205.96 KHz ‘dir.
Elde edilen bu degerler Sekil 2.6’de karsilagtirnlmigtir

AT Vasgem  LpLT ! AP)  V4AP)  Ar Vhesap
[11.[2] [1] [2] (2.30) (2.34) (2.35)

-4.475 20869 0.99452 208.38 0.266 208.64 0.04506 208.69

-39 0.99468 208.31 0.266 208.57 0.10163 208.68
-2.985 208.64 0.99487 208.22 0.266 208.49 0.15086  208.64
~1.835 208.52 0.98508 208.13 0.266 208.40 0.14560 208.54

-1.485 208.37
-0.895 208.32 0.99542 207.98 0.266 208.24 0.07534 208.32
-0.745 208.26
-0.445 208.08
0.145 207.8
0.595 207.62
1.185 207.58 0.99734 207.13 0.266 207.39 207.39
2.065 207.52 099739 207.11 0.266 207.37 207.37
3.005 207.5

3.825 207.48
4.715 207.47
6.035 207.42
7.065 207.38 099767 206.98 0.266 207.25 207.25
9.415 207.33
11.35 207.26

121 0.99792 206.87 0.266 207.14 207.14
13.74 207.21
15.68 207.15

171 0.99816 206.77 0.266 207.03 207.03

19.26 207.05
20.92 207.04

221 0.9984 206.66 0.266 206.93 206.93
25.01 206.97
271 0.99864 206.56 0.266 206.82 206.82
27.59 206.93
28.34 206.87

29.86 206.87



321
344
36.37
40.01
- 40.46
42.74
44.4
46.07
47.13
48.19

206.78
206.75
206.65
206.67
206.63

206.6
206.56
206.53
206.51

0.99889 206.45

43

0.266

206.71

206.71
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SEKIL 2.6 q[110] ultrasonik modu ve P=0.5 Kbar basingta NH,Cl igin
gdzlenen [2] ve hesaplanan frekanslar.
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2.3.3 NH4Cl i¢in q[110] modunda P=0.95 kbar icin Frekans kaymalarinm

hesaplanmasi

[5T’deki deneysel verileri ilk bagta AT>0 bélgesi igin fit etmis ve vy, yr ve A(P)
terimleri bulunmugtu. A(P)= 0.463a esit oldugundan simdi AT<O bélgesi igin,

Veser=Arvi (L TIL, 296)

Ar= Vgsaem-A(P)-vy ¢ 1 0LpTL,2%6) 237

Veodem-bellidir, vie*™ P19 (v')) ise ilk basta belirlenmigti. Simdi AT<0
bolgesinde ii¢ tane AT noktasi belirleyecegiz ve aAT*+bAT+c olarak sectigimiz
sicaklik diizeltmesinin a, b ve ¢ katsayilarin1 hesaplayacagiz.

Tablo 2.15 q[1 1 0] modunda P=0.95 kbar igin Ap’nin hesaplanmasi

AT Veorem-A(P)-v1e P26 = JATZHDAT+c
-5.372 0.219 = 28.858a-5.372b+c
-5.909 0.116 = 6.461a-2.542b+c
-1.192 0.142 = 1.420a-1.192b+c

Bu denklem sistemi ¢oziildiigiinde, a=-0.0131, b=-0.0681, ¢=-0.2046 olarak bulunur

ve Ap

Ap=-0.0131AT?-0.0681AT-0.2046 (2.38)



Bu durumda q[110] modunda P=0.95 kbar igin NH4Cl igin frekans kaymalan
(2.2)’de ifade edilen sekilde bulunmus olur;

v=-0.0131AT?-0.0681AT-0.2046 +0.463+205.95¢>™0pT126) (3 39)

burada Lp"/L;**® P=1 bar “da [6] ‘daki verilerden alinmustir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.16°da hesaplanmig ve Sekil 2.7 ‘de grafik olarak

cizdirilmistir.
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Tablo 2.16 NH4CI ‘de q[110] ultrasonik modu icin P=0.95 kbar ‘da gozlenen
[1,2] degerlerden frekanslarin hesaplanmasi. Burada yp=0.71 ve v1=205.96 KHz
‘dir. Elde edilen bu degerler Sekil 2.7’de karsilastirnimigtir

AT Vgoziem I-PT/I-‘I296 Vv A(P) V'+A(P) At Vhesap
1121 [1] 2] (2.30) 238  (2.39)

-5.372  208.69 0.99437 208.45 0.463 208.91 -0.21928  208.69

4.9 0.99452 208.38 0.463 208.84 -0.18748  208.65
-4332  208.67
-3.9 0.99468 208.31 0.463 208.77 -0.13952  208.63

-2.542  208.57 0.99487 208.22 0.463 20869 -0.11666  208.57
-1.9 0.99508 208.13 0.463 208.59 -0.12280  208.47

-1.642  208.43

-1.192 208.3 0.99542 207.98 0.463 208.44 -0.14218  208.30

-0.452  208.18
-0.002  208.06
-0.002 207.89
0.588  207.75
1.028  207.74
1.1 0.99734 207.13  0.463 207.59 207.59
1008  207.72
21 0.99738 207.11 0.463 207.57 207.57
2498  207.66
3.378  207.58
4118  207.55
5.002  207.55
5878  207.52
6.758  207.45
7.1 0.99767 206.98 0.463 207.45 207.45
8.528  207.45
9.848  207.41
11.04  207.37
12.09 207.35
12.1 0.99792 206.87 0.463 207.34 207.34

13.73 2073



15.67
171
17.31
18.81
20.61
221
22.42
23.94
26.97
271
29.55
31.36
321
34.09
36.06
37.88
40.91
42.27
4288
45.15
46.97

207.25

207.21
207.16
20713

2071
207.06
207.01

206.99
206.96

206.9
206.87
206.85
206.79
206.75
206.75
206.71
206.69

0.99816

0.9984

0.99864

0.99889

206.77

206.66

206.56

206.45

48

0.463

0.463

0.463

0.463

207.23

207.12

207.02

206.91

207.23

207.12

207.02

206.91



» (KHz)

