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2ESULTS

&IG�฀��฀3CHEMATIC฀lGURE฀OF฀
THE฀ FORMATION฀ FREE฀ ENERGY฀
CURVES฀ IN฀ THE฀CASES฀WHEN฀
SULPHURIC฀ ACID฀ MOLECULES฀
ARE฀ BOUND฀ TO฀ STABLE฀
AMMONIUM฀ BISULPHATE฀
CLUSTERS฀OR฀HYDRATES฀�SOLID฀
LINE	฀AND฀WHEN฀THE฀SULPHU

RIC฀ACID฀MOLECULES฀ARE฀FREE฀
�DASHED฀CURVE	�
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&IG�฀ ��฀ 0ERCENTAGE฀ OF฀
SULPHURIC฀ ACID฀ MOLECULES฀
BOUND฀ INTO฀ CLUSTERS฀ CON

TAINING฀ DIFFERENT฀ AMOUNTS฀
OF฀ WATER฀ �7	�฀ SULPHURIC฀
ACID฀�!	฀AND฀AMMONIA฀�"	�฀
4HE฀ SUBSCRIPTS฀ INDICATE฀
HOW฀ MANY฀ MOLECULES฀ OF฀
EACH฀MOLECULAR฀TYPE฀ARE฀IN฀
THE฀ CLUSTER�฀ #LUSTER฀ DISTRI

BUTIONS฀ACCORDING฀ TO฀CLAS

SICAL฀THERMODYNAMICS฀AND฀
QUANTUM฀CHEMISTRY฀RESULTS฀
OF฀"ANDY฀AND฀)ANNI฀�����	�฀
)ANNI฀ AND฀ "ANDY฀ �����	฀
ARE฀ SHOWN�฀ .OTE฀ THAT฀ THE฀
VERTICAL฀AXIS฀IS฀LOGARITHMIC�

&IG�฀��฀$ISTRIBUTION฀OF฀CLUS

TERS฀IDENTIlED฀BY฀THEIR฀SUL

PHURIC฀ACID฀CONTENT�฀%XPER

IMENTAL฀RESULTS฀BY฀(ANSON฀
AND฀ %ISELE฀ �����	฀ ARE฀
COMPARED฀ WITH฀ CLASSICAL฀
THEORY฀ PREDICTIONS฀ AT฀ DIF

FERENT฀ RELATIVE฀ HUMIDITIES�฀
4HE฀ THEORETICAL฀ NUMBER฀
OF฀CLUSTERS฀CONTAINING฀ONE฀
SULPHURIC฀ ACID฀ MOLECULE฀
HAS฀BEEN฀SET฀TO฀MATCH฀THE฀
EXPERIMENTAL฀VALUE�
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&IG�฀��฀-IXING฀RATIO฀OF฀ FREE฀
AMMONIA฀ MOLECULES฀ AS฀ A฀
FUNCTION฀OF฀THE฀TOTAL฀MIXING฀
RATIO฀ OF฀ AMMONIA฀ FOR฀ TEM

PERATURES฀ OF฀4฀ �฀ ���฀ +฀
AND฀4฀ �฀ ���฀ +�฀ 2ELATIVE฀
HUMIDITY฀ IS฀ ����฀ 4HE฀ SUL

PHURIC฀ ACID฀ CONCENTRATION฀
�IN฀CMn�	฀IS฀INDICATED฀IN฀THE฀
lGURE�

&IG�฀ ��฀ #ONCENTRATION฀ OF฀
FREE฀ SULPHURIC฀ ACID฀ MOLE

CULES฀AS฀A฀FUNCTION฀OF฀TOTAL฀
CONCENTRATION฀ OF฀ SULPHURIC฀
ACID฀ FOR฀ TEMPERATURES฀ OF฀4฀�฀���฀+฀AND฀4฀�฀���฀+�฀
2ELATIVE฀ HUMIDITY฀ IS฀ ����฀
!MMONIA฀ MIXING฀ RATIO฀ �IN฀
PPT	฀ IS฀ INDICATED฀ IN฀ THE฀
lGURE�
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&IG�฀ ��฀ .UCLEATION฀ RATE฀
AS฀A฀ FUNCTION฀OF฀AMMONIA฀
MIXING฀ RATIO฀WHEN฀ RELATIVE฀
HUMIDITY฀ IS฀ ���฀ AND฀ SUL

