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Models of the Atom Spencer & Katelyn



First Things First • Electrons were accepted to be part of the atom structure by scientists in the1900’s.



• The first model of the atom was visualized as a homogeneous positive sphere and on the inside there were negative electrons. This was referred to as the plum pudding model.
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• Ernest Rutherford performed an experiment where he shot positive alpha charges at tin foil sheets. • He found some went through while others bounced back. • With this he concluded that the atom is mostly empty space with positively charged matter concentrated in the center. • The concentrated center must have been what caused the atoms to bounce back



Atomic Spectra • https://www.youtube.com/watch?v=gDuPH_7n4l0 • Heated solids, liquids and dense gases emit light with a continuous spectrum of wavelengths. • This is due to the interaction of each atom or molecule with its neighbor. Less dense gases, where the atoms or molecules are much further away from their neighbors, emit a discrete spectrum.
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When energy is transferred to atoms, the atoms absorb this energy and then emit it in the form of light. The spectrum of gas is a series of lines of different colors, each line corresponding to a specific wavelength of light emitted from the atoms of the gas, this is known as an emission spectrum.



• A gas that is cool will absorb certain wavelengths.



• A spectrum will show dark lines where wavelengths have been adsorbed.



• This is known as an absorption spectrum. • Helium was discovered by the composition of the sun's atmosphere.
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The Study of the Spectra • is known as spectroscopy. It is the analysis of the interaction between matter and part of the electromagnetic spectrum • It is an extremely important branch of science • Using spectroscopy can analyze unknown materials and find the composition of various materials or used to categorize them.



Flaws in the Rutherford Model • Since the Spectra only relies on individual atoms to work, any type of atom module will create the light wavelengths. • The Rutherford model had two main flaws: 1.) Since electrons orbit in a circular motion they are accelerating and therefore give off light. However as it loses energy it would get closer to the center making the atom very unstable.
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• 2.) As the electrons closed in on the center they would be continuously changing the frequency of emitted light, therefore not explaining the lines created on the spectra. • It was clear that Rutherford's model was not a sufficient tool. A student of Rutherford modified the model by integrating Planck's quantum hypothesis. His name was Niels Bohr.



• While Rutherford focused on the center nucleus of the atom, Bohr focused on the electrons surrounding it.



• Using Einstein's and Planck's quantum theory he suggested that the energy of an electron is quantized. (Electrons have restricted minimum and maximum values) • The smallest energy level is referred to as the ground state. If an electron absorbs energy it will jump up to an excited state. However, usually the excited state will only last for a second before it drops back down a level.
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• Bohr’s theory was that light is only emitted as an electron gives off energy and drops to a lower energy state. • It is described that the difference in energy between the two energy levels is equal to the energy that the proton absorbed or emitted. • This is explained by: hf = Eu – El Where Eu is the energy for the electron in the high level and El is the energy level of the electron in the lower level. * The definition of a photon is a particle that has energy and movement; but, it does not have mass or electrical charge.



Bohr made an equation for the energy of an electron in a specific level (n) in an atom:



En= -13.6 eV n2 n= principal quantum number eV= units En= energy of the electron in electron volts The larger the value of n becomes the less the magnitude needed for the electron to be released.
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Quantum Mechanics Using the Bohr model you could calculate the emission spectrum but you could not find the correct spectra for any other elements. And Bohr could not explain what some spectral lines were brighter than others.



Using the matter of waves, Louis de Broglie suggested that each electron in the atom is a standing wave. This then provided an explanation of quantized orbits that Bohr proposed earlier.



Erwin Schrodinger and Werner Heisenberg both used Broglie’s wave model. They discovered quantum mechanics.
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The quantum model can only predict the probability that an electron is in a specific location because an electron does not follow a defined path. The quantum model and Bohr model both predict the same energy level for the hydrogen atom however, the bohr model had one quantum number (n) but the quantum model uses 3 more quantum number (orbital I), magnetic (m1) and spin (ms)



Fluorescence and Phosphorescence When an atom is in an excited state by a proton from one energy state to a higher one, it is possible for it to go back to a lower state in two or more jumps. That means that the proton emitted will have lower frequencies than the one that was absorbed. This fluorescence. After absorbing ultraviolet radiation, fluorescent objects will emit visible light.
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Phosphorescence is very similar to fluorescence but the one difference is Metastable state. Metastable state is when the electrons are in an excited state and they stay that way for a longer period of time.
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