FREKANS v

49

209

®

e ° o GOZLEM

. ‘@ HESAPLANAN

(o]

o]
208 -

o}

X
o]
..o
2075 ooooo
(o]
(o]
eO
e
o] ob
o]
207 4 o o o
® o o
(o]
(<o) o o

e y - B B o

SICAKLIK AT=T-T, , (K)

SEKIL 1.7 q[110] ultrasonik modu ve P=0.95 Kbar basingta

NH4Clicin gbzlenen [2] ve hesaplanan frekanslar.
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2.3.4 NH4Cl icin q[110] modunda P=1.5 kbar icin Frekans kaymalarinm

hesaplanmas:

[STdeki deneysel verileri ilk bagta AT>0 bolgesi igin fit etmis ve vi, yr ve A(P)
terimleri bulunmugtu. A(P)=0.651"a esit oldugundan simdi AT<O bélgesi i¢in,

Vesatem=Aptv1 o H(LpTIL, 296)

Ar= Vgsaem-A(P)-v, &> pTL 296) (2.40)

Vesadem-bellidir, vy 3 nlpT/L;296)

(V1) ise ilk basta belirlenmigti. Simdi AT<O
bolgesinde ii¢ tane AT noktas: belirleyecegiz ve aAT?*+bAT-+c olarak segtigimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarin: hesaplayacagiz.

Tablo 2.17 q[110] modunda P=1.5 kbar icin Ap’nin hesaplanmasi

AT Vesaem-vi€ TP 26 = aAT24+bAT+c
-4.025 0.319 = 16.2a-4.025b+c
-3.125 0.264 = 9.76a-3.25b+c
-0.745 0.390 = 0.555a-0.745b+c

Bu denklem sistemi ¢ozilldiigiinde, a=-0.0345, b=-0.1864, ¢=-0.5099 olarak bulunur

ve Ap

Ap=-0.0345AT2-0.1864AT-0.5099 (2.41)
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Bu durumda q[110] modunda P=1.5 kbar i¢in NH4Cl igin frekans kaymalari (2.2)’de

ifade edilen gekilde bulunmus olur;

v=-=0.0345AT?-0.1864AT-0.509+0.651+205.96¢>"CpT129) (3 42)

burada Lp"/L;**® P=1 bar ‘da [6] ‘daki verilerden alinmstir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.18’de hesaplanmis ve Sekil 2.8 ‘de grafik olarak

cizdirilmigtir.
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Tablo 2.18 NH4CI ‘de ¢[110] ultrasonik modu i¢in P=1.5 kbar ‘da gozlenen [1,2}
degerlerden frekanslarin hesaplanmasi. Burada yp=0.71 ve v;=205.96 KHz ‘dir.
Elde edilen bu degerler Sekil 2.8’de karsilasairlmistir

AT Vgaziem Lp'IL % V' AP)  Vv+AP) Ay Vhesap
[11.12] [1] [2] (2.30) 2.41) (2.42)

4025 20864 0.99468 208.31 0.651 208.96 -0.31923 208.64
-3125 20861 0.99487 208.22 0.651 208.87 -0.26467 208.61
-1.9 0.99508 208.13 0.651  208.78 -0.28038  208.50
-1.635  208.35

-0.745  208.24 0.99542 207.98 0.651 208.63 -0.39019 208.24
-0.445 208.1

0.155 207.97

0.445 207.92

1.035 207.94

1.185 207.89 0.99734 207.13 0.651  207.78 207.78
2.1 0.99739  207.11 0.651  207.76 207.76
2.505 207.73

3.245 207.69

4.265 207.65

5.745 207.61

7.065 207.55 0.99767 206.98 0.651 207.63 207.63
8.245 207.56

10.31 207.51

12.1 0.99792 206.87 0.651  207.52 207.52
12.25 207.45

14.34 207.42

15.83 207.38

17.1 0.99816  206.77 0.651  207.42 207.42
17.47 207.38 ‘

19.71 207.32

21.83 207.3

22.1 0.9984  206.66 0.651  207.31 207.31
22.89 207.26

2501 207.25

2592 207.22

27.1 0.09864 206.56 0651  207.21 207.21



27.59
28.49
29.71
30.46
32.13
34.1
36.07
37.59
40.16
40.62

207.2
207.19
207.18
207.15
207.12
207.09
207.06
207.03

207
206.99

0.99889

206.45

53

0.651

207.10

207.10



FREKANS : , (KHz)

208.8 5
[ J
2086 ®
o
208.4 1
o
® =
2082 ] o GOZLEM
° e HESAPLANAN

2081 o

&

[e}
207.8

®

®
(o]
o]
207.6 1 O.
o
(o] o®
(o]
; c o
207.4 0%
ce
O o
2072 Cag,
8o
© o
207 | Q
2068 . - .
-10 5 0 5 10 15 20 25 30 35 40 %5

SICAKLIK AT=T-T, ,(K)

SEKIL 2.8 q[110] ultrasonik modu ve P=1.5 Kbar basingta
NH4Cligin gbézlenen [2] ve hesaplanan frekanslar.
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2.3 NH4CI’DE q[100] MODU iCIN FREKANS HESAPLAMALARI

Bu analizler i¢in 2.1°deki stratejiyi aynen uygulayacagiz.

Once NH4Cl “deki q[100] modu igin 1 bar basing altinda v-AT grafiginde verilen
deneysel veriler alind1 [S]. AT>0 i¢in diizensiz faz bélgesindeki frekans degerleri bir
dogruya fit edilebilir. 15K<AT<25K sicaklik aralifinda bir fit dogrusu hazirlanmigtir.
Bu dogrunun denklemi v=0.0323AT+306.04 ‘den ov/0AT=0.03 K/KHz elde edilir.
v ise 296 K ‘deki frekans degeridir. Ancak burada sicaklik AT=T-T, olarak
belirlendiginden 296 K ‘nin AT ‘ye gore ne olmast gerektigi ancak T, bulunarak
gortlebilir. Ty, ise [5] ¢ de verilen P-T dogrusundan 241.15 K olarak bulunur. 296-

241.15=54.85 K degerini yukarnda elde edilen fit dogrusunda yerine koyarsak v; =

307.76 KHz olarak bulunmus olur.

AT>0 “de vy, nin hesaplanmas: igin Tablo 2.19 olusturulmus ve gorilecegi gibi yp,=

-0.71 olarak bulunmugtur.