PHURIC฀ ACID฀ CONCENTRATION฀
���฀CMn��฀4HE฀OLD฀AND฀NEW฀
TERNARY฀ MODELS฀ ARE฀ COM

PARED฀AT฀4฀�฀���฀+฀AND฀4฀
�฀���฀+�
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&IG�฀ ��฀ .UCLEATION฀ RATE฀
AS฀ A฀ FUNCTION฀ OF฀ RELATIVE฀
HUMIDITY฀ WHEN฀ SULPHURIC฀
ACID฀ CONCENTRATION฀ IS฀ ���฀
CMn�฀AND฀AMMONIA฀MIXING฀
RATIO฀ ��฀ PPT�฀ 4HE฀ OLD฀ AND฀
NEW฀ TERNARY฀ MODELS฀ ARE฀
COMPARED฀ AT฀4฀ �฀ ���฀ +฀
AND฀4฀�฀���฀+�฀

&IG�฀ ��฀ .UCLEATION฀ RATE฀
AS฀ A฀ FUNCTION฀ OF฀ SULPHURIC฀
ACID฀ CONCENTRATION฀ WHEN฀
RELATIVE฀ HUMIDITY฀ IS฀ ���฀
AND฀AMMONIA฀MIXING฀RATIO฀
��฀ PPT�฀ 4HE฀ OLD฀ AND฀ NEW฀
TERNARY฀ MODELS฀ ARE฀ COM

PARED฀AT฀4฀�฀���฀+฀AND฀4฀
�฀���฀+�
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&IG�฀ ��฀ .UCLEATION฀ RATE฀
AS฀ A฀ FUNCTION฀ OF฀ TEMPERA

TURE฀ AT฀ 2(฀ �฀ ���฀ WHEN฀
SULPHURIC฀ ACID฀ CONCENTRA

TION฀ IS฀ ���฀ AND฀ ���฀ CMn��฀
!MMONIA฀ MIXING฀ RATIO฀ IS฀
INDICATED฀IN฀THE฀lGURE�

&IG�฀ ���฀ 4EMPERATURE฀
DEPENDENCE฀OF฀THE฀MOLEC

ULAR฀ CONTENT฀ OF฀ CRITICAL฀
CLUSTERS�
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#ONCLUSIONS

&IG�฀���฀4HE฀SULPHURIC฀ACID฀
AND฀ AMMONIA฀ CONCENTRA

TIONS฀NEEDED฀TO฀REACH฀THE฀
NUCLEATION฀ RATE฀ OF฀ �฀ CMn�฀
Sn��฀ 4HE฀ OLD฀ AND฀ NEW฀ TER

NARY฀ MODELS฀ ARE฀ COM

PARED฀AT฀4฀�฀���฀+฀AND฀4฀
�฀���฀+�฀4HE฀REQUIRED฀SUL

PHURIC฀ ACID฀ CONCENTRATION฀
FOR฀ BINARY฀ WATER
SULPHURIC฀
ACID฀ NUCLEATION฀ IS฀ SHOWN฀
AS฀VERTICAL฀LINES�
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&IG�฀ ���฀ .UCLEATION฀ RATE฀
AS฀ A฀ FUNCTION฀ OF฀ SULPHU

RIC฀ ACID฀ CONCENTRATION�฀
2ELATIVE฀ HUMIDITY฀ AND฀
AMMONIA฀ MIXING฀ RATIO฀ ARE฀
�!	฀ 2(฀ �฀ ���฀ AND฀ ฀ �฀
���฀ PPT�฀ AND฀ �"	฀ 2(฀ �฀
���฀AND฀ ฀�฀��฀PPT�฀4HE฀
MODEL฀ DATA฀ IS฀ COMPARED฀
TO฀ THE฀ OLD฀ TERNARY฀ MODEL�฀
THE฀ UNARY฀ MODEL�฀ AND฀ THE฀
EXPERIMENTS฀ OF฀ "ALL฀ET฀AL�฀
�����	�฀
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2EFERENCES

��� ��� ��� ��� ��� ��� ��� ��� ��� ���
3ATURATION฀RATIO฀OF฀WATER
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�� #� �� PPT &IG�฀���฀3ULPHURIC฀ACID฀REL

ATIVE฀ ACIDITY฀ VERSUS฀ RELA

TIVE฀ HUMIDITY฀ DURING฀ NEW฀
PARTICLE฀ FORMATION฀ EVENTS฀
IN฀ VARIOUS฀ LOCATIONS�฀ 4HE฀
RELATIVE฀ ACIDITIES฀ REQUIRED฀
TO฀ PRODUCE฀ A฀ NUCLEATION฀
RATE฀ OF฀ �฀ CMn�฀ Sn�฀ ACCORD

ING฀TO฀THE฀BINARY฀NUCLEATION฀
MODEL฀ AS฀ WELL฀ AS฀ ACCORD

ING฀ TO฀ BOTH฀ OLD฀ AND฀ NEW฀
TERNARY฀ MODELS฀ ARE฀ ALSO฀
SHOWN�฀3EE฀ALSO฀7EBER฀ET฀AL�฀ �����	฀AND฀+ULMALA฀ET฀AL�฀�����	�
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