Tablo 2.19 NH,Cl icin q[100] modunda ¥, ‘nin hesaplanmasi

AT

17.14
22.32
2714
31.79

Simdi sira bagta s6ylendigi gibi A(P) teriminin hesaplanmasina geldi. 0, 0.6, 1.1, 1.6
ve 2.15 kbar’da v'=v;e 80 pTL12%) deserleri, AT=27.1 K ‘de (AT>0 faz bolgesinde

Ty 296
Vgozlem LF’ IL1

304.91 0.99816
305.45 0.99840
306.36 0.99864
306.73 0.99889

secilen bir nokta),

-1/v(Ov/0AT)

-0.0001061
-0.0001059
-0.0001056
-0.0001055

3/

Lp' /L1 ®4(0(Lr /L1 *$)/OAT)
0.0001496
0.0001495
0.0001495
0.0001494

ortalama

-0.7097
-0.7086
-0.7067
-0.7060
-0.7077
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v'1=307.68 KHz zaten biliniyordu.
V’o_95=3 14.49 KHz
v'1.5=318.74 KHz

gbzlenen degerlerini alarak,

V'i-v;=0.
V’1,1-V1 =7.45 KHz
V’2,15-V1 =11.70 KHz

Bu farklant A(P) teriminin getirdigi digiiniilerek ve AT>0 bolgesinde Esitlik 2.4,

Ap’nin de 0 olmasiyla §oyle yazilabilir,

v=A(P)+v, e 1idpTL2%6) (2.43)

ve

A(P)=ay+a,P+a,P* (P;Kbar birimleriyle) olduguna gore,

P=1 bar yaklagik olarak 0 kbar olarak alinabilir 0 zaman ao=0,

7.45= al(l. 1)+a2(2. 15)
11.70= a;(1.1)+a5(2.15)
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seklinde elimizde iki bilinmeyenli iki denklem kalmaktadir.

Bu da, 2,=8.17 ve a;=-1.27 olarak bulunur. Sonugta A(P) terimi basinca bagl olarak

A(P)=8.17P-1.274P* (2.44)

olarak elde edilir.
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2.3.1 NH4Cl igin q[100] modunda P=0 kbar icin Frekans kaymalarimin

hesaplanmasi

[51’deki deneysel verileri ilk bagta AT>0 bolgesi i¢in fit etmis ve vi, yp ve A(P)
terimleri bulunmustu. A(P), O kbar i¢in sadece ap = 0°da 0’a esit oldugundan gimdi
AT<0 bolgesi igin,

Vesatem=Artv1 o HILpT/L,296)

Ar= Vgsziem-v1€LpT12%6) (2.45)

Veodem-bellidir, vie®™@p™1%9)  (v')) ise ilk basta belirlenmisti. Simdi AT<O
bolgesinde ii¢ tane AT noktasi belirleyecegiz ve aAT*+bAT-+c olarak segtigimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarini hesaplayacagiz.

Tablo 2.20 q[100] modunda P=0 kbar i¢in Ap’nin hesaplanmasi

AT Vesdem-vie TP P9=  aATHHAT+e
-12.86 19.73 = 165.31a-12.86b+c
-6.07 13.36 = 36.86a-6.07b+c
-1.96 1.54 = 3.86a-1.96b+c

Bu denklem sistemi ¢6ziildiigiinde, a=-0.0163, b=-0.0995, ¢=-0.1751 olarak bulunur

ve Ap
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Ap=-0.1782AT?-4.311AT-6.242 (2.46)

Bu durumda q[100] modunda P=0 kbar i¢in NH4Cl igin frekans kaymalan (2.2)’de
ifade edilen sekilde bulunmus olur;

v==0.1782AT?-4.311AT-6.242+307.76¢>1"pT112%6) (2.47)

burada Lp"/L; %% P=1 bar “da [6] ‘daki verilerden alinmigtir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.21 de hesaplanmig ve Sekil 2.9 ‘da grafik olarak

gizdirilmistir.
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Tablo 2.21 NH4CI ‘de q[100] ultrasonik modu i¢cin P=0 kbar ‘da gizlenen [1,2]
degerlerden frekanslarin hesaplanmasi. Burada yp=0.71 ve v{=307.76 KHz ‘dir.
Elde edilen bu degerler Sekil 2.9°de karsilagtirilmigtir.

AT Vgoziem LPT/L1 2% V' AP) Vv'+AP) At Vhesap
[11.[2] [1] [2] (2.44) (2.46) (2.47)

-12.86  323.27 0.99353 303.55 0.00 303.55 19.73 323.27

-11.79  322.82
-10.71 322.18
-10.18  321.36
-2.90 0.99386 303.76 0.00 303.76 19.18 322.94
-9.29 320.91
-8.93 320.55
-8.57 320.18
-7.86 319.64
-7.50 319.09
-7.14 318.73
-6.90 0.99422 303.29 0.00 303.99 15.46 319.45
-6.79 318.27
-6.25 317.73

-6.07 317.45 0.99437 304.09 0.00 304.09 13.36 317.45
-5.71 316.91

-5.18 315.82
-4.90 0.99452 304.19 0.00 304.19 10.40 314.59
-4.82 315.09
-4.64 314.55
-4.11 313.73
-3.90 0.99468 304.29 0.00 304.29 8.46 312.75
-3.21 312.00
-3.21 311.27
-2.90 0.99487 304.42 0.00 304.42 5.77 310.19
-2.50 308.00
-2.14 307.27
-2.14 306.55
-1.96 306.09 0.99508 304.55 0.00 304.55 1.54 306.09
-1.79 305.45

-1.43 304.55



-1.43
-1.43
-1.43
-1.07
-1.07
-0.90
1.07
1.07
1.10
1.256
1.43
1.61
1.79
1.96
2.14
2.50
2.50
2.68
2.86
3.21
3.57
3.93
4.11
4.46
5.36
6.07
6.79
714
7.86
8.39
8.93
10.54
11.07
12.10
12.50
13.04
14.64
15.00
16.43

302.00
300.55
300.18
299.82
295.45

294.36
294.64

294.91
295.45
295.73
296.00
296.55
296.82
297.18
297.64
298.09
298.55
299.09
299.45
300.00
300.09
300.55
300.91
301.45
301.64
301.82
302.00
302.18
302.55
303.00
303.27

303.64
303.82
304.18
304.55
304.73

0.99542

0.99734

0.99739

0.99767

0.99792
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304.77 0.00 304.77

306.02 0.00 306.02

306.06 0.00 306.06

306.24 0.00 306.24

306.40 0.00 306.40

-1.83

302.95

306.02

306.06

306.24

306.40



17.14
17.86
18.57
18.93
19.29
19.64
21.07
2210
22.32
22.86
25.00
26.07
2714
28.04
28.39
20.64
31.79
32.10
33.21
35.00
36.43
37.86
39.46
40.36
41.43
42.86
45.00
46.43
47.68
49.11
50.89

304.91
305.09
305.27
305.27
305.45
305.64
305.45

305.45
305.82
306.00
306.18
306.36
306.36
306.45
306.55
306.73

307.00
307.00
307.27
307.27
307.45
307.45
307.45
307.45
307.55
307.64
307.55
307.45
307.64

0.99816

0.99840

0.99864

0.99889

0.99911

0.99926

0.99936

0.99954

0.99967

0.99983

306.56

306.71

306.87

307.03

307.18

307.28

307.34

307.46

307.54

307.65

62

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

306.56

306.71

306.87

307.03

307.18

307.28

307.34

307.46

307.54

307.65

306.56

306.71

306.87

307.03

307.18

307.28

307.34

307.46

307.54

307.65
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SEKIL1.9 q[100] ultrasonik modu ve P=0 Kbar basingta
NH4Clicin gbzlenen [2] ve hesaplanan frekanslar.
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2.3.2 NH4Cl icin q[100] modunda P=0.6 kbar i¢cin Frekans kaymalarinm

hesaplanmasi

[5]’deki deneysel verileri ilk basta AT>0 bolgesi icin fit etmis ve vi, vp ve A(P)
terimleri bulunmustu. A(P) = 4.44’e esit oldugundan gimdi AT<O0 balgesi igin,
Vgézlem= AP + A(P)+V1 e-3‘yln(LPT/Ll296)

Ar= Vgsziem-A(P)-v, e 2V pTL 29) (2.48)

Veodem-bellidir, v;&*™®p™1%9 (v} ise ilk basta belilenmisti. Simdi AT<0
bélgesinde ii¢ tane AT noktasi belirleyecegiz ve aAT*+bAT+c olarak segtigimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarini hesaplayacagiz.

Tablo 2.22 q[100] modunda P=0.6 kbar icin Ap’nin hesaplanmasi

AT Vaoaem-vi€ PP P = GATZHHAT+e
-12.86 15.28 = 165.31a-12.86b+c
-6.07 8.92 = 36.86a-6.07b+c
-1.96 -2.91 = 3.86a-1.96b+c

Bu denklem sistemi ¢ozildiigiinde, a=-0.178, b=-4.311, ¢=-10.689 olarak bulunur ve
Ap

Ap=-0.178AT?-4.311AT-10.689 (2.49)
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Bu durumda q[110] modunda P=0.6 kbar igin NH,4Cl i¢in frekans kaymalan (2.2)’de

ifade edilen sekilde bulunmus olur;

v=-0.178AT>-4.311AT-10.689+4.44+307.76¢>1"pT12%6) (2.50)

burada Lp"/L,%*® P=1 bar “da [6] “daki verilerden alinmugtir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.23°te hesaplanmis ve Sekil 2.10 ‘de grafik olarak

¢izdirilmigtir.
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Tablo 2.23 NH4CI ‘de q[100] ultrasonik modu i¢in P=0.6 kbar ‘da gozlenen [1,2]
degerlerden frekanslarin hesaplanmasi. Burada yp=0.71 ve v1=307.76 KHz ‘dir.

Elde edilen bu degerler Sekil 2.10°de karsgilastirilmistir

AT Vgozlem LPT/ I--1 26 v A(P) V""A(P) At Vhesap
[11[2] [1] [2] (2.44) (2.49) (2.50)

-12.86 323.27 0.99353 303.55 445 307.99 15.28 323.27
-11.79 322.82

-10.71 322.18

-10.18 321.36

-9.90 0.99386 303.76 4.45 308.21 14.52 322.73
-0.29 320.91

-8.93 320.55

-8.57 320.18

-7.86 319.64

-7.50 319.09

-7.14 318.73

-6.90 0.99422 303.99 445 308.44 10.57 319.01
-6.79 318.27

-6.25 317.73

-6.07 317.45 099437 304.09 445 308.54 8.92 317.45
-5.71 316.91

-5.18 315.82
-4.90 0.99452 30419 445 308.64 6.16 314.79
-4.82 315.09
-4.64 314.55
-4.11 313.73
-3.90 0.99468 304.29 4.45 308.74 3.4 312.15
-3.21 312.00
-3.21 311.27
-2.90 0.99487 30442 445 308.86 0.31 309.18
-2.50 308.00
-2.14 307.27
-2.14 306.55
-1.96 306.09 0.99508 30455 445 309.00 -2.91 306.09
-1.79 305.45

-1.43 304.55



-1.43
-1.43
-1.43
-1.07
-1.07
-0.90
0.54
0.89
0.89
1.07
1.10
1.25
1.43
1.61
1.79
2.14
232
2.68
2.86
3.39
3.57
4.29
5.00
5.18
5.54
6.61
7.10
7.50
8.04
8.57
9.82
10.71
12.14
13.04
13.93
14.82
16.07
17.10
17.50

302.00
300.55
300.18
299.82
29545

302.09
302.36
302.73
302.91

303.27
303.55
303.82
304.18
304.55
305.00
305.27
305.64
305.82
306.18
306.55
306.91
307.18
307.27
307.91

308.18
308.36
308.55
308.91
309.09
309.45
300.82
309.91
310.00
310.36

310.45

67

0.99542 304.77 445 309.22

0.99734 306.02 4.45 310.47

0.99739 306.06 4.45 310.50

0.98767 306.24 4.45 310.68

0.99792 30640 4.45 310.85

099816 306.56 4.45 311.00

-6.95

302.27

310.47

310.50

310.68

310.85

311.00



18.57
19.64
20.71
21.96
22.10
23.39
26.61
26.07
26.79
27.10
27.50
29.11
31.25
32.10
32.50
33.39
34.64
35.71
36.79
38.57
39.46
40.89
42.86
45.00
46.61
47.68
48.57
48.29

310.64
310.91
311.09
311.09

311.36
311.45
311.64
311.64

311.73
311.91
312.09

312.09
312.18
312.27
312.36
312.36
31245
312.45
312.55
312.73
312.73
312.73
312.73
312.73
312.64

0.99840 306.71

0.99864 306.87

0.99889 307.03

68

4.45

4.45

4.45

311.16

311.32

311.48

311.16

311.32

311.48
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SEKIL 2.10 g[100] ultrasonik modu ve P=0.6 Kbar basingta

NH,Clicin gb6zlenen [2] ve hesaplanan frekanslar.
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2.3.3 NH4Cl1 icin q[100] modunda P=1.1 kbar icin Frekans kaymalarmn

hesaplanmasi

[5T’deki deneysel verileri ilk basta AT>0 bélgesi igin fit etmis ve vi, yp ve A(P)
terimleri bulunmustu. A(P)= 7.45’a esit oldugundan simdi AT<O bolgesi igin,

Vesatem=ArFv1 o 3MLpTIL, 296)

Ar= Vgsgem-A(P)-v, &> pT296) (2.51)

Vgodem-bellidir, ;P9 () ise ilk basta belirlenmigti. Simdi AT<O
bolgesinde ii¢ tane AT noktasi belirleyecegiz ve aAT*+bAT-+c olarak segtigimiz

sicaklik diizeltmesinin a, b ve ¢ katsayilarin1 hesaplayacagiz.

Tablo 2.24 q[1 1 0] modunda P=1.1 kbar i¢in Ap’nin hesaplanmasi

AT Veodem-AP)-v1& M pTH 20 = dAT*HAT+e
-12.86 1227 = 165.31a-12.86b+c

-6.07 591 =  36.86a-6.07b+c

-1.96 -5.92 = 3.86a-1.6btc

Bu denklem sistemi ¢6ziildiigiinde, a=-0.1782, b=-4.311, ¢=-13.696 olarak bulunur

veE Ap

Ap=-0.1782AT?-4.311AT-13.696 (2.52)
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Bu durumda q[100] modunda P=1.1 kbar igin NH4Cl igin frekans kaymalar1 (2.2)’de
ifade edilen gekilde bulunmus olur;

v=-0.1782AT?-4.311AT-13.696+7.45+307.76¢™LpT12%) (2 53)

burada Lp'/L,**® P=1 bar “da [6] “daki verilerden alinmistir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.25°de hesaplanmig ve Sekil 2.11 “de grafik olarak

¢izdirilmisgtir.
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Tablo 2.25 NH4Cl ‘de q[100] ultrasonik modu i¢in P=1.1 kbar ‘da gozlenen [1,2]
degerlerden frekanslarin hesaplanmasi. Burada yp=0.71 ve v1=307.76 KHz ‘dir.
Elde edilen bu degerler Sekil 2.11°de karsilastirnilmigtir

AT Vgezem  LPLY AP) VHAP) A Vhesap
[11.[2] [1] 2] (2.44) (2.52) (2.53)

-12.86 323.27 0.99353 303.55 7.45 311.00 12.27 323.27
-11.79 322.82
-10.71 322.18
-10.18 321.36
-9.90 0.99386 303.76 7.45 311.21 11.52 322.73
-9.29 320.91
-8.93 320.55
-8.57 320.18
-7.86 319.64
-7.50 319.09
-7.14 318.73
-6.90 0.98422 303.99 7.45 311.45 7.57 319.01
-6.79 318.27
-6.25 317.73
-6.07 31745 0.99437 304.09 7.45 311.55 5.91 317.45
-5.71 316.91
-5.18 315.82

-4.90 0.99452 304.19 7.45 311.64 3.15 314.79
-4.82 315.09
-4.64 314.55
-4.11 313.73
-3.90 0.99468 304.29 7.45 311.75 0.41 312.15
-3.21 312.00
-3.21 311.27
-2.90 0.98487 304.42 7.45 311.87 -2.69 309.18

-2.50 308.00
-2.14 307.27
-2.14 306.55
-1.96 306.09 0.99508 304.55 7.45 312.01 -5.92 306.09
-1.79 305.45
-1.43 304.55



-1.43
-1.43
-1.43
-1.07
-1.07
-0.90
0.54
0.71
0.89
1.07
1.10
1.25
1.61
2.14
2.32
2.86
3.93
5.71
6.96
7.10
8.21
9.46
10.36
12.10
13.21
15.36
16.61
17.10
17.50
20.36
21.96
22.10
22.86
241
26.07
27.14
28.39
28.93
30.18

302.00
300.55
300.18
299.82
295.45

306.36
306.73
306.91
307.27

307.45
308.00
308.45
308.82
309.27
310.00
310.91
311.45

311.73
312.00
312.18

312.91
313.18
313.27

313.45
313.64
313.91

313.82
313.91
314.18
314.18
314.36
314.36
314.36

0.99542

0.99734

0.99739

0.99767

0.99792

0.99816

0.99840

0.99864

304.77

306.02

306.06

306.24

306.40

306.56

306.71

306.87
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7.45

7.45

7.45

7.45

7.45

7.45

7.45

7.45

312.23

313.48

313.51

313.69

313.86

314.01

314.17

314.32

-6.95

305.27

313.48

313.51

313.69

313.86

314.01

314.17

314.32



31.25
32.10
32.32
33.93
35.00
37.86
39.2¢
40.36
41.07
42.50
43.57
4464
45.89
47.32
49.11
50.54

314.55

314.55
314.55
314.73
314.73
314.73
314.82
314.82
314.91
315.00
314.91
314.91
314.91
314.91
314.91

0.99889 307.03

74

7.45

314.49

314.49
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SEKIL 2.11 q[100] ultrasonik modu ve P=1.1 Kbar basingta
NH,Clicin g6zlenen [2] ve hesaplanan frekanslar.
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2.3.4 NH4Cl icin q[100] moedunda P=1.6 kbar icin Frekans kaymalarinin

hesaplanmasi

[57deki deneysel verileri ilk bagta AT>0 bolgesi i¢in fit etmig ve vi, yp ve A(P)
terimleri bulunmugtu. A(P)=9.82"a esit oldugundan gimdi AT<O0 bdlgesi igin,

Vesrdem= AP +vy e-3'y]n(]..PT/Ll 296)

Ar= Vesstem-A(P)-v; e EpTH296) (2.54)

Vgsaem-bellidir, vie®™pT1%9  (v')) ise ilk bagta belirlenmisti. Simdi AT<O0
bolgesinde ii¢ tane AT noktas: belirleyecegiz ve aAT*+bAT+c olarak segtigimiz

sicaklik diizeltmesinin a, b ve c katsayilarin1 hesaplayacagiz.

Tablo 2.26 g[100] modunda P=1.6 kbar icin Ap’nin hesaplanmasi

AT vgazlm-vle'37haPT’L12%)= aAT*+bAT+c
-10.00 6.96 = 100.002a-10.00b+c
-6.07 0..99 =  36.86a-6.07b+c
-2.86 -8.42 = 8.16a-2.86b+c

Bu denklem sistemi ¢dzildiigiinde, a=-0.1974, b=-4.69, c=-20.219 olarak bulunur ve
Ap

Ap=-0.1974AT?-4.64AT-20.219 (2.55)
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Bu durumda q[110] modunda P=1.6 kbar i¢in NH4Cl igin frekans kaymalan (2.2)’de

ifade edilen sekilde bulunmus olur;

v=-0.1974AT?-4.64AT-20.219+9.82+307.76¢>"""pT"L,2%) (2.56)

burada Lp"/L;**® P=1 bar “da [6] ‘daki verilerden alinmistir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.27°de hesaplanmis ve Sekil 2.12 ‘de grafik olarak

¢izdirilmigtir.
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Tablo 2.27 NH4CI ‘de q[100] ultrasonik modu i¢cin P=1.6 kbar ‘da gizlenen [1,2]
degerlerden frekanslarin hesaplanmasi. Burada y,=0.71 ve v,=307.76 KHz ‘dir.
Elde edilen bu degerler Sekil 2.12°de karsilastinlmistir

AT vgozem  Lp'L{T v AP)  V+ARP) Ar Vhesap
[11.[2] [1] [2] (2.44) (2.55) (2.56)

-11.96 322.64
-11.43 322.36
-10.7 321.45
-10.00 320.55 0.99386 303.76 9.83 313.59 6.96 320.55

-9.29 319.64

-8.57 319.00
-8.39 318.55

-7.68 318.00
-7.14 316.55
-6.90 0.99422 303.99 0.83 313.82 2.76 316.58
-6.79 316.09
-6.07 31491 0.99437 304.09 0.83 313.92 0.99 314.91
-5.54 313.82

-5.36 313.45

-4.82 312.00 0.99452 304.19 9.83 314.02 -2.19 311.83
-4.46 310.18

~-4.29 309.91
-3.90 0.99468 304.29 9.83 314.12 -4.92 309.20
-3.57 309.18
-3.21 307.82
-2.86 305.82 0.99487 304.42 9.83 314.24 -8.42 305.82
-2.68 305.27

-1.90 0.99508 304.55 9.83 314.38 -12.02 302.36
-0.90 0.99542 304.77 0.83 314.60 -16.16 298.44
0.36 309.27

0.54 309.64

0.7 310.18

1.07 310.91 0.99734 306.02 0.83 315.85 315.85
1.61 311.36

1.79 311.82

2.32 312.18



210
2.50
2.86
3.39
3.57
5.36
6.25
7.10
8.39
8.93
10.36
11.79
12.10
13.57
14.82
15.71
17.14
18.57
19.64
21.07
22.10
23.21
25.36
26.79
2710
28.21
29.64
31.79
32.10
32.50
33.93
35.7
37.50
38.57
39.64
41.96
44 .46
45.71
49.11

312.36
312.73
313.09
313.18
313.82
314.18

314.55
314.91
315.09
315.27

315.45
315.64
315.73
315.82
316.00
316.09
316.18

316.36
316.36
316.36

316.36
316.45
316.64

316.64
316.73
316.73
316.73
316.73
316.73
317.00
316.91
316.73
316.82

0.99739

0.99767

0.99792

0.99816

0.99840

0.99864

0.99889

306.06

306.24

306.40

306.56

306.71

306.87

307.03
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9.83

9.83

9.83

9.83

0.83

9.83

9.83

315.88

316.06

316.23

316.38

316.54

316.70

316.86

315.88

316.06

316.23

316.38

316.54

316.70

316.86
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SEKIL 2.12 q[100] ultrasonik modu ve P=1.6 Kbar basingta

NH4Cligin gbzlenen [2] ve hesaplanan frekanslar.
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2.3.5 NH4C1 i¢in q[100] modunda P=2.15 kbar icin Frekans kaymalarmm

hesaplanmasi

[ST’deki deneysel verileri ilk basgta AT>0 bélgesi igin fit etmis ve vy, vp ve A(P)
terimleri bulunmugtu. A(P)=11.70a esit oldugundan simdi AT<O bolgesi igin,

Vesatem=Ar+v1 o HLpT/L, 296)

Ar= Vgsem-A(P)-vy e EpTL296) (2.57)

Vgsaem-bellidir, vie?™pT11%®  (v')) ise ilk basta belirlenmisti. Simdi AT<O
bolgesinde ii¢ tane AT noktas: belirleyecegiz ve aAT?+bAT+c olarak sectigimiz
sicaklik diizeltmesinin a, b ve ¢ katsayilarin1 hesaplayacagiz.

Tablo 2.28 q[100] modunda P=2.15 kbar icin Ap’nin hesaplanmasi

AT Veodem- V1€ P20 =  aATZHDAT+He
-10.00 5.08 = 100.00a-10.00b+c
-6.07 -0.89 = 36.86a-6.07b+c
2.86 -10.30 = 8.16a-2.86b+c

Bu denklem sistemi ¢6ziildiigiinde, a=-0.1974, b=-4.69, c=-22.095 olarak bulunur ve
Ap

Ap=-0.1974AT?-4.64AT-22.095 (2.58)
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Bu durumda q[110] modunda P=1.6 kbar i¢in NH4Cl i¢in frekans kaymalan (2.2)’de

ifade edilen sekilde bulunmus olur;

v=-0.1974AT?-4.64AT-22.095+11.70+307.76 >Lp"12%9)  (2.59)

burada Lp"/L;?*° P=1 bar “da [6] ‘daki verilerden alinmigtir. Sonug olarak hesaplanan
ve gozlenen frekanslar Tablo 2.29°da hesaplanmig ve Sekil 2.13 ‘de grafik olarak

¢izdirilmigtir.
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Tablo 2.29 NH,4CI ‘de q[100] ultrasonik modu i¢in P=2.15 kbar ‘da gozlenen
[1,2] degerlerden frekanslarin hesaplanmas:. Burada y,=-0.71 ve v1=307.76 KHz
‘dir. Elde edilen bu degerler Sekil 2.13’de karsilagtirilmgtir

AT Vgozem  Lp/L{%® V' AP) V+AP) Ar Vhesap
11021 [1] 2] (2.44) (2.58)  (2.59)
-11.96 32264
-11.43  322.36
-10.71  321.45
-10.00 32055 0.99386 303.76  11.70 31546  5.08 320.55
929  319.64
857  319.00
839  318.55
768  318.00
714  316.55
-6.90 0.99422 30399 1170 31570  0.88 316.58
679  316.09
6.07 31491 099437 30409 1170 31579 -0.89  314.91
554  313.82
536  313.45
-4.90 0.99452 30419 1170 31589 -3.84  312.05
482  312.00
-446  310.18
429  309.91
-3.90 0.99468 30429  11.70 31600 -6.80  309.20
-3.57  309.18
321 307.82
2.86 30582 0.99487 30442  11.70 31612 -10.30  305.82
268  305.27
-1.90 0.99508  304.55 1170 31626 -13.89  302.36
-0.90 0.99542 30477 1170 31648 -18.03  298.44
0.89  312.73
1.10 0.99734 306.02  11.70  317.73 317.73
125  313.09
107 31327
125 31364

1.43 313.91



1.79
1.79
1.96
214
2.50
2.86
3.21
3.57
3.93
4.64
5.18
6.79
7.10
7.86
8.57
9.82
11.25
12.10
12.32
13.93
15.00
16.61
17.10
18.21
19.82
20.71
21.07
2210
2250
24.29
24.64
25.71
26.79
27.10
27.50
28.57
30.36
31.07
32.14

314.09
314.18
314.45
314.64
314.73
315.18
315.45
315.73
316.00
316.27
316.55
317.09

317.27
317.45
317.55
317.73

317.82
318.00
318.18
318.27

318.36
318.45
318.45
318.45

318.64
318.64
318.73
318.64
318.64

318.73
318.64
318.73
318.82
318.82

0.99739

0.99767

0.99792

0.99816

0.99840

0.99864

0.99889

306.06

306.24

306.40

306.56

306.71

30647

307.03

11.70

11.70

11.70

11.70

11.70

11.70

11.70

317.76

317.94

318.10

318.26

318.42

318.57

318.74

317.76

317.94

318.10

318.26

318.42

318.57

318.74



34.64
36.43
37.50
40.18
41.25
42.86
43.57
44.64
45.36

318.73
318.91
318.91
318.91
318.91
319.00
319.00
312.00
310.09
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SEKIL 2.13 q[100] ultrasonik modu ve P=2.15 Kbar basingta
NH4Clicin gdzlenen [2] ve hesaplanan frekanslar.



BOLUM 3

NH,Cl ‘ON [110] ULTRASONIK MODU ICiN PIiPPARD
BAGINTILARININ SPEKTROSKOPIK MODIFIKASYONUNUN
INCELENMESI

3.1. [110] MODUNDA VE P=0 KBAR SABIT BASINC ALTINDA (dP/dT),
‘NIN HESAPLANMASI

[110] modu i¢in P=0 Kbarda hesaplanan frekans kaymasi (2.33)’te verilmigti:

v=-0.0163AT?-0.0995AT-0.1751+205.96¢ >V (LPTL12%6)

AT;<0 i¢in L,,T/LI29 S AT ‘ye gore yazlabilir.

AT<0 igin v=-0.0163AT2-0.0995AT-0.1751+205.96¢>1(0-0001703AT+0.99537)

AT>0 191n v=205.96 e-3'yln(0.00004976AT+0.99729)
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Buradan (Ov/OAT) hesaplanabilir. Aynica literatiirden [9] Cp (dzgill 1s1) igin P=0
Kbar’da verilmis Cp -T grafiklerinden yararlanarak;

Tablo 3.1 P=0 Kbar’da yakin AT ‘ler icin literatiirden [9] alinan Cp ve
hesaplanan (-1/v)(0v/0AT) degerleri

AT (K) (-1A)(BVIBAT) (K1) Cp(Cal.deg™ . mol™)
-3.13 3.52x10-4 28.79
2.24 4.91x10-4 31.28
-1.04 6.79x10-4 38.13
0.43 1.06x10-4 27.92
0.72 1.06x10-4 23.75
1.01 1.06x10-4 22.06
1.74 1.06x10-4 20.19
2.32 1.06x10-4 19.58
3.04 1.06x10-4 19.32
3.62 1.06x10-4 19.25
4.78 1.06x10-4 19.08

elde edilir. Sekil 3.1’de Cp-(-1/v.0v/0T) grafijinde dogrunun eZiminin
ToVAp(dP/dT), 'yt verdigi bilinmektedir. [10]°’da verilmis olan hacim degeri
V=34.72 cm’mol", P=0 kbar’da [110] modunda NH,CI’de T)=242.9 K ve Griineisen
Parametresi y,=0.71 alinarak dP/dT=98.66 barK"' bulunur.
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Cp = 28362(-1/v)}(dv/dT) + 18.371

Cp (JK'motl™)
8

10 4

|
0 0.0001 00002 00003 00004 00005 00006 00007  0.0008

AlvdvidT (K")

Sekil 3.1 NH,CI 'de [110] modunda P=0 Kbar igin Cp~(-1/v)dv/dT
grafigi
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3.2. [110] MODUNDA VE P=1.5 KBAR SABIT BASINC ALTINDA (dP/dT),
‘NIN HESAPLANMASI

[110] modu i¢in P=1.5 Kbarda hesaplanan frekans kaymasi (2.42) ‘de verilmisti:

v=-0.0345AT?-0.1864AT-0.509+0.651+205.96¢ > TL1296)

AT<0 igin L,"/L1*° | AT ye gore yazilabilir.

AT<O0 igin v=-0.0345AT?-0.1864AT-0.509-+0.651+205.96¢ >1(0-0001703AT+0.99537)

AT>0igin v=205.96 o 311n(0.00004976AT+0.99729)

Buradan (0v/0AT) hesaplanabilir. Ayrica literatiirden [11] Cp (6zgiil 1s1) igin P=1.5
Kbar’da verilmis Cp-T grafiklerinden yararlanarak;

Tablo 3.2 P=1.5 Kbar’da yal;m AT ‘ler icin literatiirden [11] ahnan Cp ve
hesaplanan (-1/v)(0v/0AT) degerleri

AT (K) (-1LV)(@BV/BAT) (K1) Cp.(Joule X' mol™)
-1.65 7.17x10-4 170.98
-0.74 10.12x10-4 214.29
-0.45 11.13x10-4 236.57

0.16 1.06x10-4 91.67

0.45 1.06x10-4 90

10.31 1.06x10-4 82.5
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elde edilir. Sekil 3.2 de Cp - (-1/v.0v/0T) grafiginde dogrunun egiminin
TaVAp(dP/dT). *y1 verdigi bilinmektedir. [12]’de verilmis olan hacim degeri
V=34.403 cm’mol”, P=1.5 kbar [1 10] modu i¢in NH4CI’de T3=254.7 K ve Griineisen
Parametresi 1,=0.71 alinarak dP/dT=114.47 barK™ bulunur.
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Cp = 143141 (-1 /vdv/dT) + 72.283

Cp (JK'MoOL™)
g

100

o 0.0002 0.0004 0.0006 0.0008 0.001 0.0012

“Alv(dvidT) (K*)

Sekil 3.2 NH,CI ‘de P=1.5 Kbar ve [110] modu igcin Cp- -1/v(dv/dT)
grafigi



SONUCLAR VE TARTISMA

NHLCI igin yapilan bu hesaplarda ozellikle q[1/10] ve q[110] modlarinda istenen
sonuglar alinmigtir. Grafiklerde de goriilebilecegi gibi hesaplanan ve gozlenen
frekanslardaki yakinlik oldukga iyidir. q[110] modu igin 0.5 kbar ve 1.5 kbar’daki
kigik ayrnilmalar A(P) teriminin bu bolgede dért veriye kargt iki bilinmeyenin
¢oziimiinde yapilan O ve 0.95 kbar tercihinden kaynaklanmaktadir. Eger tiim ¢oziimler
i¢in ortak yaklagim yoluna gidilseydi daha iyi bir uyum olabilirdi.

q[100] modu i¢in ise aym uyum sadece AT<O faz ge¢is bolgesinde goriilmektedir.
Cinkii Ap diizeltmesinin hesaplanmasi bu bolgedeki frekanslarin ayni davramgi
gostermesi sebebiyle ¢ok yaklagik olmugtur. AT>0 faz bélgesinde ise y, parametresi
sadece 15K<AT<25K arasindaki bolgede yapilabilen fit egrisinden hesaplandig: igin
tabii olarak bu aralikta hesaplanan frekanslarda bir uyum s6zkonusuyken gegis
sicaklifina yaklagirken ayrilmalar olmugtur. Fakat bu ayrilmalar da 2.15 kbar igin
oldukga azdir. Frekanslarin yiiksek basiglara dogru gidildikge daha keskin atlamalar
yapmasi bu hesaplamalarin yaklagikliini da arttirmaktadir. Bu segilen bolge yerine
eger AT<0 faz bolgesinde ¥, hesaplanmasi yoluna gidilseydi -ki bu bolgede doZrusal
bir davram§ sozkonusudur- o zaman da ayrima AT>0 bolgesinde daha ileri
sicakliklarda gozlenirdi. Sonraki ¢aligmalar i§in denenmeye deger oldugu

disiiniilebilir.

Burada yapilan hesaplamalarda dikkate deger bir durum da her bir modda basing
dolayisiyla hacim degigmesine ragmen sadece 0 Kbar hacim verilerinin kullamlmg
olmasidir. Bunun ise daha sonraki ¢ahgmalar igin biiyilk avantaj oldugu
gorilmektedir. Ciinkii 6zellikle yiiksek basinglar igin kritik sicaklifin altinda veya
istinde basing-hacim deZisimlerine goére verilerin bulunmasinda giiglik
¢ekilmektedir.
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Son béliimde de [110] modu igin Pippard bagintilarindan yola gikarak (dP/dT),
egimleri P=0 Kbar ve P=1.5 Kbar’da hesapland1. 0 Kbar igin (dP/dT);,=98.66 barK™
ve 1.5 Kbar igin (dP/dT)}=114.47 barK™' bulundu. Buradan anlagilacag: gibi (dP/dT),
, basingla dogru orantili olarak artmaktadir. Elde edilen bu sonuglar Pippard
bagintilarimin spektroskopik modifikasyonlarimin NH4Cl ‘de ultrasonik [110] modu
frekanslari i¢in P=0 ve P=1.5 Kbar “da iyi bir uyum oldugunu gostermektedir ([13] ve
[14]). Frekans kaymalarini inceledigimiz diger mod ve basinglar igin de bu uyumun
sozkonusu olup olmayacag arastinlabilir. (Elimizde sadece P=0 ve P=1.5 Kbar i¢in
ozgiil 1s1-stcakhik verileri bulundugu igin diger basinglarda ¢aligma yapilamamigtir.)
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